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ABSTRACT

Acute Respiratory Distress Syndrome (ARDS) is a severe clinical condition that can cause multiple organ dysfunction, including liver injury. Hu-
man umbilical cord-derived mesenchymal stromal cells (hUC-MSCs) have been shown to possess therapeutic potential for a variety of diseases
due to their ability to differentiate into various cell types and their anti-inflammatory and immunomodulatory properties.

THE PURPOSE. To investigate the potential of hUC-MSCs for treating lipopolysaccharide (LPS)-induced liver injury in rats.

MATERIALS AND METHODS. 72 mature male Wistar rats were randomly assigned to nine groups: control, 3 days, 7 days, and 28 days after in-
tranasal administration of LPS, 24 hours of LPS and 2 days of hUC-MSCs, 4 days of LPS and 3 days of hUC-MSCs, 14 days of LPS and 14 days
of hUC-MSCs, 21 days of LPS and 7 days of hUC-MSCs injection, and control 3 days after hUC-MSCs injection. The isolation of MSCs from
human umbilical cord tissue was performed using an enzymatic digestion method with collagenase I. hUC-MSCs were injected intraperitoneally
at a dose of 1-10° cells/kg body weight. Serum levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST) and alkaline phos-
phatase (ALP) were measured using the kinetic method. The levels of hepatocellular necrosis, liver structural damage, hepatocyte vacuolation,
inflammation and disseminated intravascular coagulation (DIC) were analyzed by histological scoring of sections stained with hematoxylin and
eosin. The expression of TGF-B1 in the liver tissue was evaluated by immunohistochemistry.

RESULTS. The preclinical study demonstrated that treatment with hUG-MSCs significantly improved liver function and attenuated LPS-induced
liver injury in rats. This was evidenced by a reduction in hepatocellular necrosis, liver structural damage, hepatocyte vacuolation, inflammation,
signs of DIC, fibrosis and lower levels of serum liver markers ALT, AST and ALP in the hUC-MSCs-treated groups compared to the untreated
groups. The study also revealed that the use of hUC-MSCs was more effective at the earlier stage of liver injury.

CONCLUSION. Our findings suggest that hUC-MSCs therapy may hold promise as a potential treatment for LPS-induced liver injury. Further
research is needed to better understand the underlying mechanisms and to determine the potential for hUC-MSCs therapy in clinical practice.
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Acute respiratory distress syndrome (ARDS) is a life-threatening con-
dition that occurs in critically ill patients and is characterized by severe
hypoxemia, diffuse lung infiltrates on chest radiographs, and respiratory
failure [1-4]. ARDS has significant morbidity rates, and it remains a clini-
cal challenge for healthcare providers worldwide. Despite advances in
understanding its pathophysiology and management, ARDS continues to
be associated with high rates of mortality, ranging from 35 to 46 % [5].

ARDS is a serious condition that can have far-reaching effects beyond
the lungs. ARDS is known to cause multiple organ dysfunction syndrome,
which can result in the failure of various organs, including the liver. The
liver plays a crucial role in metabolic processes and detoxification, and
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its dysfunction can have serious implications for patient outcomes. In pa-
tients with ARDS, liver dysfunction is a common complication that can
contribute to the overall severity of the illness. In spite of the advances
in supportive care, treatment options for ARDS-induced liver injury are
limited [6, 7].

Hepatocellular hypoxia, a condition characterized by insufficient oxy-
gen supply to the liver cells, is a major contributor to liver injury in ARDS.
During ARDS, the lungs become damaged, leading to reduced oxygen
supply to the body’s organs, including the liver. The liver is particularly
susceptible to hypoxia due to its high metabolic demands and limited oxy-
gen reserve capacity. Hepatocytes exposed to hypoxia undergo a range



of cellular changes, including a reduction in mitochondrial respiration and
an increase in anaerobic glycolysis. As a result, the liver’s energy supply
becomes compromised, leading to the death of hepatocytes. This process
can also lead to the release of inflammatory cytokines, further exacerba-
ting liver injury. The death of hepatocytes due to hepatocellular hypoxia
highlights the importance of preserving liver function during the course
of ARDS [8, 9].

During ARDS the liver is subjected to the effects of systemic inflam-
mation, which can lead to liver injury and dysfunction. The inflammatory
response that occurs during ARDS involves the release of cytokines and
other pro-inflammatory mediators that can damage hepatocytes and pro-
mote liver inflammation. This can result in changes in liver function, in-
cluding alterations in the metabolism and clearance of drugs, as well as the
production of liver enzymes and other markers of liver damage [10-12].

The liver is also involved in the clearance of inflammatory media-
tors from the circulation. This process can become overwhelmed du-
ring ARDS, leading to the accumulation of pro-inflammatory cytokines
in the systemic circulation and exacerbating the inflammatory response.
In addition, the liver is an important site of immune cell activation and
recruitment, and the dysregulation of immunocyte function during ARDS
can contribute to liver injury and inflammation. Overall, the impact of the
systemic inflammatory response during ARDS on the liver is complex and
multifactorial, involving both direct and indirect effects on liver function
and integrity [13-17].

The use of lipopolysaccharide (LPS) for modeling ARDS in rats has
been well-established and widely adopted. LPS, a component of the outer
membrane of Gram-negative bacteria, is known to induce a robust inflam-
matory response and mimic the pathophysiological features observed in
human ARDS. Its ability to activate toll-like receptor 4 signaling pathway
triggers the release of pro-inflammatory cytokines, such as tumor necro-
sis factor-alpha, interleukin-1 beta, and interleukin-6, leading to pulmo-
nary inflammation and injury. The administration of LPS to rats allows for
the reproducible induction of ARDS-like symptoms, including increased
pulmonary vascular permeability, infiltration of inflammatory cells, alveo-
lar edema, and impaired oxygenation [18-22].

