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ABSTRACT

The aim of our research is to prove, that the transplanted hepatocytes can survive and compensate for
inadequate liver function in experimental animals. Thesis discusses the basic principles of hepatocyte
transplantations, the process of their adaptation and effect on the organism as well as possibilities of their
further use as a promising treatment method.In the experiment we used hepatocytes isolated and produced
from explanted livers of laboratory rats. Hepatocytes form the basis of liver tissue and are responsible for

a number of metabolic processes ocurring in the liver, therefore is the possibility of their use as a cell therapy

one of the alternative treatment methods for liver failure.

Into the laboratory experiment, rats of the Sprague Dawleyspecies were placed, which we divided into

five groups of equal numbers. Groups consisted of healthy rats, rats after 2/3 liver resection and rats with
liver damage induced by intraperitoneal administration of thioacetamide.Two groups with impaired liver had
hepatocytes prepared in advance transplanted into their portal vein.Hepatocyte function was assessed in the
blood serum and compared with a control group of healthy animals and groups with liver damage without the
application of hepatocytes at the same time intervals.Whole experiment lasted 21 days. On the last day of
the experiment all the animals were killed by decapitation.Livers of all animals were explanted and sent for
histopathological analysis which used classical histological methods. After evaluating the results we observed
significant changes of evaluated laboratory levels in blood serum and weight in experimental animals after
the transplantation of hepatocytes in comparison with the laboratory results of the control group of healthy
animals and groups with liver damage without transplanted hepatocytes. The results of our experiment

show that by biochemical and histological analysis we managed to clearly prove the function of transplanted
hepatocytes in the model of laboratory rat with impaired liver function (Tab. 5, Fig. 17 , Ref. 17).
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Materials and methods

All experimental conditions of the experiment were in accor-
dance with the European rules of ethical standards of animal care.
The experiment was approved by the Ethics Committee of the
Faculty of Medicine of the University of PJ Safarik and the State
Veterinary and Food Administration of the Slovakia.

"Ist Department of Surgery, PJ Safarik University, Faculty of Medicine and
L Pasteur University Hospital, Kosice, Slovakia, >Department of Forensic
Medicine, PJ Safarik University, Faculty of Medicine and L Pasteur Uni-
versity Hospital, Kosice, Slovakia, *[Ind Department of Internal Medicine,
PJ Safarik University, Faculty of MEDICINE and L Pasteur University
Hospital, Kosice, Slovakia, and “Transplant Department, L Pasteur Uni-
versity Hospital, Kosice, Slovakia

Address for correspondence: Rastislav KALANIN, MD, PhD, Ist De-
partment of Surgery, PJ Safarik University, Faculty of Medicine and L
Pasteur University Hospital, Trieda SNP 1, SK-040 01 Kosice, Slovakia.

Experimental animals

40 male Sprague Dawley (SD) rats aged 10 to 12 weeks and
weighing from 250 to 500 grams were included in the experiment
(Laboratory of research biomodels at Faculty of Medicine of the
University of PJ Safarik).

Laboratory rats were randomly divided into five groups with
equal number of rats:
1. healthy rats — control group,
2. rats after 2/3 liver resection without application of hepatocytes,
3. rats after TAA (thioacetamide) liver damage without applica-

tion of hepatocytes,

4. rats after 2/3 liver resection with hepatocyte transplantation,
5. rats after TAA liver damage with hepatocyte transplantation.

In the observed groups of rats (group 2 and 4), we performed
2/3 liver resection according to Higgins and Anderson. Liver dam-
age in group 3 and 5 was achieved by intraperitoneal administra-
tion of TAA at a dose of 175 mg/kg. Before surgery, the rats were
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Fig. 1. Ligation of the portal vein before flushing. Source: author’s
archive.

Fig. 3. Abdominal cavity after 2/3 liver resection. Source: author’s
archive.

anesthetized using 15 mg/kg intraperitoneal dose of thiopental.
After surgery, intramuscular analgesics were administered daily
at a dose of 5 mg/kg of tramadol hydrochloride. After application
of hepatocyte cells, experimental animals were given daily im-
munosuppressive treatment with Mycophenolate Mofetil (Cell-
cept 23 mg/kg).

