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Abstract. The main objective of our experiment was to prove the effect
of mesenchymal stem cells of bone marrow (MSCs) on the stimulation of
liver regeneration. The attention has been paid to adaptation of stem cells
to the new environment and their transfer to anatomical structures. The
experiment included 40 male Sprague Dawley (SD) rats aged 10 to 12 weeks.
Biomodels were divided into five groups in the same number (n=8). Group 1
consisted of a control sample of eight healthy rats. Group 2 consisted of
eight rats after liver resection without application of MSCs. Group 3 was
after liver resection and application of MSCs. Group 4 after liver injury
induce with Thioacetamide (TAA), without transplantation of MSCs.
Group 5 was after chemical damage to the liver by TAA administration
and MSCs transplantation. The process of stimulation of the liver was
observed based on the laboratory values of alanine aminotransferase (ALT),
albumin and bilirubin. The weight of the rats in each group was also
compared. Animals were sacrificed after 1 day, 7 days, 14 days, and 21 days.
In our experiment we found a statistically significant decrease in ALT
(P<0.001) and bilirubin (P<0.001) was observed in the groups 3 and 5
(treated with MSCs) compared to the groups without MSCs (Groups 2 and 4).
The increase in the albumin levels in the groups 3 and 5 was statistically
significant. The results of our experiment led us to the conclusion, the
transplantation of MSCs has important effect for the treatment and
stimulation of liver regeneration following injury. MSCs administration may
be extremely useful in a number of clinical applications in the treatment
of liver tumors. It will allow us to perform extensive resection of the liver
without risk of liver failure
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INTRODUCTION

Recent research findings highlight the potential for the
use of stem cells in the future [1]. Mesenchymal stem
cells are multipotent cells able of self renewal and
differentiation into several cell lines, including chon-
drocytes, osteoblasts and adipocytes. This type of stem
cells isusually isolated from bone marrow, they can also
be obtained from several neonatal and adult tissues,
including umbilical cord, and fat tissue [2]. Under rare
conditions, adult SCs can be reprogrammed and produce
cell lines different from the original tissue. This phenom-
enon is called plasticity of stem cells. A change in the
differentiation potential occurs when the stem cell leaves
its original site and settles in the new tissue and then un-
der the influence of new signal molecules, it can change
the destiny of the stem cell so much that it starts pro-
ducing different cell lines [3; 4]. All these properties of
MSCs, together with the enormous ability to differentiate
into specialized cells - in our case hepatocytes — make
them the most suitable candidates for cell therapy in the
area of liver regeneration [5; 6].

Primary liver cancer is the second leading cause
of cancer related death worldwide and therefore a major
public health challenge. Primary liver cancer includes
hepatocellular carcinoma, intrahepatic cholangiocarci-
noma, and other rare tumors, notably fibrolamellar car-
cinoma and hepatoblastoma [7]. The tumor size is one of
the important predictive factors affecting treatment and
early diagnosis is decisive for favorable prognosis [8].

In the liver tumors, the liver resection is the most
effective treatment. Statistics show that curative resec-
tion is possible in about 47% of the patients with pri-
mary liver cancer, about 20% of the patients are inoper-
able before surgery, and 33% of the patients at surgery.
The result of liver resections depends to a large extent
on the functional capacity of the remaining liver resi-
due. It is known that 20% of healthy liver is sufficient to
maintain liver function after resection. In a cirrhotic liver,
a minimum of 40% well-perfused liver-volume must re-
main in situ after resection. Liver resections in cirrhotic
patients show a significantly increased mortality and
morbidity, the functional capacity of the remaining liver
residue is substantially reduced. Postoperative liver failure
is the most serious and life-threatening complication after
liver resection [9].

Existing experimental studies on mice by M. Kaibori
et al. [10], “attempted to stimulate liver regeneration by
stem cell transplantation (SCs) taken from bone marrow
of mice. After isolation of SCs, they were subsequently
transplanted by injection into two experimental groups.
In the first experimental group the MSCs were trans-
planted by injection into the portal vein. In the second
experimental group the MSCs were transplanted by
injection into the tail vein, and in the third control group
physiological solution was injected into the portal
vein” [10] performed 70% of hepatectomy, which was
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described by Higgins and Anderson [11]. The mice were
divided into three groups as listed and individual solu-
tions were injected into the liver immediately after hepa-
tectomy. In the experiment, they focused on assessing
the liver regeneration according to the size, liver tis-
sue histology, and statistical analysis of the results.
Transplantation of MSCs has shown a great promise to
improve the tissue regeneration in various acute and
chronic diseases [10].