One of the advantages of human umbilical cord-derived mesenchymal
stromal cells (hUC-MSCs) is that these cells can be easily obtained from
the perinatal material, which is usually discarded after birth. Compared
to other types of stem cells, such as embryonic stem cells or induced
pluripotent stem cells, these MSCs have a lower risk of tumorigenesis and
do not raise ethical concerns [23; 24].

In addition, hUC-MSCs have been shown to have a low immunogeni-
city and can exert their therapeutic effects without eliciting an immune re-
sponse, making them suitable for allogeneic transplantation. This feature
makes hUC-MSCs therapy a potentially attractive option for the treatment
of a wide range of diseases [23-26].

In this study, we sought to research the ability of hUC-MSCs to treat
liver injury induced by LPS in rats. Our findings provide insight into the
potential of hUC-MSCs therapy for the treatment of liver injury, associated
with ARDS, and offer a basis for further investigation of this therapeutic
approach.

MATERIALS AND METHODS

Animals. 72 mature white male Wistar rats weighting 200-220 g were
used in this study. Rats were housed in a temperature-controlled room
with a 12-hour light/dark cycle and had free access to water and food. All
animal experiments were conducted in accordance with the provisions
of the European Convention for the Protection of Vertebrate Animals
used for Experimental Purposes (Strasbourg, 1986; Oslo, 2018) and the
Law of Ukraine #3447-IV “On Protection of Animals from Cruelty” (dated
21.02.2006). The study was approved by the Bioethics Commission of
Ternopil National Medical University, protocol #60, dated 01.09.2020.
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Experimental design. Rats were randomly divided into nine groups
(n =8 per group):

1) control — normal rats;

2) 3d of LPS - 3 days after LPS administration;

3) 7d of LPS - 7 days after LPS administration;

4) 28d of LPS - 28 days after LPS administration;

5) 24h of LPS and 2d of hUC-MSCs - rats which received hUC-MSCs
injection 24 hours after LPS and were sacrificed 2 days afterwards;

6) 4d of LPS and 3d of hUC-MSCs - rats which received hUC-MSCs
injection 4 days after LPS and were sacrificed 3 days afterwards;

7) 14d of LPS and 14d of hUC-MSCs - rats which received hUC-MSCs
injection 14 days after LPS and were sacrificed 14 days afterwards;

8) 21d of LPS and 7d of hUC-MSCs - rats which received hUC-MSCs
injection 21 days after LPS and were sacrificed 7 days afterwards;

9) control hUC-MSCs - intact rats sacrificed 3 days after hUC-MSCs
injection.

LPS from E. coli (Sigma-Aldrich, USA) was administered intranasally
at a dose of 5 mg/kg.

Cryopreserved hUC-MSCs were generously provided by Prof. Lavren-
chuk H. Y. from the Medical Center Phoenix, Bulgaria. Umbilical cord
tissue was obtained from a single donor following normal childbirth ac-
cording to informed consent. Under aseptic condition, the umbilical cord
tissue was dissected into small fragments and subjected to enzymatic
digestion using a 0.1 % collagenase | (Sigma-Aldrich, USA), diluted in
DMEM/F12 Advanced culture medium (Gibco, USA). Cell suspension was
then pipetted and centrifuged for 5 minutes at 1610xg. The resulting pel-
let was resuspended in culture medium supplemented with 10 % fetal
bovine serum (FBS) (Gibco, USA) and seeded into culture flasks. The iso-
lated hUC-MSCs were cultured in a controlled incubation environment at a
temperature of 37 °C and a CO, concentration of 5 %. The obtained prima-
ry cultures were assigned as passage 0 (P0). Passaging was performed
using trypsinization with TrypLE Express Enzyme (Gibco, USA) upon rea-
ching 90-100 % confluence. Cryopreservation was performed at passage
4 after reaching 90 % confluence. For cryopreservation, 50 % of the cell
suspension (2-10°8 cells) in DMEM culture medium was added to cryo-
vials. Then, freezing medium containing 30 % DMEM/F12 Advanced, 40 %
FBS, 20 % conditioned medium and 10 % dimethyl sulfoxide (Sigma,
USA) was added in two steps. Further storage was carried out at - 80 °C
(intermediate stage) and in liquid nitrogen at -196 °C.

The obtained hUC-MSCs were subjected to immunophenotyping by
flow cytometry using a BD Accuri™ C6 Plus Personal Flow Cytometer (Bec-
ton Dickinson, USA), as well as mouse anti-human monoclonal antibodies
against CD73, CD90, CD105, CD34, and CD45 (/nvitrogen, USA). hUC-MSCs
were characterized as CD73*, CD90+, CD105* , CD34-, CD45-. After thaw-
ing, hUC-MSCs were cultured using Advanced DMEM/F12 medium (Gibco,
USA), supplemented with 10 % FBS, 1 % L-Glutamine-Penicillin-Strepto-
mycin solution (Sigma, USA) and 240 pg/L heparin (Sigma, USA). The cells
were cultured in a controlled environment at 5 % CO, and a temperature
of 37 °C. For the experimental procedures, MSCs at passage 5 were used.

hUC-MSCs were administered via intraperitoneal injection, resus-
pended in 0.25 mL of saline solution at a dose of 1-10° cells’kg body
weight. The dose of hUC-MSCs was selected based on previous stu-
dies that have used the same dosage [29-32]. The intraperitoneal route
of hUC-MSCs administration was chosen because of the fact that intra-
peritoneal injection results in higher cell retention in the peritoneal cavity,
allowing for prolonged exposure of MSCs to the local microenvironment
[33]. Therefore, MSCs injected intraperitoneally can exert their therapeu-
tic effects locally within the peritoneal cavity, which is beneficial for liver
injury. In addition, intraperitoneal injection has a lower risk of embolism
and is easier and less technically challenging compared to intravenous
injection in rats. Animals were not immunosuppressed following the ad-
ministration of hUC-MSCs injections, as these stem cells are known to
elicit minimal or no immune response [23-26].