Evaluation of liver function

In all groups, we monitored laboratory parameters (ALT, al-
bumin, bilirubin) in the blood serum and weight changes during
the experiment. We measured the laboratory values at five time
points: at the beginning of the experiment, on day 1, 7, 14 and
21. Experimental animals were placed individually in cages with
free access to water and food. The rats were weaned from food
for 12 hours before surgery. We performed all procedures under
sterile conditions.

Preparation of hepatocytes

Biological material — liver was obtained from healthy male
Sprague Dawley rats. Laboratory rats were weaned from food 12
hours before surgery. The animals were put to sleep by adminis-
tering intramuscular thiopental at a dose of 15 mg/kg.

After opening the abdominal cavity and visualizing the vascu-
lar structures, we ligated the portal vein and subsequently placed
a cannula into the vein. The cannula was used to flush the liver
with approximately 100 mL of saline solution at a temperature
of 4 °C. After sufficient flushing, we removed the liver (Fig. 1).

The whole liver was washed 3 times in PBS (phosphate buffer
saline) and cut into 1x1 cm pieces in a Petri dish with collagenase
solution (5 mL). It was then transferred to 10 mL of stock colla-
genase solution and vortexed.

Subsequently, the tissue was incubated for 40 minutes, at 37
°C, in atmosphere of 5% CO, and 92% N,. After the hold time,
the whole tissue was filtered through filters (100 pm, 70 and 40
um). Then it was centrifuged at 400 g, for 10 minutes and 4 °C.
After centrifugation, about 3 mL of culture medium was added to
the tissue. The culture medium contained: 10 % FBS (fetal bovine
serum — Life technologies), penicillin (100 U/mL), (Gibco, Life
Technologies), streptomycin (100 mg/mL) (Gibco, Life Technolo-
gies) and Amphotericin B (250 ng/mL), (Gibco, Life Technologies)
and RPMI media (Gibco). After vortexing, the material was centri-
fuged again at 400 g, for 10 minutes and 4 °C. Subsequently, 500
pL of Diluent C (Sigma) and 500 pL of PKH26 dye (Sigma) were
added to the cell pellet. The pellet was incubated for 3 minutes,
and after incubation, 120 pL. FBS was added and the pellet was
incubated for 1 minute. Afterwards, 1 mL of culture medium was
added, and hepatocytes were centrifuged at 300 g, for 10 minutes,
washed with PBS, centrifuged again at 400 g, for 6 minutes, and
washed with DMEM medium (Dulbecco’s Modified Eagle Me-
dium), (Gibco, Life technologies). Finally, DMEM medium was
added to the cell pellet and this pellet was divided into Eppendorf
tubes, 500 uL each (one Eppendorf tube contained 1x10° cells).
Subsequently, primary hepatocytes were applied to the rats with
diseased part of the liver (1, 2).

Surgical performance of liver resection

After disinfecting the operating field, we opened the abdominal
cavity. Subsequently, we tied off three lobes (Figs 2 and 3). After
tying off the three lobes, we proceeded to perform 2/3 resection
of the liver (3). The operation had to be performed with minimal
blood loss. We performed the suturing of the abdominal cavity in
anatomical layers.
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Fig. 4. Thioacetamide.

Fig. 5. Transplantation of hepatocytes into portal vein. Source: author’s
archive.

Achieving liver damage with TAA

Thioacetamide (TAA) is one of hepatotoxins causing liver
damage. A single dose of TAA can induce necrosis, repeated ad-
ministration can lead to cirrhosis and liver cancer (4) (Fig. 4).

After the application of TAA, there was a significant increase
in serum activity of ALT, AST and ALP, which is a consequence
of damage to liver cells (5).

Before administration, the crystalline TAA had to be dissolved
in saline solution. We administered the prepared TAA solution to
experimental animals at intraperitoneal dose of 175 mg/kg. In
animals, we observed changes of laboratory parameters in blood
serum as well as weight changes.

Transplantation of the prepared hepatocytes

Same as with liver removal, laboratory rats were weaned from
food 12 hours before surgery. The animals received intramuscular
thiopental at a dose of 15 mg/kg.