The main purpose of this study was to confirm and
manifest the effect of bone marrow-derived mesenchymal
stem cells on the stimulation of liver regeneration after
injury.

MATERIALS AND METHODS

All the experimental conditions of the experiment were
in compliance with the European rules of ethical stan-
dards of animal care. The experiment was approved by
the Ethics committee of the Faculty of Medicine, Univer-
sity of Pavol Jozef Safarik, and the State Veterinary and
Food Administration of the Slovak Republic. Forty male
Sprague Dawley (SD) rats at the age of ten to twelve
weeks with an initial weight of 250 to 350 grams were
included. The biomodels were randomly divided into
five groups in the same number (n=8):

Group 1: Healthy rats were a control group.

Group 2: Rats after radical resection of the liver without
application of MSCs.

Group 3:Rats after radical resection of the liver with
application of MSCs.

Group 4: Rat after liver damage with TAA (thioacet-
amide) induction without application of stem cells.

Group 5: Rat after liver damage with TAA induction
with application of stem cells into the liver.

Mechanical damage of the liver - liver resection.

At liver resections in experimental rats we proceeded
taken into account the individual lobes of the liver. The
experimental animals used in the study began to starve
12 hours before surgery, in the morning we took away
water. The animals were anaesthetized by intramuscular
administration of Thiopental at a dose of 15 mg/kg, after
which the experimental animals were placed in the in-
cubator for 10-15 min.Once the required depth of anaes-
thesia had been reached, we started operating. After plac-
ing the experimental animal on the operating table, we
prepared an operating field. We performed a laparotomy.
After opening the abdominal cavity, we performed radical
resection of the liver by ligating the individual lobes
of the liver and then resecting them (Fig. 1, 2). Hepatic
resections in the rats of the groups observed were per-
formed at the range of 70% as described Higgins and
Anderson [11]. Hepatic impairment by TAA (Thio-acet-
amide). TAA is a chemical used to make catalysts, sta-
bilizers, polymerization inhibitors, galvanic cells, pesti-
cides, and dyes. It seriously damages the liver [12].
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Figure 1. Ligation of the liver lobe - hemihepatectomy

Twenty-four hours before the intraperitoneal
administration of TAA, we took blood from the tail vein
approximately 2 ml for laboratory testing of ALT, bilirubin,
and albumin. Subsequent samplings were performed
24 hours after TAA administration on days 1, 7, 14,and 21.
The hepatic damage was induced by intraperitoneal TAA
at the dose of 175 mg/kg [13]. The experimental animals
were separated and labelled. The weight loss in a given
group due to induced liver failure was continuously de-
tected. Before the surgery, the animals were anesthetized
using the intraperitoneal administration of thiopental.
As an analgesic, tramadol hydrochloride (Grlinenthal
GmbH, Aachen, Germany) was administered intramuscu-
larly at a dose of 5 mg/kg in the post-operative period.

- -
Figure 3. Application of MSCs to the v. portae

The experiment was continuously finished on
day 21 after transplantation of the MSCs. The rats were
anaesthetized with an increased dose of thiopental an-
aesthesia, and then the animals were sacrificed by de-
capitation. The liver collection itself was performed after
the preparation of the field under aseptic conditions. In
rats after the previous resection, only the remaining part
was resected, which was 20-30%. In rats with chemical
damage of the liver after TAA administration, hepatectomy
was performed.

RESULTS AND DISCUSSION

The results were obtained by comparing the ALT, albumin
and bilirubin values in the individual groups of experimental
animals, typification of mesenchymal stem cells, histo-
pathological and microscopic analysis.

