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¢ Relevance. Treatment of liver cirrhosis is an extremely important problem of modern medicine. Improvement
of liver function in this category of patients is important not only for hepatology, but also for surgery, since surgical
interventions on the liver in this pathology are often accompanied by the development of liver failure.

Purpose. To evaluate the effect of cell therapy on liver function in the experiment.

Materials and methods. The article presents the results of the experimental use of use of stem cells in simulated
liver cirrhosis. The experiment was performed on 132 female c57black mice, which were between 12 and 18 weeks
old. After forming a model of liver cirrhosis, in order to assess the effect of cell therapy on the function of liver tissue,
individuals were injected with stem cells through the vessels of the peripheral bed and intraportally. 30 days after
cell therapy, the blood levels of ALT, AST, alkaline phosphatase, plasma diene conjugants, plasma malondialdehyde,
plasma superoxide dismutase, and glutathione peroxidase were evaluated.

Conclusion. According to the findings, obtained in the experiment, the use of cell therapy against the background
of simulated cirrhosis of the liver contributed to a decrease in the severity of cytolytic and cholestatic syndromes,
stimulation of liver protein function, suppression of free radical oxidation and stimulation of the antioxidant system.
At the same time, the best effect was achieved when the cell structures were introduced not into the peripheral
vessels, but directly into the vascular bed of the liver.

¢ Keywords: liver cirrhosis; cell therapy; experimental improvement of liver function; effect of stem cells on liver
function.
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¢ Axmyanvrocmo. JledeHne UMppo3a MedeHN AB/IETCS KpajiHe BaXKHOI MPOO/IeMOlt COBpEMEHHOI MeMUI[MHBL.
Yiydinenue QyHKIUM [e4eH) Y HaHHOI KaTeropyuu OOMPHBIX MMeeT 3HaueHJe He TONMBKO IS TeIlaTONIOTUM, HO
U IJI XMPYPIUY, TIOCKOJIBKY OIlepaTMBHbIE BMELIATe/NIbCTBA Ha IIeYeH!U NpM IOJOOHOI IaTOMIOINN 3a4acTYIO CO-
MPOBOXKAAIOTCSA Pa3BUTIEM IeYeHOUHOI HeTOCTaTOYHOCTI.

IJenv — oueHUTDb BIMAHUE KJIETOYHOI Tepanyy Ha (PYHKIMIO [IeYeHU B SKCIIEPUMEHTE.
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Mamepuanvt u memoodvi. B cTaTbe IpefCTaBIeHbl Pe3yIbTAThl IKCIIEPUMEHTATIBHOTO MCCIETOBAHIS MCIIOb-
30BaHNsI CTBOJIOBBIX KJIETOK IIPY CMOJEMTMPOBAHHOM LIMPpO3e IedeHn. DKCIEePUMEHT OblI IpoBefeH Ha 132 MbI-
max-camkax muHnm C57black. Bospact >xuBoTHBIX — 0T 12 f0 18 Hep. ITocne popmmupoBanusa Mopeny Lupposa
HeYEHN C I[e/IbI0 OLEHKM BIVSHUS KIeTOYHOI Tepanny Ha QYHKINIO IIEYeHOYHO TKAHM 0COOSIM depe3 COCYHbl
nepudepryecKoro pyciaa ¥ BHyTPUIIOPTAIbHO ObUIM BBEIEHbI CTBOMIOBBIE KaeTKM. Yepes 30 cyT moc/ie KIeTOYHOM
Tepanun y ocobell olleH1BaIM aKTVBHOCTD alaHMHAMIHOTPaHC(depasbl, acapTaTaMIHOTpaHC(epasbl, Le/I0YHOI
docdatassl, CynepoKCUAMCMYTa3bl ITa3MBI 1 [Ty TATUOHIIEPOKCHAA3bl B KPOBH, YPOBEHD AVME€HOBBIX KOH'BIOI'ATOB
IUIa3Mbl, MaJIOHOBOTO IVa/IbAET Y a I/Ia3MBl.

3axniouenue. BbIZIO yCTAaHOBIEHO, YTO K/IETOYHAs Tepamus Ha (OHe CMOAEIMPOBAHHOTO LMPpPO3a IIeUYCHU
CIIOCOOCTBOBAIA YMEHDIIEHNIO BEIPAKEHHOCTHU IIMTONMUTIUIECKOTO VM XOMECTATUIECKOTO CHHAPOMOB, CTUMY/ISLINN
6e/1KOBOJI (YHKLMY TIeYeHY, [IOfJaB/IeHIIO IIPOLIeCCOB CBOOOTHOPAAUKATBHOTO OKMCICHNS ¥ CTUMYILALIUM aHTHU-
OKCHMIAHTHOJN cucTeMbl. IIpu aTOM Hamny4umit 3¢ ¢GeKT ObUI JOCTUTHYT, KOIfa KIETOYHbIE CTPYKTYPbl BBOAMIIN
He B Iepudepudeckue COCyAbl, a HEIIOCPEACTBEHHO B COCYAMUCTOE PYCTIO MeYeH.