After opening the abdominal cavity, we isolated the portal vein,
which was required for administration of the hepatocytes (6). We
administered 0.5 mL of a suspension of previously prepared hepa-
tocyte cells into the portal vein, using an insulin syringe (Fig. 5).

Injection into the portal vein had to be performed carefully,
as massive bleeding could occur with repeated injections (7). We
transplanted hepatocytes within 4 hours of their preparation to en-
sure their survival. During this time, the hepatocytes were stored
at the temperature of 4 °C.

Harvesting of the livers under observation

The duration of the experiment was 21 days, during which we
damaged the liver in the observed groups of experimental animals
by resection or by administration of TAA. We transplanted hepa-
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tocytes to selected groups and we monitored specific blood serum
parameters and weight of all laboratory animals. The last step was
the removal of the liver on day 21 of the experiment, which was
then sent for histopathological analysis.

Preparation of slides for histopathological analysis

Before transplantation, we marked the hepatocytes with a fluo-
rescent dye so that the transplanted hepatocytes could be detected
using electron microscope at the end of the experiment.

After removal of the liver, we divided each slide in two sam-
ples. Before observing the slides, the collected tissues were pro-
cessed and stained with hematoxylin/eosin for observation with
a light microscope and frozen for observation with an electron
microscope.

Staining of slides with hematoxylin/eosin

The harvested liver tissue samples were fixed for 48 hours in
10 % formaldehyde solution at room temperature. The samples
were processed using standard histological technique, embedded
in paraffin. Slices 3—4 um thick were cut from the prepared paraf-
fin blocks using a microtome, after deparaffinization the sections
were stained with HE. The slides were analyzed using NIKON
H550S Eclipse Ci light microscope with a MOTICAM 5 camera.

Preparation of slides for the electron microscope

The second group of slides observed with the electron micro-
scope had to be frozen immediately after removal of the liver and
observed for fluorescent staining, which can only be observed for
a short time. After this time, the staining was no longer visible.
For this reason, photographic records of the slides were made dur-
ing observation, where the transplanted hepatocytes marked with
a fluorescent dye were clearly visible.

Statistical methods

MS Excel 2021 and ArcusQuickstatBiomedical 1.1 software
were used for statistical processing and data analysis. All moni-
tored parameters were analyzed statistically - (ALT, bilirubin, al-
bumin and weight). For individual parameters, we calculated the
mean, number, standard deviation (SD), standard error of the mean
(SEM), minimum, maximum, median, quartiles, percentage (%).

To express the significance of differences in the mean values
of'selected indicators between individual groups, we used unpaired
t-test of for parametric data and non-parametric Mann-Whitney
test. To evaluate the differences between the means of individual
groups, one-way variance analysis, ANOVA variance analysis, or
two-way analysis of variance, one-way analysis of variance for
repeated measures, and the Newman—Keuls test. For all tests, we
chose p=0.05 as the level of statistical significance.

Tab. 1. Normal values from the blood serum of a healthy rat.

Normal values

Albumin 38-48 g/L
Bilirubin 3.42-9.4 mmol/L
ALT 0.29-0.51 pkat/L
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Tab. 2. Value of ALT in the healthy control group, in the control group with liver damaged by
resection, in the control group with liver damaged by TAA, in the group with liver resection

by 2/3 resection, treated with HC; group
5: animals with liver damaged by TAA,

and HC, in the group with liver damaged by TAA and HC.

treated with HC.

Healthy  Liver resection leebr d{};n‘iged LlV@rJ::ISgCUOH I{)lvi}r A(iiriafl? . Durlng surgery, the control groups of

y y animals with liver damaged by 2/3 resec-

Day 0 0.76 0.66 0.76 0.79 0.72 tion or by TAA application received 1 mL

Day 1 0.65 1291 16.89 12.89 21.57 £ sali lution into th ctal vein. All
Day 7 057 13.16 1655 8.46 1045 ot saline sofution mto the portal vein.