In order to correctly evaluate the effectiveness of different times of
MSC treatment, the data was divided into 3 comparison groups:
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1) control, 7d, 4d LPS + 3d hUC-MSCs and control hUC-MSCs (3d);

2) control, 3d and 24h LPS + 2d hUC-MSCs;

3) control, 28d, 14d LPS + 14d hUC-MSCs and 21d LPS + 7d hUC-MSCs.

These time points were strategically chosen to correspond to dif-
ferent stages of ARDS [27; 28]. It was previously identified that three
stages of ARDS in rats are exudative (6-24 hours), fibroplasia (3-7 days)
and fibrosis (14-28 days) (the data are being prepared for publication). In
groups 5-8, the animals were sacrificed at different time points following
hUC-MSCs injections (2 days in group 5, 3 days in group 6, 14 days in
group 7, and 7 days in group 8) to enable a comparative analysis with the
corresponding groups that did not receive hUC-MSCs treatment. Animals
in group 9 were sacrificed 3 days after hUC-MSCs injection in order to
observe the mid-term action of hUC-MSCs.

Terminal anesthesia was performed with a lethal dose of sodium
thiopental (150 mg/kg) injected intraperitoneally. At the time of sacrifice,
blood and liver samples were collected for further analysis. Blood sam-
ples were collected from each rat through cardiac puncture. Serum levels
of alanine aminotransferase (ALT), aspartate aminotransferase (AST) and
alkaline phosphatase (ALP) were measured using the kinetic method.
The measurements were performed using a semi-automatic biochemistry
analyzer Master T (Hospitex, Italy) and commercial kits (Spinreact, Spain)
following the manufacturer’s instructions.

Liver samples were immediately fixed in 10 % neutral buffered forma-
lin. The fixed liver tissues were then processed using a tissue processor
LOGOS One (Milestone Medical, USA) following standard protocols and
embedded in paraffin wax. 5 pm thick sections were obtained using a
rotary microtome AMR 400 (Amos scientific, Australia).

To visualize the tissue morphology and the extent of liver injury, the
sections were stained with hematoxylin and eosin (H&E). A total of 72
paraffin blocks were prepared for histological and immunohistochemi-
cal studies. On average, three liver fragments were embedded in each
block. Two serial sections were mounted on glass slides for histological
analysis. Following the analysis of the sections stained with hematoxylin-
eosin, subsequent steps involved the preparation of slides specifically
for immunohistochemical investigation. One section from each block
was mounted on a glass slide. All sections were analyzed, with approxi-
mately 200 sections for histological and approximately 100 sections for
immunohistochemical studies. All samples were examined under a light
microscope Eclipse Gi-E (Nikon, Japan) and documented using a camera
M3CMOS 14000 (Sigeta, Ukraine) and a Toup View software (ToupTek
Photonics, China).

Immunohistochemistry was performed to evaluate the expression of
transforming growth factor-beta 1 (TGF-B1) in the liver tissue samples.
Paraffin-embedded tissue sections were deparaffinized, rehydrated, and
subjected to heat-induced antigen retrieval. Endogenous peroxidase ac-
tivity was blocked using 3 % hydrogen peroxide. Recombinant rabbit
monoclonal primary antibodies to TGF-B1 (Cat. No. ab215715, Abcam,
USA), and detection system Mouse/Rabbit PolyVue™ HRP/DAB (Diagnos-
tic BioSystems, USA), were used to detect TGF-B1. The sections were
counterstained with Mayer’s hematoxylin.

The assessment of liver injury was conducted using a customized his-
tological scoring system, developed by us, which included the evaluation
of hepatocellular necrosis, liver structural damage, hepatocyte vacuola-
tion, inflammation, signs of disseminated intravascular coagulation (DIC),
and TGF-B1 expression, measured through the means of immunohisto-
chemistry. Hepatocellular necrosis was defined as the presence of areas
of dead hepatocytes, characterized by pyknotic nuclei. Inflammation was
assessed by the presence of infiltrating inflammatory cells in the liver,
including lymphocytes, and neutrophils. Each histological parameter was
assigned a score ranging from 0 to 3, with 0 indicating no damage and 3
indicating severe damage. The scoring for each parameter was then avera-
ged among the 8 animals in each experimental group. Subsequently, the
individual scores for all parameters were summed to calculate a total his-
tological score ranging from 0 to 18, with higher scores reflecting more
pronounced liver injury.
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Statistical analysis. The collected data were analyzed using Statistica
10.0 (Statsoft Inc., USA). Specifically box plots were used to visualize the
data. The Kruskal-Wallis test was used to assess differences between the
obtained data. P < 0.05 was considered statistically significant.

To determine the applicability of parametric or non-parametric statis-
tical tests, the input data were tested for conformity to a normal distribu-
tion of research results. It was found that the input data did not follow a
normal distribution. This is further supported by the values of skewness
and kurtosis coefficients, as well as the small number of sampling points.
In this case, we applied the non-parametric Kruskal-Wallis test, which
allows us to answer the question of whether the nominal multilevel factor
(different time points) influences the quantitative response (ALT, AST and
ALP concentrations) and whether the quantitative factor influences the
nominal multilevel response. The basic data used were the concentrations
of ALT, AST and ALP measured at different time points after LPS expo-
sure and use of hUC-MSCs. Changes in ALT, AST and ALP concentrations
are presented in two-dimensional graphs with box plots. Box plots on
two-dimensional graphs are asymmetric, medians are not centered, thus
providing additional evidence of the non-normal distribution of experi-
mental data.