+ KnroueBble c1oBa: OMppo3 II€Y€HN; KI€TOYHAsA TepanNsd; yIydlIeHmne (bYHKLU/II/I II€YE€HN B IKCIIEPVIMEHTE; BIIN-

AHME CTBOJJIOBBLIX KJIE€ETOK Ha qJYHKIH/IIO IICYECHN.

Introduction

Liver cirrhosis is becoming an increasingly
common pathology that occurs at the final stage
of chronic liver diseases [1-3]. Because of the lack
of drugs that can cease the development of liver
tissue fibrosis and significantly improve liver func-
tion, the search for alternative treatment methods
is imperative; one of which is cell therapy. Since
this treatment method is still under study, preli-
minary experimental studies are required to as-
sess its efficiency [4]. Currently, there is no con-
sensus on the mechanisms of the effect of stem
cells on the damaged organ. It is assumed that
both transdifferentiation of the injected cells [5]
and their fusion with normal cells of the organ
[6] are possible, as well as the implementation of
the two mechanisms described earlier [7]. In our
study, in addition to assessing the effect of stem
cells on the function of hepatic tissue, we com-
pared the methods of delivery of cell structures
to the recipient’s body. The researchers proposed
various methods of cell delivery, including intra-
venous and intrahepatic administration and ad-
ministration into the vascular bed of the liver and
spleen [8-10]. The administration of stem cells
into the peripheral vascular bed is an easier way,
but in this case, the cells survive not only in the
damaged organ but also in other organs and tis-
sues [11]. In our experimental study, we analyzed
the effect of stem cells on liver function in the case
of a liver cirrhosis model, comparing intraportal
and intravenous administration of stem cells.

The study aimed to assess the effect of cell
therapy on the functional state of the liver tissue
in the case of a liver cirrhosis model.
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Materials and methods

The experimental study was conducted on
132 C57 black female mice. The animals were 12
to 18 weeks of age. The rules of the European
Convention for the Protection of Vertebrate
Animals Used for Experimental and Other
Scientific Purposes were observed during the
experimental study. The animals were kept in
the vivarium of the university and had free ac-
cess to food and water. Surgical interventions on
animals were performed using general anesthesia.
The animals were also sacrificed under general
anesthesia by decapitation. Before the experi-
ment, 30 individuals were sacrificed (group 5) to
determine the normal indicators of free radical
oxidation and antioxidant system and isolate stem
cells by obtaining an aspirate from the femoral
and tibial bones of the animals. To obtain stem
cells, the diaphysis of the femoral and tibial bones
was washed with a solution containing 100 U/mL
of penicillin, 12 mM L-glutamine, 15% fetal bo-
vine serum, and 100 pg/mL of streptomycin. The
isolated cells were then placed in tubes contain-
ing the growth medium (5 mL) and centrifuged
for 10 min. After completing the centrifugation
process, the resulting precipitate was resuspended
in growth medium to 1-10° cells/mL. The cell
structures obtained were inoculated into 25 cm?
culture flasks, followed by cultivation in an incu-
bator (T = 37°C, 5% CO,). The cultivation was
completed upon achieving confluence. In total,
three cell passages were performed; the cell phe-
notype was confirmed by flow cytometry.

The remaining 102 individuals were divided
into three groups (34 individuals each), with the
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subsequent formation of a liver cirrhosis model
in each group. Liver cirrhosis was modeled
using 50% sovtol diluted in olive oil (0.25 mL
solution per 100 g of animal body weight) and
replacing drinking water with 10% C,H,OH
(V.A. Myshkin, RF patent 2197018) [12]. Thirty
days after the beginning of the model formation,
four individuals were randomly selected from
each group, which formed group 4 (n=12).
Group 4 was withdrawn from the experiment to
confirm the presence of liver cirrhosis. Group 1
received cell therapy with intravenous injection of
cell structures, group 2 received cell therapy with
intraportal injection of stem cells, and group 3
did not receive any therapy since they were used
to assess the possible spontaneous regression of
the model formed and confirm the integrity of
the experiment.