Day 14 0.53 13.19 20.08 1.87 476 animals were fasted for 12 hours before sur-

Day 21 0.71 11.55 16.98 0.87 0.95 gery, thiopental (15 mg/kg) was used for an-

Tab. 3. Value of Bilirubin in a healthy control group, in the control group with liver damaged
by resection, in the control group with liver damaged by TAA, in the group with liver resec-

tion and HC, in the group with liver damaged by TAA and HC.

esthesia during surgery. All procedures were
carried out under aseptic conditions. Post-
operatively, Tramadol Hydrochloride anal-

gesic was administered for three days. Dur-

ety Uerssmsion Liver damaged Liver resection Liver damaged ing HC treatment, Mycophenolate Mofetil
by TAA +HC by TAA + HC -
(Cellcept 23 mg/kg) was administered post-
Day 0 4.06 443 4.61 4.96 6.2 tively (8
Day 1 438 12.01 12.85 12.12 13.98 operatively (8). o
Day 7 225 1021 11.02 6.87 6.86 Serum albumin (ALB), bilirubin (BIL),
Day 14 3.08 10.96 12.33 535 4.75 alanine transaminase (ALT) and animal
Day 21 4.21 11.77 10.82 2.75 38 body weight were monitored during the
experiment (Tab. 1).
Results The blood sample was collected from the lateral tail vein of

The aim of the work was to monitor the possibility of cell
therapy in rats after liver damage. In one group of animals, the
liver was damaged by extensive 2/3 resection, in another group of
animals, the liver was damaged by intraperitoneal administration
of thioacetamide (TAA) at a dose of 175 mg/kg. After experimen-
tally induced liver damage, isolated fresh rat hepatocytes (HC) at
a dose of 10°/mL were applied into the portal vein on the second
day of treatment. There were 5 groups of animals observed in the
experiment, group 1 with healthy rats with undamaged liver, the
control group. Group 2: animals with liver damaged by 2/3 re-
section without treatment, group 3: animals with liver damaged
by TAA without treatment, Group 4: animals with liver damaged

the rats (9). Parameters were recorded before liver injury, on day
1 after injury (by 2/3 resection or intraperitoneal TAA adminis-
tration), when intraportal cell therapy was administered (HC),
and subsequently on days 7, 14, and 21. The experiment ended
on day 21 after the application of cell therapy. All animals were
euthanized by intraperitoneal thiopental and killed by decapita-
tion (10). This was followed by harvesting of the liver, which was
fixed in 10 % formaldehyde at room temperature for the next 3
days before further processing.

From day 7 after the application of cell therapy (HC), in all
treated groups with damaged liver (2/3 resection or TAA), the
values of BIL and ALT gradually decreased compared to the con-
trol groups with damaged liver without treatment. On the other
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— Liver resection

— Liver damaged by TAA

—— Liver resection + HC

—— Liver damaged by TAA + HC

Fig. 6. Value of ALT in the healthy control group, in the control group
with liver damaged by resection, in the control group with liver dam-
aged by TAA, in the group with liver resection and HC, in the group
with liver damaged by TAA and HC.

— Liver resection

— Liver damaged by TAA

—— Liver resection + HC

—— Liver damaged by TAA + HC

Fig. 7. Value of Bilirubin in a healthy control group, in the control
group with liver damaged by resection, in the control group with liver
damaged by TAA, in the group with liver resection and HC, in the
group with liver damaged by TAA and HC.
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Tab. 4. Value of Albumin in a healthy control group, in the control group with liver damaged
by resection, in the control group with liver damaged by TAA, in the group with liver resec-

tion and HC, in the group with liver damaged by TAA and HC.

experiment, which, however, did not mean a
statistically significant difference compared
to the value after inducing liver damage.

. . Liver damaged  Liverresection  Liver damaged Values of ALT in group 3 showed statis-
Healthy  Liver resection by TAA +HC by TAA + HC ) o ) .

y y tically significant changes during the experi-

Day 0 26.78 29.53 27.93 30.88 35.01 ment — 0.76 pkat/L before the start of the
Day 1 3491 32.55 28.27 24.76 32.68 . .