RESULTS AND DISCUSSION

The liver tissue of the intact rats (Fig. 1 A) and the rats of the hUC-MSCs
control group (Fig. 1 F) showed no structural changes, with liver lobules
composed of hepatocytes arranged in the shape of polygonal prisms.

Conversely, the liver of the rats three days after LPS exposure con-
tained signs of hepatocyte degeneration with pyknotic nuclei and vacu-
ololated cytoplasm. There were dark and light types of hepatocytes pres-
ent, presumably due to their different functional states: the darker, more
basophilic hepatocytes being generally more active and involved in meta-
bolic processes, while the lighter hepatocytes were believed to be either
damaged or less active (Fig. 1 B). In addition, there were signs of inflam-
mation which manifested as a perivascular leukocyte infiltration, dilated
and blood-filled vessels, and changes in the trabecular liver structure.

On the 7'" day after LPS exposure, the liver still contained blood-filled
vessels, pyknotic cells, and groups of lighter hepatocytes with more he-
terochromatic nuclei (Fig. 1 C). Leukocyte infiltration of the large vessels
was still visible.

On the 28" day after LPS exposure, the area of vacuolated hepato-
cytes with destroyed nuclei was significantly increased. Lymphocyte infil-
tration of the large vessels was still present (Fig. 1 D, E).

The presence of thrombi in the liver vessels is a strong indicator of
DIC, which is a serious and potentially fatal condition characterized by
the widespread formation of blood clots in small blood vessels through-
out the body. DIC is often a complication of systemic infections, trauma,
cancer, or other underlying medical conditions, and it can lead to organ
failure, hemorrhage, and death if not promptly diagnosed and treated.

In the context of ARDS, the development of DIC is not uncommon, as
the systemic inflammation and tissue damage caused by the disease can
trigger the coagulation cascade and lead to the formation of thrombi in the
liver, lungs, and other organs. The presence of thrombi in the liver ves-
sels in our study is consistent with the previous reports of DIC in ARDS
patients, and it underscores the importance of monitoring coagulation pa-
rameters and treating DIC aggressively in critically ill patients with ARDS
[5, 34-36].

To assess the effectiveness of hUC-MSCs treatment, we compared
the liver tissue of untreated rats with that of rats treated with hUC-MSCs.
On the 3 day of LPS, the untreated liver (Fig. 1 B) showed dilated and
blood-filled vessels which were not present in the treated liver (Fig. 1 G).
The same was observed on the 7" day, with blood-filled vessels present
in the untreated liver (Fig. 1 C) and none in the treated liver (Fig. 1 H). On
the 28™ day after LPS exposure, the untreated liver (Fig. 1 D, E) contained



vacuolated hepatocytes with destroyed nuclei, while the liver treated on
the 14" day (Fig. 1 1) contained none of these.

We also analyzed the efficacy of hUC-MSC treatment at different
times after LPS exposure. We found that the treatment at the earlier stage
on the 14" day (Fig. 1 1) was more effective than at the later stage on the
21t day (Fig. 1 J), as evidenced by the liver’s superior condition with
fewer signs of damage and inflammation as well as the absence of blood
clots in liver vessels.

Fig. 1. Representative samples of rat liver histological sections of
control (A), 3d of LPS (B), 7d of LPS (C), 28d of LPS (D and E), control
hUC-MSCs (F), 24h of LPS and 2d of hUC-MSCs (G), 4d of LPS and
3d of hUC-MSCs (H), 14d of LPS and 14d of hUC-MSCs (), and 21d
of LPS and 7d of hUC-MMSCs (J) groups. Arrows point at damaged
hepatocytes with piknotic nuclei. H&E staining; images were captured
at 200x magnification.
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In addition, we performed an immunohistochemical staining of the
liver sections to detect the presence of transforming growth factor-beta 1.
TGF-B1 is a cytokine that has been implicated in the development of liver
fibrosis, a pathological process that can lead to cirrhosis and liver failure. It
is expressed by various non-parenchymal cells, such as Kupffer cells, he-
patic stellate cells (HSCs), liver sinusoidal endothelial cells, and dendritic
cells, as well as by natural killer T cells and other hepatic lymphocytes.
These cells are typically involved in the immune response and wound hea-
ling processes in the liver, and excessive and dysregulated TGF-B1 produc-
tion by these cells in response to injury contributes to liver fibrosis [37-40].

We found that TGF-B1 was not expressed in the control and hUC-MSC
control groups (Fig. 2 A, F) and less present in the groups treated with
hUC-MSCs (Fig. 2 G-J) compared to the untreated ones (Fig. 2 B-E). Treat-
ment at the earlier stage on the 14" day (Fig. 2 I) showed weaker staining
compared to the later stage on the 21¢ day (Fig. 2 J), indicating reduced
TGF-B1 expression in the liver.

This finding suggests that hUC-MSCs have an antifibrotic effect by
reducing the expression of TGF-B1, which is known to cause the trans-
formation of HSCs into myofibroblasts and stimulate the production of
extracellular matrix proteins. Qur results are consistent with previous ani-
mal studies using other types of MSCs, such as adipose-derived MSCs
[41-42], hair follicle MSCs [43-44] and bone marrow-derived MSCs [45],
which have demonstrated that MSCs can modulate the TGF-1 signaling
pathway and inhibit liver fibrosis.

The degree of hepatocellular necrosis and inflammation was as-
sessed and scored from 0 to 3 based on the severity of the lesion. The
sum of the scores for each parameter was calculated to obtain a total his-
tological score ranging from 0 to 18, with higher scores indicating more
severe liver injury (Table 1).