To assess the effect of cell therapy on the func-
tional state of the liver tissue before the start of
the experiment in the presence of the liver cir-
rhosis model and 30 days after the therapy, the
level or activity of albumin, alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase, plasma diene conjugates,
plasma malondialdehyde, plasma superoxide
dismutase, and blood glutathione peroxidase was
determined in the three groups. Statistical data
processing was conducted using the Statistica
10.0 and Microsoft Excel 2010 software package

Table 1/ Tabamua 1

with the use of the methods of variation statistics,
calculating the mean values (M), assessing the
probability of discrepancies (), and assessing
the significance of changes using Student’s test.
The difference in mean values was considered
significant at p < 0,05.

Research results

Before the start of the formation of the liver
cirrhosis model, the aforementioned blood
parameters were determined in all individuals.
All indicators were within the normal ranges, and
there were no significant differences between the
groups (p > 0.05). Blood biochemical parameters
were assessed in individuals of all three groups
30 days after the formation of a liver cirrhosis
model and then 30 days after liver cirrhosis
therapy. Table 1 presents the dynamics of ALT
activity during the experiment.

Table 1 shows that in the formed liver cirrhosis
model in all three groups, there was an increase
in ALT activity without significant differences
between the groups (p > 0.05). A decrease in
ALT activity was detected 30 days after therapy in
groups 1 and 2. At the same time, in the group with
intraportal administration of stem cells (group 2),
the decrease was more pronounced than in the
group with intravenous administration of cell
structures. In group 3, there was no tendency

Dynamics of alanine aminotransferase (ALT) indicators (U/L) in groups 1, 2, and 3 before the experiment,
against the background of liver cirrhosis, and 30 days after the therapy

AnHamuKa nokasareAei araHMHamMHoTpaHcepasbl (EA/A) B nepBoit — TpeTbe rpynmnax A0 9KCrepumeHTa,
Ha (poHe chopmmupoBaHMs LMppO3a MeyeHu U vepe3 30 CyT mocae Tepanuu

roup | Tmtdetnaton [y | S st | wedon | 2| U
Before the experiment 49.0 1.7 45.7 53.7 48.9 47.9 50.3
1 30 day§ after liver cirrhosis 144.8 2.3 139.8 149.7 144.8 143.3 146.6
formation
30 days after the therapy 110.0 1.3 107.3 113.2 110.1 109.3 110.8
Before the experiment 50.0 1.2 47.3 52.9 50.1 49.5 50.9
) 30 days after liver cirrhosis 144.9 2.1 140.3 149.6 144.6 143.7 146.3
formation
30 days after the therapy 74.8 1.3 71.2 77.4 74.8 74.3 75.5
Before experiment 49.0 1.4 45.8 51.7 49.1 48.5 49.6
3 30 day§ after liver cirrhosis 145.1 1.8 140.9 148.9 144.8 144.0 145.9
formation
30 days after the therapy 148.3 1.5 145.6 152.2 148.3 147.3 149.0
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Table 2 / Tabaumua 2

Dynamics of aspartate aminotransferase (AST) indicators (U/L) in groups 1, 2, and 3 before the experiment,
against the background of liver cirrhosis, and 30 days after the therapy

AuvHamMKa nokasareaei acnapraramuHoTpaHcgepasbl (EA/A) B nepBoi — TpeTbelt rpynnax A0 IKCNepUMeHTa,
Ha ¢hoHe hopMHpoBaHMs LMPPO3a MeueHH U Yepe3 30 CyT nocAe Tepanuu

I B e e B A
Before the experiment 78.2 2.4 70.6 81.4 78.5 77.0 80.2
] 30 day§ after liver cirrhosis 270.2 2.4 263.8 276.5 269.6 268.9 271.3
formation
30 days after the therapy 251.3 1.6 247.7 2542 2514 250.4 2524
Before the experiment 78.2 2.2 72.9 823 78.6 76.4 79.4
5 30 days after liver cirrhosis 270.0 3.1 264.1 274.6 270.2 268.2 273.0
formation
30 days after the therapy 200.3 22 196.1 205.5 200.1 198.9 201.7
Before the experiment 77.9 1.9 74.2 81.7 78.0 76.8 78.8
3 30 day§ after liver cirrhosis 270.3 2.4 265.0 274.7 270.5 269.2 272.1
formation
30 days after the therapy 273.8 1.5 270.9 276.9 273.6 272.8 274.8

toward a decrease in the indicator, which
confirmed the absence of spontaneous regression
of the model. All differences between the groups
were confirmed statistically (p < 0.05).

Table 2 presents the dynamics of AST activity
during the experiment.