Figure 2. Condition after liver resection

Allthe animals in the study began to starve 12 hours
before the stem cell application. As anaesthetic used
thiopental 15 mg/kg. After preparation of the operating
field, the longitudinal incision opened the abdominal
cavity from the processus xiphoideus downwards. Sus-
pension of mesen-chymal stem cells was given via an
insulin syringe to the vena portae. The MSC suspension
(1x106 in a volume of 1 ml of culture solution). In the
experimental rats after previous liver resection, the stem
cells were applied to the vena portae. In the experimental
rats with chemical impairment of the liver by TAA, the stem
cells were also transplanted into the vena portae (Fig. 3,
4). The abdominal cavity wall was closed in individual
anatomical layers.

Figure 4. Presented v. portae

Group 2 - the experimental rats with mechanically
damaged liver after resection without MSCs transplan-
tation - in this group an increase in the laboratory ALT
values, bilirubin and, on the contrary, a decrease in the
albumin values was observed;

Group 3 - the experimental rats with damaged
liver after resection and with MSCs transplantation - in
this group, an increase in the laboratory values of ALT,
bilirubin immediately after resection was observed. In
the following days, ALT and bilirubin decreased and
albumin increased. This result demonstrates the thera-
peutic effect of transplanted mesenchymal cells and their
positive effect on the liver regeneration.

Group 4 - the experimental rat with the liver
chemically impaired with TAA without MSCs transplanta-
tion - in this group, likewise in the group 2 an increase
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of laboratory values of ALT, bilirubin, and, on the contrary,
decreases in the albumin values were observed. In the
following days, the values did not alter as regards ALT
and bilirubin. The albumin value did not increase.
Group 5 - the experimental rats with damaged
liver by TAA application with MSCs transplantation - in

this group, an increase in laboratory values of ALT, bili-
rubin was observed after resection. In the following days,
a decrease in the ALT and bilirubin values,and an increase
in albumin were observed. The graphical representation
of our results is at Tables 1-4 and in Figures 5-12.

Table 1. The alanine transaminase (ALT) values obtained in the individual monitored groups

0 day 1t day 7t day 14*day 21 day
Group 1 0.76 0.65 0.57 0.54 0.71
Group 2 0.66 12.92 13.16 13.19 10.41
Group 3 0.59 12.5 792 3.43 221
Group 4 0.73 16.89 16.25 20.08 16.98
Group 5 0.69 20.85 14.44 4.69 1.48

Table 2. The albumin values obtained in the individual monitored groups

0 day 1t day 7* day 14t day 21 day
Group 1 26.78 34.91 34.21 33.47 30.79
Group 2 29.53 34.25 30.90 24.37 19.82
Group 3 28.48 34.22 29.43 26.76 22.73
Group 4 29.73 29.27 28.15 29.07 23.16
Group 5 39.25 2723 32.65 29.12 29.99

Table 3. The bilirubin values obtained in the individual monitored groups

0 day 1stday 7* day 14t day 21 day
Group 1 4.06 4.38 2.25 3.08 421
Group 2 3.47 12.01 10.21 10.25 11.77
Group 3 4.43 12.22 5.33 5.73 4.01
Group 4 461 12.85 10.85 10.85 10.82
Group 5 5.07 14.12 6.96 4.95 3.2

Table 4. The weight values obtained in the individual monitored groups

0 day 1stday 7* day 14t day 21%day
Group 1 435.25 454.87 467.375 471.87 479.75
Group 2 447.75 429.5 418 410 401.37
Group 3 435.125 431.12 435 442 448.62
Group 4 430.62 452.62 463.12 4575 454.12
Group 5 436.25 423.37 432.5 442.37 452.64
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Figure 5. Graphical evaluation of ALT

45
40
35
30
25
20
15
10

(9]

0 day 1+ day 7t day 14" day 21% day

EGroupl ®Group2 ®Group3 Group4 ®=Group 5

Figure 6. Graphical evaluation of the mean values of albumine
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Figure 7. Graphical evaluation of bilirubin
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Figure 8. Weight dependence chart
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Figure 9. The graphic evaluation of the alanine transaminase (ALT)

45
40
35
30
25
20
15
10

—Group 1

& ————— —Group 2

E : —@Group 3

——Group 4

Group 5
0 day 1% day 7" day 14% day 21% day

Figure 10. The graphic evaluation of the albumin
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Figure 12. The graphic evaluation of weight