Day 7 3401 30.9 28.15 2833 3148 experiment followed b_y an increase to 16._89

Day 14 33.47 2437 29.07 2946 28.83 pkat/L after TAA administration, where liv-

Day 21 30.79 20.34 23.16 29.73 30.55 er damage was confirmed with statistical

Tab. 5. Weight in a healthy control group, in the control group with liver damaged by resec-
tion, in the control group with liver damaged by TAA, in the group with liver resection and

HC, in the group with liver damaged by TAA and HC.

significance of p < 0.001 and subsequently
persistent high ALT values throughout the
course of the experiment, at a value of 16.98
pkat/L on day 21 of the experiment, which,

Healthy  Liver resection LiV;r mged Liveirle{szmi"n I‘;iv?rr:ﬂaﬁ? however, did not mean a statistically signifi-
E _ cant difference compared to the value after
Day 0 453 447 461 470 430 the inducti £li d
Day 1 454 429 458 440 427 ¢ induction of iver damage.
Day 7 467 418 463 442 435 Values of ALT in group 4 showed sta-
Day 14 471 410 457 452 444 tistically significant changes during the ex-
Day 21 479 401 453 4ol 453 periment — 0.79 pkat/L before the start of

hand, the values of ALB and weight of animals in treated groups
increased.

The ALT values in the group 1 showed no statistically sig-
nificant changes during the experiment, 0.76 pkat/L before the
start of the experiment compared to 0.71 pkat/L at the end of the
experiment on the day 21.

Values of ALT in group 2 showed statistically significant
changes during the experiment — 0.66 pkat/L before the start of
the experiment, followed by increase to 12.91 pkat/L after 2/3
liver resection, where liver damage was confirmed p < 0.001 and
subsequently persistent high ALT values throughout the course
of the experiment up to a value of 11.55 pkat/L on day 21 of the

490
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450 -
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410
390 A
370 1

350 T T T T 1
Before Day 1 Day 7 Day 14  Day 21
experiment

— Healthy

— Liver resection

— Liver damaged by TAA

—— Liver resection + HC

—— Liver damaged by TAA + HC

Fig. 8. Weight in the healthy control group, in the control group with
liver damaged by resection, in the control group with liver damaged
by TAA, in the group with liver resection and HC, in the group with
liver damaged by TAA and HC.
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the experiment, an increase to 12.89 pkat/L

after 2/3 liver resection, where liver damage
was confirmed p < 0.001 and a subsequent decrease to 0.87 pkat
/L on day 21 of the experiment, confirmed by p < 0.001.

Values of ALT in group 5 showed statistically significant
changes during the experiment — 0.72 pkat/L before the start of
the experiment rising to 21.57 pkat/L after TAA application, where
liver damage was confirmed with p <0.001 and then decreased to
0. 95 pkat/L on day 21 of the experiment, confirmed by statistical
significance of p < 0.001 (Tab. 2, Fig. 6).

Similar significant results were found when observing the
values of BIL. In group 1 at the beginning of the experiment 4.06
mmol/L compared to the value of 4.21 mmol/L at the end of the
experiment, without statistical significance. Values of BIL group
2 showed statistically significant changes during the experiment
— 4.43 mmol/L before the start of the experiment, followed by
an increase to 12.01 mmol/L after 2/3 resection of the liver, p <
0.001, and subsequently persistently high BIL values during the

o O R W
Fig. 9. Slide from undamaged liver, without HC transplantation.
Source: author’s archive.
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Fig. 10. Liver necrosis after administration of TAA. Source: author’s
archive.
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Fig. 11. Necrosis at the edges of resected liver. Source: author’s archive.

- .

Fig. 12. Transplanted hepatocytes in liver damaged by TAA. Source:
author’s archive

entire course of the experiment up to the value 11.77 mmol/L on
day 21 of the experiment. Values of BIL in group 3 during the ex-
periment — 4.61 mmol/L before the start of the experiment, then
rising to 12.85 mmol/L after TAA administration, p < 0.001 and
persisting throughout the entire course of the experiment, value
of 10.82 mmol/L on day 21 of the experiment.

Fig. 13. Transplanted hepatocytes in the central vein. Source: author’s
archive.

Fig. 14. Slide from undamaged liver, without HC transplantation.
Source: author’s archive.