In presence of the liver cirrhosis model, the
indices of AST and ALT were increased in all
groups without significant differences between
the groups (p > 0.05). Thirty days after therapy,
the greatest decrease in indicators was recorded
in the group with intraportal injection of cell
structures. In the group with intravenous ad-
ministration of stem cells, AST activity was also
decreased, but to a lesser extent than in group 2.
In group 3, the mean values of AST activity in-
creased mildly compared with the indicators
that were obtained in the case of the liver cir-
rhosis model, which confirmed the absence of
spontaneous regression of changes in the pre-
sence of the model.

Table 3 presents the changes in the activity of
alkaline phosphatase in the experimental study.

In the liver cirrhosis model of all groups,
the activity of alkaline phosphatase increased
without statistically significant differences be-
tween the groups (p >0.05). Thirty days after
the cell therapy in groups 1 and 2, a decrease in
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the alkaline phosphatase values was registered,
whereas in the group with intraportal adminis-
tration, the decrease in indicators was more pro-
nounced. In group 3, there was no tendency to
decrease, which confirmed the absence of spon-
taneous regression of the formed liver cirrhosis
model.

Table 4 shows the dynamics of the albumin
level in the study groups during the experiment.

Table 4 shows that in presence of the liver
cirrhosis model, the mean albumin values
decreased in all three groups (p > 0.05), which
confirmed the model formation. Thirty days
after the therapy, the albumin levels increased by
10.5% and 36.8% in groups 1 and 2, respectively.
In group 3, the indicators remained without
significant dynamics. Significant differences
were revealed between all three groups (p < 0.05).
The data presented demonstrate the effect of
cell therapy on the stimulation of liver protein
function, and intraportal administration of
stem cells was more effective than intravenous
administration.

In addition to analyzing the activity of ALT,
AST, ALP, and albumin level, the indicators of free
radical oxidation and the antioxidant system were
determined, including the concentration of plasma
diene conjugates and plasma malondialdehyde
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Table 3 / Tabauua 3

Dynamics of indicators of alkaline phosphatase (U/L) in groups 1, 2, and 3 before the experiment,
against the background of liver cirrhosis, and 30 days after the therapy

AnHamuka nokasateaei weAouHon pocdpatasel (EA/A) B nepBoi — TpeTben rpynnax A0 3KCrepUMeHTa,
Ha ¢hoHe hopMHpoBaHMs LMPPO3a MeueHH U depe3 30 CyT NocAe Tepanmu

Group | ot liain phosphatase achity | V9 | dovain | Minimum | Maximum | Median | (V| LB
Before the experiment 87.5 1.8 84.1 90.7 87.7 85.9 88.7
] 30 day§ after liver cirrhosis 229.8 2.1 226.1 234.4 229.4 228.3 231.2
formation
30 days after the therapy 221.0 25 216.8 228.0 221.1 219.6 22255
Before the experiment 86.9 1.7 83.0 89.5 87.3 85.8 88.3
) 30 days after liver cirrhosis 230.0 22 225.8 235.1 230.4 228.4 231.3
formation
30 days after the therapy 197.0 2.4 191.6 201.9 197.5 195.2 198.9
Before the experiment 86.7 2.1 82.6 91.5 86.4 85.7 87.9
3 30 day§ after liver cirrhosis 230.4 1.7 227.7 2345 230.4 228.8 231.8
formation
30 days after the therapy 240.9 1.9 237.2 245.0 2413 239.2 242.0
Table 4 / TabAnua 4

Dynamics of albumin indicators (g/L) in groups 1, 2, and 3 before the experiment, against the background of liver cirrhosis,

and 30 days after the therapy

AnHamuKa nokasateaen aAbOyMHHa (I/A) B NepBOH — TPeTbel IPynnax A0 SKCnepumeHTa,
Ha ¢hoHe hopmupoBaHus LMPpo3a neuenn u uepe3 30 cyT nocae Tepanum

Group Timing of det‘ermination Value Star.lde.lrd Minimum | Maximum | Median Lower Upper
of albumin level deviation quartile quartile
Before the experiment 3.9 0.9 22 5.5 3.8 3.1 4.9
1 30 days after liver cirrhosis 1.9 0.1 1.7 2.1 1.9 1.8 1.9
formation
30 days after the therapy 2.1 0.0 2.1 22 2.1 2.1 2.1
Before the experiment 3.9 0.8 2.5 5.5 3.9 34 4.4
) 30 days after liver cirrhosis 1.9 0.1 1.7 2.1 1.9 1.9 2.0
formation
30 days after the therapy 2.6 0.0 2.5 2.6 2.6 2.6 2.6
Before the experiment 3.7 0.7 2.2 5.0 3.7 3.1 4.2
3 30 days after liver cirrhosis 1.9 0.1 1.7 2.1 1.9 1.8 2.0
formation
30 days after the therapy 1.8 0.0 1.8 1.8 1.8 1.8 1.8

and the activity of plasma superoxide dismutase
and blood glutathione peroxidase.
Table 5 presents the changes in these indicators.
Table 5 shows that in the presence of the liver
cirrhosis model, the levels of diene conjugates and
malondialdehyde increased by 1.4 and 2.1 times,