Evaluation of histological preparations. At the  damage with TAA with the group 5 (Fig. 15, 16). The
preparation staining with Hematoxylin and Eosin the liver tissue after resection in the group 2 is incompact
second group preparations were compared with those in  and congested at several sites compared to the group 3.
the group 3 (Fig.13,14),and the group 4 - after hepatic

Figure 13. Liver tissue (group 2) magnification 100x
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Figure 15. Liver tissue ( group 4) magnification 40x

The evidence of the presence and transfer of stem
cells using the electron microscope. After administration
of mesenchymal stem cells to experimental animals,
we observed the penetration of these cells and their
subsequent growth. The mesenchymal stem cells (MSC)

Stimulation of the liver regeneration with bone marrow mesenchymal stem cells

inoculated into the damaged liver transferred from
the site of administration through the vena portae to
all areas of the liver. The nuclei of all cells present in
the liver are blue-shining, and the MSCs nuclei are red
shining (Fig. 17, 18).

Figure 17. Displayed nuclei of all cells of the liver

The liver has permanently attracted people's atten-
tion,the Greeks have already recognized the inexhaustible
feature of the liver-regeneration, whose principles have
still being studied [14].The liver has an irreplaceable role
in the living organism. Like other organs, it is subject to
various diseases: genetic, traumatic, inflammatory, and
cancerousdiseases.There are several types of tumoursin
the liver, both benign and malignant. The most appropriate
healing method for liver tumours, including carcinomas,
is radical resection of the liver. Hepatic carcinoma often
occurs in the cirrhotic liver, thus the functional capacity
of the left cirrhotic remains of the liver is significantly
reduced that increases the mortality and shorten the
patient survival time [15]. A serious problem with Lliver
cancer is therefore the possibility of performing radical
surgical resection and leaving sufficient functional pa-
renchyma of the liver. To support the liver regeneration
after extensive resections, the possibility of treatment
with the application of mesenchymal stem cells is being
investigated [9; 16].

Scientific Horizons, 2021, Vol. 24, No. 5

Figure 18. Nuclei of MSCs in the liver

Stem cells are primarily undifferentiated cells ca-
pable of self-regeneration and differentiation to other,
more specialized cell types. In the experiment, mesen-
chymal stem cells (MSCs) were applied to experimental
animals.The bone marrow mesenchymal stem cells with
differentiation potential to four lineages (mesenchymal
and vascular smooth muscle lineages), and stromal and
immunomodulatory capacities, the stem cell attributes
are multipotentiality, self-renewal, tissue regeneration,
population heterogeneity,plasticity. These stem cells are
relatively easy to isolate, the source for their isolation is
well available, the cells proliferate well in the cultures,
but the resulting population is considerably heteroge-
neous [17; 18]. The experimental studies on mice by
M. Kaibori et al. [10] attempted to stimulate the liver
regeneration by transplanting MSCs taken from the bone
marrow of mice. Autologous transplantation of MSCs has
shown a great promise to improve the tissue regeneration
in various acute and chronic diseases. The treatment
has shown improvement in the liver regeneration in acute




and chronic forms of the disease in both preclinical studies
and pilot clinical trials. The stem cell therapy can provide
effective treatment and facilitate regeneration after re-
section of the liver, or before resection. The study by
M. Kaibori et al. 2012 [10] explained the important role
of stem cells in the liver regeneration after extensive
resection of the liver.

CONCLUSIONS

Based on the available literature and various clinical
and preclinical studies, we have also progressed in our
experiment. The stimulation effect of MSCs on the liver
regeneration was observed based on the laboratory values
of alanine aminotransferase (ALT), bilirubin, and albumin,
control of the experimental animal weight, and histol-

Vidovd Ugurbas et al.

ALT (p<0.001) and bilirubin (p<0.001) values in the groups
of the rats treated with stem cells was observed and
compared to the groups without stem cell transplan-
tation. As well, a statistically significant increase in al-
bumin in the groups after application of mesenchymal
stem cells was found, p<0.001.The results of the experi-
ment lead to the conclusion that mesenchymal stem
cells have a significant effect on the liver regeneration
after its damage. The electron microscopy revealed the
transfer of mesenchymal stem cells from the applica-
tion site to the site of their action and differentiation.
In the future, it is worthwhile to examine the other
properties of stem cells, to continue experimental stud-
ies and then to apply this knowledge to the medical
practice. Stem cells represent a major advance in the

treatment of liver tumours and stimulation of the liver
regeneration.
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CTnMmynsauia pereHepauii ne4yiHKU 3a 4ONOMOroio
Me3eHXiMalIbHUX CTOB6YPOBUX KNiITUH KiCTKOBOIro MO3KY

Maprtina BigoBa Yryp6aw??, lHa KatioxoBa'?, lapuHa MeTpawosa?,
Times Cnakosat, Mosed PapoHak!?