The results indicate that LPS-induced liver injury in a time-dependent
manner, with the highest scores observed at 28" day. Compared to the
untreated groups, the groups treated with hUC-MSCs had a lower total
histological score, indicating a potential therapeutic effect of hUC-MSCs
on LPS-induced liver injury. Treatment with hUC-MSCs at an earlier stage
(14" day) was more effective in reducing liver injury compared to treat-
ment at a later stage (21 day). The control group and the group treated
with hUC-MSCs alone showed no signs of liver injury.
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Fig. 2. Representative photomicrographs of rat liver sections stained for TGF-B1 by immunohistochemistry from control (A), 3d of LPS (B), 7d of LPS (C), 28d
of LPS (D and E), control hUC-MSCs (F), 24h of LPS and 2d of hUC-MSCs (G), 4d of LPS and 3d of hUC-MSCs (H), 14d of LPS and 14d of hUC-MSCs (I),
and 21d of LPS and 7d of hUC-MMSCs (J) groups. Sections counterstained with Mayer’s hematoxylin; TGF-B1 staining is seen as a brown color. Images were
captured at 200x magnification.

The liver enzymes alanine aminotransferase, aspartate aminotrans-
ferase, and alkaline phosphatase are important markers of liver injury.
ALT and AST are primarily found within hepatocytes, and their levels in the
blood increase when these cells are damaged. ALP, on the other hand, is

an enzyme found in the bile ducts and biliary epithelial cells and its levels
rise in the presence of cholestasis or biliary obstruction [46-48]. The me-
dian values of AST, ALT and ALP are displayed in Table 2.

Table 1. Histological scoring of liver injury in experimental groups.

Group hisg;l:g:cal He':;t:rz?il:m Live;:::::ural y::::r;}';ﬁ Inflammation DIC TGF-B1 expression
Control 0 0 0 0 0 0 0
Control hUC-MSCs 0 0 0 0 0 0 0
3d LPS 11 1 2 1 2 3 2
7d LPS 12 2 2 1 2 3 2
28d LPS 15 3 3 3 1 2 3
24h LPS + 2d hUC-MSCs 3 0 1 0 1 0 1
4d LPS + 3d hUC-MSCs 4 1 0 0 1 0 2
14d LPS + 14d hUC-MSCs 3 0 1 0 1 0 1
21d LPS + 7d hUC-MSCs 7 1 1 1 1 1 2

Total

Table 2. The median values of AST, ALT and ALP in the blood serum of experimental rats.

Control

Control hUC-MSCs (3d)

AST (M, 25 %-75 %)

98.4 (97.8;101.7)
100.9 (99.4; 103.4)

ALT (M, 25 %-75 %)

38.0 (37.7; 38.5)
37.7(37.2; 38.5)

ALP (M, 25 %-75 %)

216.0 (212.3; 221.0)
214.8 (204.6; 222.1)

3d LPS 146.2 (142.3; 148.8) 44.2 (43.7;45.1) 293.3 (283.1; 298.4)
7d LPS 166.2 (160.3; 170.9) 46.5 (45.7; 47.5) 297.6 (285.0; 309.9)
28d LPS 179.5 (174.0; 181.2) 47.1 (44.4; 48.9) 279.9 (274.4; 289.5)

24h LPS + 2d hUC-MSCs
4d LPS + 3d hUC-MSCs

14d LPS + 14d hUC-MSCs
21d LPS + 7d hUC-MSCs

113.9 (104.5; 124.5)
1417 (136.7; 144.4)
103.9 (100.2; 104.9)
100.9 (99.9; 102.0)
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38.1 (37.9; 38.6)
44.2 (41.8; 45.6)
433 (42.3; 44.5)
439 (425, 44.7)

229 (223.6; 233.5)
226.7 (219.5; 237.2)
250 (246.5; 253.6)
248.9 (235.9; 257.1)



Fig. 3 A displays the results of the AST measurements for the compari-
son group #1, Fig. 3 B displays the results for the comparison group #2, Fig.
3 C displays the results for the comparison group #3 in the form of box plots.

The comparisons of AST levels between different groups are presented
in tables 3-5. When comparing the concentrations of AST, the level of sig-
nificance was less than 0.05, indicating significant differences between the
obtained data when comparing the concentrations in the following pairs
of time points: control — 3d; control — 7d; control — 28d; control — 24h +
2d hUC-MSCs; control — 4d + 3d hUC-MSCs; 3d — 24h + 2d hUC-MSCs;
7d —4d + 3d hUC-MSCs; 28d — 14d + 14d hUC-MSCs; 28d — 21d + 7d hUC-
MSCs; 7d — control hUC-MSCs; 4d + 3d hUC-MSCs — control hUC-MSCs.

When comparing data taken at the time points control — control hUC-
MSCs; control — 14d + 14d hUC-MSCs; control — 21d + 7d hUC-MSCs;
14d + 14d hUC-MSCs — 21d + 7d hUC-MSCs; which is greater than 0.05.
This indicates the absence of significant differences in AST concentra-
tions between these data points.

Boes Pt of AST (UIL) grouped by Rats.

Boss Pt of AST (UAL) groupsed by Rats.
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Fig. 4 A displays the results of the ALT measurements for the com-
parison group #1, Fig. 4 B displays the results for the comparison group
#2, Fig. 4 C displays the results for the comparison group #3 in the form of
box plots.

The comparisons of ALT levels between different groups are pre-
sented in tables 6-8. When comparing the concentrations of ALT, the level
of significance was less than 0.05, indicating significant differences be-
tween the obtained data when comparing the concentrations in the follow-
ing pairs of time points: control — 3d; control — 7d; control — 28d; control —
4d + 3d hUC-MSCs; control — 14d + 14d hUC-MSCs; control — 21d + 7d
hUC-MSCs; 3d —24h + 2d hUC-MSCs; 7d —4d + 3d hUC-MSCs; 28d - 14d +
14d hUC-MSCs; 28d —21d + 7d hUC-MSCs; 7d - control hUC-MSCs; 4d +
3d hUG-MSCs - control hUC-MSCs.