Tom 12 ¢ N2 4 + 2020

respectively, and the activity of superoxide dis-
mutase and glutathione peroxidase decreased on
average by about two times, which confirmed the
formation of the model. Although 30 days after
cell therapy, the indices of free radical oxidation
decreased, and the indices of the antioxidant
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Table 5 / Tabamua 5

AuHammKa noka3sateAei NepeKMCHOTO OKMCAEHHS M AHTMOKCMAQHTHOM CUCTEMbI B TPYNNaX MCCAEAOBaHHS
Dynamics of peroxidation and antioxidant system indicators in the study groups

Diene conjugates Malondialdehyde Superoxide dismutase g g
: A ] Glutathione peroxidase
Group in blood plasma, in blood plasma, in blood plasma, in blood, U/ Hb
mmol/L mmol/L mmol/min - L 00¢, L8

Group 5 0.60 = 0.02 0.07 £0.02 1111.57 £ 119.6 362.97 + 18.3
(normal values)
Group 4 0.85 £ 0.04 0.15 £ 0.04 639.20 £ 75.5 174.01 £9.1
(liver cirrhosis model)
Group 1 0.70 £ 0.18 0.09 £0.03 675.95 + 134.5 189.21 £ 35.1
(30 days after the therapy)
Group 2 0.63 £0.12 0.08 £ 0.02 789.20 £ 186.7 242.47 £ 11.9
(30 days after the therapy)
Group 3 0.83 £ 0.02 0.18 £0.02 641.20 + 119.6 172.01 £ 18.3
(30 days after the therapy)

system increased in groups 1 and 2, and more
significant dynamics were revealed in the group
with intraportal administration of cell structures.
In group 3, the indices of free radical oxidation
and antioxidant system remained without sig-
nificant dynamics, which supported the stability
of the formed liver cirrhosis model. Significant
differences between the groups were confirmed
statistically (p < 0.05).

Discussion

The liver is a unique organ that has a great
aptitude for regeneration [13]. However, this ap-
titude decreases sharply with prolonged exposure
to a damaging agent. To date, there are no drugs
that can adequately help patients with diffuse liver
diseases, and often, orthotopic liver transplanta-
tion is the only chance to prolong life. However,
difficulties with the availability of donor organs,
the high cost of both the surgical intervention
itself, and the postoperative management of this
category of patients significantly reduce the avail-
ability of this type of treatment [14, 15]. Recently,
most researchers have paid special attention to
regenerative therapy, in which the efficiency is
primarily evaluated in experiments.

As a result of our study, during cell therapy, the
protein function of the liver improved, which was
associated with the possible transdifferentiation
of cell structures administered into hepatocytes
by many researchers [16-18]. In addition, the
use of cell technologies contributed to a decrease
in the activity of liver enzymes. Most authors
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confirm a similar effect when using cell therapy
[18, 19]. However, there is a significant difference
between the rate and degree of decrease in liver
enzyme activity, which is probably associated
with the use of different models of the formation
of diffuse liver diseases [18, 20, 21]. In addition
to analyzing the changes in blood biochemical
parameters, the indicator levels of free radical
and antioxidant systems were assessed, since
they are significant markers of toxic damage to
the liver tissue. During the cell therapy, a decrease
in the indices of free radical oxidation and an
increase in the activity of superoxide dismutase
and glutathione peroxidase were noted, which is
extremely important, since the accumulation of
lipid peroxidation products causes even greater
damage to liver cells, thereby aggravating the
course of the disease [22, 23].

In a comparative analysis of intravenous
and intraportal administration of stem cells, it
was found that a positive effect was achieved
in both cases. However, with the intraportal
administration, the improvement was more
significant, which could be because cell structures
can be partially fixed in various organs and tissues
with intravenous administration [24].

Conclusion

During our experimental study, it was revealed
that cell therapy in the case of a liver cirrhosis
model contributed to a decrease in the severity of
cytolytic and cholestatic syndromes, stimulation
of the protein function of the liver, suppression

Volume 12 ¢ Issue 4 ¢ 2020



of free radical oxidation, and stimulation of
the antioxidant system. Here, the best effect
was achieved when the cell structures were
administered not into the peripheral vessels but
directly into the vascular bed of the liver.
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