In group 4, the values were 4.96 mmol/L before the start of the
experiment, increased to 12.12 mmol/L after 2/3 resection of the
liver, p<0.001 and then decreased to 2.75 mmol/L on day 21 of the
experiment, p<0.001. In group 5, the values were 6.20 mmol/L at
the beginning of the experiment, followed by an increase to 13.98
mmol/L after TAA application, p < 0.001 and a decrease to 3.8
mmol/L on day 21 of the experiment, p < 0.001 (Tab. 3, Fig. 7).

Similar significant results were found when observing the
values of ALB. Group 1 showed no statistical significance (26.78
g/L and 30.79g/L at beginning of the experiment and at the end
of the experiment respectively). ALB values in group 2 (begin-
ning 29.53 g/L, decrease at the end 20.34 g/L), p < 0.01. ALB in
group 3 — 27.93 g/L decreased to 23.16 g/L, p < 0.01 on day 21
of the experiment.

In group 4 (beginning 30.88g/L, damaged liver 24.76 g/L,
end of experiment 29.73g/L), p < 0.01. In group 5 (beginning
35.01 g/L, damaged liver 32.68 g/L, after treatment 30.55 g/L),
p <0.01 (Tab. 4).

When monitoring weight, an increase was detected in groups
1, 4 and 5, but in the control group with liver damage and 2/3 re-
section and TAA, there was a decrease, p <0.001 (Tab. 5, Fig. 8).
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Fig. 15. Liver damaged by resection and administration of TAA without HC transplantation. Source: author’s archive.

Histological analysis of rat liver slides

Histopathological and microscopic image analysis was used
to evaluate the slides obtained from the removed rat livers, which
demonstrated the survival of the transplanted hepatocytes at the
end of the experiment. Two methods of evaluation were used -
with a light and electron microscope.

Observation of slides with a light microscope

Preparations from individuals without liver damage and with-
out HC application did not show any variations from the norm
(Fig. 9). Healthy hepatocytes are visible.

When the hepatotoxic substance TAA was administered in-
traperitoneally to healthy rats, we observed necrosis of the entire
liver tissue visible in Figure 10.

The slides from resected livers without HC transplantation
showed the presence of necrotic tissue at the resection edge only,
as shown in Figure 11.

Figures 12 and 13 show slides of liver tissue damaged by resec-
tion and administration of TAA. Both images show the central vein
where the presence of transplanted hepatocytes can be observed.

Electron microscope

In slides of liver tissue observed under the electron microscope,
we found the presence of transplanted hepatocytes stained red due
to the staining of hepatocytes by fluorescence labeling before the
transplantation itself. Figures 14 and 15 show slides in groups 1,
2 and 3 in which the prepared hepatocytes were not transplanted.
The detected stained transplanted hepatocytes were seen in Fig-
ures 16 and 17 in groups 4 and 5, which were transplanted with
hepatocytes after liver damage.

Discussion

In our experiment, we observed the effect of cell therapy in
rats, with livers damaged in two ways. In the first group, we dam-
aged the liver by extensive 2/3 resection of the liver, and in the
second group of individuals, we damaged the liver by intraperi-
toneal administration of thioacetamide. After the liver was dam-
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Fig. 16. Liver damaged by resection after HC transplantation. Source:
author’s archive.

Fig. 17. Liver damaged by TAA after HC transplantation. Source:
author’s archive.

aged by the methods described, we transplanted freshly isolated
hepatocytes by injection into the portal vein of selected groups of
experimental animals (group 4 and 5).

Control groups of animals after 2/3 resection of the liver, or
after the application of TAA were injected during operation in
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the same way with saline solution of the same volume into the
portal vein as a placebo. Individuals who underwent HC trans-
plantation were given daily immunosuppressive therapy in the
postoperative period.

During the entire course of the experiment, we monitored the
serum values of ALB, BIL, ALT and the weight of the experimen-
tal animals in all individuals at the same time point. We ended the
experiment on day 21. In the next step, the liver was harvested for
the purpose of histological evaluation of tissue samples.

Regarding the results, we observed a gradual decrease in BIL
and ALT in individuals who were transplanted with HC already
from day 7 of the experiment — when compared with the control
groups with damaged liver without treatment, and an increase in
the values of ALB and body weight in the treated groups.