Boss Pt of AST (UAL) groupssd by Rats.
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Fig. 3. Levels of AST in rat blood serum after LPS administration and the treatment with hUC-MSCs at different time points in U/L. A — comparison group #1,
B - comparison group #2; C — comparison group #3. Statistically significant differences between groups are presented in tables 3-5.

Table 3. Differences in AST levels in comparison group #1.

AST Control
Control X
-
3d (p = 0.0008)

+
24h + 2d hUC-MSCs (p =0.0023)

Note: «+» indicates the presence of statistically significant difference between groups.

Table 4. Differences in AST levels in comparison group #2.

3d 24h + 2d hUC-MSCs
+ +
(p = 0.0008) (p = 0.0023)
X +
(p = 0.0008)
* X
(p =0.0008)

AST Gontrol 4d + 3d hUC-MSCs Control hUC-MSCs
+ + -
Control X (p = 0.0008) (p=0.0023) (p=0.1415)
d + + +
(p =0.0008) (p=0.0011) (p = 0.0008)
+ + +
4d + 3d hUC-MSCs (p =0.0023) p=0.0011 X (p =0.0008)
- + +
Control hUC-MSCs (p=0.1415) (p = 0.0008) (p = 0.0008) X
Note: «+» indicates the presence of statistically significant difference between groups; «-» indicates the absence of statistically significant difference.
Table 5. Differences in AST levels in comparison group #3.
AST Control 28d 14d + 14d hUC-MSCs 21d + 7d hUC-MSCs
+ . R
Control X (p = 0.0008) (p=0.1152) (p = 0.2698)
28d + + +
(p =0.0008) (p = 0.0008) (p =0.0008)
- + R
14d +14d hUC-MSCs (p=0.1152) (p =0.0008) a (p=0.1152)
- + _
21d +7d hUC-MSCs (p =0.2698) (p = 0.0008) (p=0.1152) X
Note: «+» indicates the presence of statistically significant difference between groups; «-» indicates the absence of statistically significant difference.
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Fig. 4. Levels of ALT in rat blood serum after LPS administration and the treatment with hUC-MSCs at different time points in U/L. A — comparison group #1,
B - comparison group #2; C — comparison group #3. Statistically significant differences between groups are presented in tables 6-8.

Table 6. Differences in ALT levels in comparison group #1.

AST Control 3d 24h + 2d hUC-MSCs
N .
Control X (p = 0.0008) (0 =0.2473)
+ +
3d (p = 0.0008) i (p = 0.0008)

24h + 2d hUC-MSCs X

= +
(p=0.2473) (p =0.0008)
Note: «+» indicates the presence of statistically significant difference between groups; «-» indicates the absence of statistically significant difference.

Table 7. Differences in ALT levels in comparison group #2.

AST Control 7d 4d + 3d hUC-MSCs Control hUC-MSCs
+ + =
L 48 (p =0.0008) (p = 0.0008) (p = 0.4623)
7d + X ar +
(p = 0.0008) (p=0.0117) (p = 0.0008)
+ + +
4d + 3d hUC-MSCs (p = 0.0008) (n=0.0117) X (p = 0.0008)
- + +
Control hUC-MSCs (p=0.4623) (p = 0.0008) (p = 0.0008) X
Note: «+» indicates the presence of statistically significant difference between groups, «-» indicates the absence of statistically significant difference.
Table 8. Differences in ALT levels in comparison group #3.
AST Control 28d 14d + 14d hUC-MSCs 21d + 7d hUC-MSCs
+ + +
L i (p = 0.0008) (p = 0.0008) (p = 0.0008)
28d _qh X .t .t
(p =0.0008) (p=0.0117) (p = 0.0209)
+ + -
14d + 14d hUC-MSCs (p = 0.0008) (p=0.0117) X (p=0.7527)
+ + -
21d +7d hUC-MSCs (p = 0.0008) (p = 0.0209) (p=0.7527) X
Note: «+» indicates the presence of statistically significant difference between groups; «-» indicates the absence of statistically significant difference.
When comparing data taken at the time points control — control When comparing data taken at the time points control — control

hUC-MSCs; control — 24h + 2d hUC-MSCs; 14d + 14d hUC-MSCs —21d +  hUC-MSCs; 14d + 14d hUC-MSCs —21d + 7d hUC-MSCs; which is greater
7d hUC-MSCs, which is greater than 0.05. This indicates the absence of  than 0.05. This indicates the absence of significant differences in ALP
significant differences in ALT concentrations between these data points. concentrations between these data points.

Fig. 5 A displays the results of the ALP measurements for the compar- Summarizing the obtained results, it can be concluded that the levels
ison group #1, Fig. 5 B displays the results for the comparison group #2,  of ALT, AST, and ALP were significantly elevated in the blood serum of
Fig. 5 C displays the results for the comparison group #3 in the form of  untreated rats. These results suggest that the liver cells were damaged
box plots. and the hepatic function was impaired. In contrast, the levels of these liver