Ynisepcuet Masna Moseda LLlapapuka B Kowmue
040 11, Trieda SNP 1, M. Kowwnue, CnoBaubka Pecnybnika

2YHiBepcuTeTCbKa nikapHs iMeHi J1. Mactepa B Kowwue
040 11, Trieda SNP 1, M. Kowwnue, Cnoeaubka Pecnybnika

AHotauis. OCHOBHOK METOK AAHOro eKCnepuMeHTy Byno [OBeCTU BMIWB Me3eHXiMasbHUX CTOBOYPOBMX KNTITUH
KictkoBoro Mo3ky (MCK) Ha ctumynsuito pereHepalii neviHku. MpuaineHo yeary aganTadii croBOypoBMX KITiTUH 4O HOBOrO
cepefoBMLLA Ta X NepeHeCceHHs B aHATOMIYHI cTpykTypu. EkcnepumenT Bkatoyas 40 camuis wypis Cnper-Ooyni (CO)
BikoM Big 10 no 12 tmxHiB. bBiomopeni 6ynu posaineHi Ha n'aTb rpyn y o4HaKoBI KinbkocTi (n=8).Tpyna 1 cknaganacs
3 KOHTPOJ/IbHOI NPO6M 3 BOCbMUM 34,0pOBMX LLYPIB. 2 rpyna CKlaganacs 3 BOCbMU LWypiB Nicng pesekuii neviHku bes
3actocyBaHHs MCK. 3 rpyna 6yna nicnsg pesekuii neviHku 1a 3actocyBaHHa MCK. [pyna 4 — nicns ypaxeHHs neviHku
iHAayKyroTb TioaueTamigom (TAA), 6e3 TpaHcnnaHTauii MCK. 5 rpyna 6yna nicns XiMiuHOro ypaxeHHs NeYiHK1 BBELEHHIM
TAA Ta TpaHcnnaHTauieto MCK. MNpouec ctTumynsuii nedviHkK cnocTepirany Ha NiacTaBi 1abopaTopHMX NMOKA3HUKIB
anaHiHamiHoTpaHcdepasmn (AJT), anbbyMiHy Ta 6inipybiHy. TakoX NOPiBHIOBANM Bary LYpiB Yy KOXHiKM rpyni. TBapuH
3abusanu yepes 1 geHb, 7 AHiB, 14 gHiB i 21 geHb. Y HalloMy eKcnepuMeHTi 6yN0 BUSIBNEHO CTaTUCTUUYHO 3HauyLLe
3HMKeHHs piHs AJIT (P<0,001) i 6inipybiHy (P<0,001) y rpynax 3 i 5 (nikyBaHHs MCK) nopiBHsiHO 3 rpynamu 6e3
MCK (rpynu 2 i 4). MiaBuLeHHS piBHSA anbbyMiHy B rpynax 3 i 5 6yno cTaTUCTMYHO 3HaYyWwmM. Pesynstati Lboro
eKCnepuMeHTy NpUBENU A0 BUCHOBKY, WO TpaHcnnaHTauia MCK Mae BaxnnBui eekT Ans nikyBaHHA Ta CTUMynauii
pereHepalii neyiHku nicns Tpasmu. BeeneHHs MCK Moxe 6yTH Hag3BUYAMHO KOPUCHWM Y pALi KNiHIYHWMX 3aCTOCYBaHb
y NiKyBaHHi NMyX/IMH NeyiHku. Lle 003BONMTb BUKOHATM 0BLLMPHY pe3eKLito nediHki 6e3 pu3nKy neyviHKoBOi HeLoCTaTHOCTI

KniouoBi cnoBa: cToBOYpOBi KNiTUHK, TioALLETaMif, pe3eKLis NeviHKu, pereHepaLis neviHku
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