After the end of the experiment, we evaluated the histological
preparations of all individuals, which were made from the livers
of individual rats in individual groups. In the control group of ani-
mals with undamaged liver, who did not receive cell therapy, no
deviations from the histological norm were noted.

In the group with liver damaged by administration of TAA and
without cell therapy, we observed necrosis of the liver parenchyma
in the histological image.

In the histological images of individuals after 2/3 liver resec-
tions without hepatocyte transplantation, necrotic changes were
noted at the liver resection line, the rest of the liver tissue was
intact.

In the groups of animals in which we damaged 2/3 of the liver
by resection or by administration of TAA and subsequently trans-
planted with HC, the transplanted HC (hepatocytes) were clearly
identified during the histological analysis, as we marked them
with a fluorescent dye in the preparation step before the actual
transplantation in order to identify them and prove their presence
in the particular tissues.

From the results described above, it follows that in our experi-
ment we clearly managed to prove the therapeutic effect of hepa-
tocyte transplantation in individuals after 2/3 liver resections and
also after TAA liver damage — through biochemical and histologi-
cal analysis of samples. The results of our experiment represent
a very promising basis for the possible future clinical use of this
therapeutic procedure in human medical practice.

However, the selection of the optimal location for hepatocyte
transplantation with regard to their survival and storage of hepa-
tocytes after harvesting remains a fundamental challenge (11).
In the future, it will be necessary to address the best procedure
for hepatocyte cryopreservation to ensure their availability when
needed by the patient, their sufficient viability after thawing, and
long-term longevity and stability after transplantation needs to
be resolved. An important step in the field of cell transplantation
could be the resolution to the problem of the body’s immunologi-
cal reaction to transplanted cells. At present, the encapsulation
method that does not require immunosuppressive treatment, ap-
pears promising.

Considering the fact that the studies published so far, focusing
on hepatocyte transplantation, demonstrate a relatively positive ef-
fect of this treatment method, it can be assumed that hepatocyte

transplantation will bring the desired treatment effect to patients
after extensive liver resections due to cancer, severe liver failure
(bridging to liver transplantation), chronic viral hepatitis, liver cir-
rhosis and chronic liver failure, liver graft rejection. Additional use
for this therapy may also be possible in patients with hereditary
liver conditions (12).

The available publications describes several options for select-
ing the target site for hepatocyte application. Most often, hepato-
cytes are administered either to the liver or to the spleen. Other
potential target sites for transplantation reported in the literature
are the peritoneal cavity, pancreas, skeletal muscle, salivary glands,
thyroid gland and, subcutaneous tissue, kidneys or fatty tissue
around the scapula (13). Hepatocytes transplanted to these places
have different levels of survival and functionality and provoke an
immune response of the host organism. This must be prevented
by immunosuppressive treatment.

From the point of view of survival of transplanted hepatocytes,
the best site for administration is the liver itself. Administration
of hepatocytes to the cirrhotic liver through the portal vein is de-
scribed as the most favorable method of application. However, in
the case of individuals with liver cirrhosis, a large proportion of
hepatocytes passes through the liver or via portocaval junctions to
other tissues, mainly the lungs, where they are destroyed, which is
associated with the risk of pulmonary embolism. Because of this
fact, it is absolutely necessary to exclude individuals with advanced
liver cirrhosis before transplantation of hepatocytes through the
portal vein. When hepatocytes are administered to the portal vein,
portal hypertension occurs for a few hours, but it resolves over time
(14). In hepatocyte transplantation, there is a generally accepted
rule the amount of hepatocytes that can be administered at one
time should not exceed the equivalent of 10 % of the liver tissue.
However, this procedure can be carried out repeatedly (13). When
hepatocytes are transplanted into the peritoneal cavity, necrosis of
these cells occurs very quickly (15). The hepatocyte survival rate
can be increased by protecting them with a biocompatible mem-
brane, the so-called encapsulation. The benefit of encapsulation
is that the administration of these hepatocytes does not cause an
immune reaction and does not require the administration of im-
munosuppressants (16).

Considering the above facts, when planning our experiment,
we decided to transplant hepatocytes into the liver parenchyma,
whereas we applied the hepatocytes into the portal vein of the
experimental animals.
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