When comparing the concentrations of ALP, the level of significance  markers were lower in the rats treated with hUC-MSCs, indicating that the
was less than 0.05, indicating significant differences between the ob-  treatment was effective in reducing hepatocellular damage.
tained data when comparing the concentrations in the following pairs of These results are consistent with previous studies that have de-
time points: control — 3d; control — 7d; control - 28d; control — 24h + 2d  monstrated the potential of hUC-MSCs therapy in various animal models
hUC-MSCs; control — 4d + 3d hUC-MSCs; control — 14d + 14d hUC-MSCs;  of liver injury [49; 50], as well as in clinical trials [51]. The beneficial ef-
control — 21d + 7d hUC-MSCs; 3d — 24h + 2d hUC-MSCs; 7d — 4d + 3d  fects of hUC-MSCs treatment are thought to be mediated through multiple
hUC-MSCs; 28d — 14d + 14d hUC-MSCs; 28 days — 21d + 7d hUC-MSCs;  mechanisms, including the ability of these cells to modulate the immune
7d — control hUC-MSCs; 4d + 3d hUC-MSCs - control hUC-MSCs. response, reduce oxidative stress and inflammation, promote tissue re-

pair and regeneration as well as inhibit fibrosis [52-55].
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Zhang et al. evaluated the therapeutic effect of hUC-MSCs at various
passages on acute liver failure in rats. The results showed that hUC-MSCs
transplantation enhanced the regeneration and inhibited the apoptosis of

hepatocytes in rats with acute liver failure. Moreover, the therapeutic ef-
fect of hUC-MSCs was better at passage 5 compared to passage 10 [56].
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Fig. 5. Levels of ALP in rat blood serum after LPS administration and the treatment with hUC-MSCs at different time points in U/L. A — comparison group #1,
B - comparison group #2; C — comparison group #3. Statistically significant differences between groups are presented in tables 9-11.

THE COMPARISONS OF ALP LEVELS BETWEEN DIFFERENT GROUPS ARE PRESENTED IN TABLES 9-11
Table 9. Differences in ALP levels in comparison group #1.

AST Control 3d 24h + 2d hUC-MSCs
+ +
Control X (p = 0.0008) (p = 0.0063)
+ +
3d (p = 0.0008) X (p = 0.0008)
+ +
24h + 2d hUC-MSCs (0= 010063) (0=0,0008) X

Note: «+» indicates the presence of statistically significant difference between groups.

Table 10. Differences in ALP levels in comparison group #2.

AST Control d 4d + 3d hUC-MSCs Control hUC-MSCs

+ + -

Control X (p = 0.0008) (p = 0.0404) (p = 0.7130)
7d + X + +

(p = 0.0008) (p = 0.0008) (p = 0.0008)
+ + +

4d + 3d hUC-MSCs (p=0.0404) (p = 0.0008) X (p =0.0357)

- + +

Control hUC-MSCs (p=0.7130) (p = 0.0008) (p = 0.0357) X

Note: «+» indicates the presence of statistically significant difference between groups; «-» indicates the absence of statistically significant difference.

Table 11. Differences in ALP levels in comparison group #3.

AST Control 28d 14d + 14d hUC-MSCs 21d + 7d hUC-MSCs
+ + +
Control X (p = 0.0008) (p = 0.0008) (p=0.0011)
28d s . i .
p = 0.0008) (p = 0.0008) (p = 0.0008)
+ + -
14d +14d hUC-MSCs (p = 0.0008) (p = 0.0008) X (p = 0.8336)
+ + -
21d +7d hUC-MSCs (p=0.0011) (p = 0.0008) (p = 0.8336) X

Note: «+» indicates the presence of statistically significant difference between groups; «-» indicates the absence of statistically significant difference.

Huang et al. report on the therapeutic effects of MSCs and their se-
creted molecules on two different models of liver disease in mice. Accor-
ding to the study, MSCs showed potential for treating fulminant hepatic
failure through immunosuppression and promotion of survival via interac-
tion with various inflammation-related cells, while its conditioned medium
exhibited potential for treating chronic liver fibrosis through down-regu-
lation of inflammatory responses and promotion of HSCs apoptosis [57].

Cai at al. in their study aimed to investigate the potential of bone
marrow-derived mesenchymal stem cells (BM-MSCs) in inhibiting hepa-

tocyte apoptosis after acute liver injury in a rat model. The results showed
that BM-MSCs transplantation increased the levels of anti-inflammatory
cytokines and reduced hepatocyte apoptosis [58].

Ayatollahi et al. investigated the antioxidant effects of BM-MSCs
against carbon tetrachloride-induced oxidative damage in rat livers. The
results showed that BM-MSCs significantly suppressed the oxidative
stress and increased the activity of antioxidant enzymes indicating their
potential therapeutic use in liver diseases associated with oxidative stress
[60].
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Ryu et al. investigated the potential therapeutic effects of tonsil- In the context of ARDS-induced liver injury, MSCs have been found to
derived mesenchymal stem cells (T-MSCs) on concanavalin A-induced  have additional benefits, such as reducing lung inflammation and improv-
acute liver injury in mice. The results showed that T-MSCs reduced liver ing lung function. This is likely due to the cross-talk between the liver and
damage and decreased pro-inflammatory cytokine expression [59]. the lungs, as both organs are affected by ARDS [61-63].

CONCLUSION

In summary, our findings suggest that hUC-MSCs have regenerative, anti-inflammatory, and antifibrotic effects on LPS-induced liver injury. The
severity of parenchymal destruction in the liver increases with the duration of time after LPS exposure. The regenerative effect of hUC-MSCs
was found to be greater in the group 14d LPS + 14d hUC-MSCs compared to the group 21d LPS + 7d hUC-MSCs. These findings suggest that
the administration of hUC-MSCs at an earlier time point (14 days) enhances their regenerative potential.

Overall, our study adds to the growing body of evidence supporting the therapeutic potential of hUC-MSCs in liver injury, and highlights the
\ advantages of these cells as a promising source for cell-based therapy.

The study was supported by the Ministry of Health of Ukraine as a part of the state-funded research work “Investigation of the regenerative potential of
cellular therapy agents in acute respiratory distress syndrome” (2021-2023, state registration number 0121U100159).
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MeseHxiMa/IbHi CTpOMaNbHI KIITHHY IYNHOBVHY TIOAUHN
3MEHIIYIOTh HACTIAKN iHJYKOBAaHOIO JTillONOIicaxapuaoM
MOLIKOKEHH MEeYiHKI Y IypiB

Pegpko O. C., losramok A. I, Kpamap C. b., He6ecna 3. M., Csepctiok A. C., Kopga M. M.

Teproninvcokuil HayioHanvHuti meduunuti ynisepcumem imeni I 5. Topbauescokozo MO3 Yipainu, Teproninv, Ykpaina

locTpuii pecnipaTopHuii AUCTPEC-CUHAPOM — L€ BAXKKUI KITIHIYHWA CTaH, SKUA 3AaTHUIA CIIPUYUHUTY 1101I0PraHHy HEAOCTATHICTb, BKIOYa0u
YPaXEHHA neYiHkn. [loka3aHo, Lo Me3eHXIManbHi cTpomanbHi knituhy (MCK) nyrnoBuHu n0AUHN MPOSBASAIOTL TEPANEBTUYHUIA NOTEHLIan
LOJ0 HU3KN XBOPOO 3aBAAKN CBOI 35aTHOCTI ANHEPEHLit0BATUCA Y PI3HI TUNKN KITITUH, & TAKOX CBOIM MPOTU3anaibHUM Ta iMyHOMOZYIATOP-
HUM BIacTUBOCTAM.

META IOCJIIAXEHHA: BcTaHosuTy noteHuian MCK mynoBuHn JlOANHN y JiKYBAHHI YDaXEHHS NEYiHKN LY PIB, BUKIMKAHOro ainonosicaxapu-
JAom (J111C).

MATEPIAJIN TA METOAMN. 3pini wypi-camyi ninii Wistar 6ynu BunagkoBum 4uHoM po3nogineHi Ha 9 rpyn: KoHTposb, 3 AHi, 7 AHIB 1a 28 AHIB
nicns iHTpaHasanbHoro BeeaeHHs JI1C, 24 roguun JITIC i 2 gHi MCK, 4 aHi JITIC i 3 gHi MCK, 14 gHig JIT1C i 14 grHis MCK, 21 gexb JITIC i 7 gHiB
MCK i koHTpone 3 gHi nicns BeeaeHHs MCK. 130nauis MCK i3 TkaHuHu nynoBuHu noguuu 6yna npoBeAeHa 3a 0noMorot (hepMeHTaTnBHOro
METOAY 3 BUKOpUCTaHHAM konareHasu |. MCK BBogunau iHTpaneputoHeansHo y f03i 1-10° knitur/kr macv Tina. CupoBaTkoBi piBHi anaHiHamiHo-
TpaHcehepasu (AJTT), acnaptaramiHoTpaHcghepasu (ACT) 1a nyxHoi gpocgpatasu (J1®0) BUMIpHOBann KiHeTU4HUM METOL0M. PiBHi renarouesnio-
JISPHOIO HEKPO3Y, YPaXKEHHSA CTPYKTYPU NMEYiHKU, BaKyoi3ayii renatounTiB, 3anaieHHs 1a JUCeMIHOBAHOTO BHYTPILLHbOCYANHHOTO 3CifaHHs
KpoBi ([]B3) Bu3Ha4anu 3a JOMOMOrok0 ricTONOMNYHOr0 aHasi3y 3pi3iB, 3a6apBeHNX reMatoKcuiHoM-e03uHoM. Excnpecito TGF-B1 y TkaHuHax
MEYIHKN OLIHKOBASIN IMYHOTICTOXIMIYHUM METOAOM.

PE3YJIbTATU. [lokniHi4He JOCTIAXEHHS MPOAEMOHCTPYBAIO, LU0 Tepanis 3 BukopuctaHHam MCK nynoBuHu noauHN 3HA4YHO MOKPALLYE (yHK-
Uito neyiHku i 3Hmxye JIN1C-iHAYKOBaHE ypaXKeHHs NeYiHkn y 1ypiB. [po 4e CBiAYMNI0 3MEHLLEHHS renaToLetoNIapHOro HeKPO3y, YPaXKeHHS
CTPYKTYPY MeYiHKN, BaKyonisayii renatoynTis, 3ananeHHs, 03Hak [B3, pibpo3y 1a 3HUXEHHS PIBHIB CUPOBATKOBUX MapkepiB nediHkn AJTT,
ACT 1a J1® y rpynax, nponikoBanunx MCK y nopiBHSIHHI 3 HENiKOBaHUMM rpynamn. [JOCigXeHHS TaKoX BUSBUIIO, Lo 3acTocyBaHHA MCK 6yno
0iNbLLI eQHEKTUBHUM HA OifTbLL PAHHIV CTAAIl YPaXEHHS NEYIHKN.

BUCHOBKW. Hawi pe3ynetatn cBig4ath, Lo Tepania 3 BukopuctaHHam MCK nynoBuuu nOAMHN Mae noteHyian ans nikysaxHs JIIC-
IHAYKOBAHOTO YpaxeHHs neyiHku. [lofansLiui JOCHIIXEHHS NOTPIOHI AN TOro, 106 kpalle 3p0o3yMiTn OCHOBHI MEXaHi3mu Ta BUSHAYUTH 110-
TeHLIas KIITUHHOI Tepanii'y KNiHiYHii npakTuLi.

\ KJTHOYO0BI CJI0BA: ypaxeHHs neqiHku, Me3eHXiMabHi CTPOManbHi KIITUHU MyNOBUHN JHOANHN, KNITUHHA Tepanis; ricToN0rYHuil aHani3 )
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