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Summary

Acute liver failure (ALF) is a clinical condition with very high
mortality rate. Its pathophysiological background is still poorly
understood, which necessitates a search for optimal experimental
ALF models with features resembling those of the human
disorder. Taking into consideration reproducibility of induction of
ALF, adequate animal size, cost of animals, the required time gap
between insult and death of animals (“therapeutic window"),
potential risk to investigator and other aspects, administration of
thioacetamide (TAA) in rats is currently most recommended.
However, the fundamental details of this ALF model have not yet
been evaluated. This prompted us to investigate, first, the course
of ALF as induced by intraperitoneal TAA at doses increasing
from 175 to 700 mg/kg BW per day. The animals’ survival rate,
plasma alanine and aspartate aminotransferase activities, and
bilirubin and ammonia levels were determined over the follow-up
period. Second, we examined whether Wistar and Lewis rats
exhibit any differences in the course of ALF induced by different
TAA doses. We found that the optimal dose for ALF induction in
rats is 350 mg.kg! i.p., given as a single injection. Wistar rats
proved more susceptible to the development of TAA-induced ALF
compared with Lewis rats. Collectively, our present findings
provide a sound methodological background for experimental
studies aimed at evaluation of pathophysiology and development
of new approaches in the therapy of ALF.
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Introduction
Acute liver failure (ALF)
characterized by rapid and severe deterioration of

is a condition

hepatocyte function in patients with originally normal
ALF is
encephalopathy and mortality rate as high as 80 %, even
if intensive care is provided (Wu et al. 2010, Lee 2012,
Tritto et al. 2012, Wlodzimirow et al. 2012, Bernal and
Wendon 2013). Urgent orthotopic liver transplantation

liver function. accompanied by hepatic

has been demonstrated as the most effective therapy for
ALF, however, this treatment option is limited by scarcity
of donor organs. This problem is best documented by the
fact that in the United States of all the patients with
severe liver failure (i.e. those scored >30 in the Model for
End-Stage Liver Disease), waiting for transplantation,
about 20 % die before obtaining a donor liver (Kim et al.
2006, 2010, Berg et al. 2011, Wlodzimirow et al. 2012).
Therefore, other treatment approaches, such as e.g.
application of bioartificial livers, have been considered to
bridge the time gap to transplantation or
regeneration (Bonavita et al. 2010, Tritto et al. 2010, Yu
2012, Bafarez et al. 2013). However, the
effectiveness of the new methods for treatment of ALF

liver
et al.

has not yet been convincingly demonstrated
(Wlodzimirov et al. 2012, Bafarez et al. 2013) and
current knowledge of the pathophysiology of ALF is still
limited (Wu ef al. 2010, Bernal and Wendon 2013).
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Therefore, to evaluate new therapeutical means for
treatment of ALF there is an obvious need for functional
studies using animal models. Numerous studies have
been performed in an attempt to develop optimal models
to study pathophysiology of ALF, both in large (dogs,
goats and pigs) and small (rats and mice) animals. To
induce liver injury needed for the development of ALF
surgical techniques or hepatotoxic drugs were applied
(Butterworth et al. 2009, Ryska et al. 2009, 2012, Tufiéon
et al. 2009, Kawahara et al. 2010, Pantoflicek et al. 2012,
Prazak et al. 2013). After considering factors like
knowledge of the genomes, accessibility for physiological
and biochemical measurements, life span of animals, and
economical acceptance, a consensus has been reached
(similar as in cardiovascular research) (Zicha and Kunes
1999, Zicha et al. 2012) that laboratory rat is the animal
species most suitable for studies of ALF.

After considering other aspects of research, such
as demand on technical skills of the investigator and costs
of induction of suitable liver injury, the usage of
hepatotoxic drugs is increasingly recommended for
studies aimed to explore pathophysiology and new
treatment approaches in ALF (Butterworth et al. 2009,
Tuiién et al. 2009). Furthermore, among all the chemical
agents examined, thioacetamide (TAA) is the one most
recommended for induction of ALF (Butterworth et al.
2009, Tundn et al. 2009). TAA has long been known as
a hepatotoxicant; its biotransformation to thioacetamide
sulfoxide (TAAS) occurs along the cytochrome P-450
(CYP)-dependent pathway (a CYP2E enzyme is mainly
involved here), TAAS is subsequently converted to
thioacetamide disulfoxide, a toxic reactive metabolite
(Koen et al. 2013). These reactive metabolites covalently
bind to liver macromolecules and dramatically increase
the production of reactive oxygen species which then
induce acute centrilobular liver necrosis (Koen et al.
2013).
wide

Surprisingly, a range  of

intraperitoneal (i.p.) TAA doses was injected (as a single

very

or divided dose) in rats in order to induce ALF; whether
the course of TAA-induced ALF is dose-dependent has
never been established (Basile et al. 1990, Celik et al.
1999, Pawa and Ali 2004, Anbarasu et al. 2012,
Chadipiralla et al. 2012, Farjam et al. 2012, Bautista et
al. 2013, Mustafa et al. 2013, Nissar et al. 2013).
Interestingly, in studies evaluating hepatoprotective
effects of different drugs on TAA-induced hepatotoxicity
or new therapeutical approaches for TAA-induced ALF

(e.g. bioarteficial liver support systems or hepatocyte

transplantation) either Wistar or Lewis rats were used. It
has not been established if an outbred rat strain (Wistars)
and an inbred rat strain (Lewis rats) exhibit the same
sensitivity to TAA with regard to the development and
course of ALF (Mehendale 2005, Rahman ef al. 2005,
Kawahar et al. 2010, Nibourg et al. 2012).

Considering these inconsistencies in TAA usage
and also in view of a need for unequivocally
characterized and highly reproducible model of rat ALF
we sought, first, to investigate the course of ALF when
induced by increasing doses of TAA, ranging from 175 to
700 mg/kg of body weight (BW) i.p. per day (the latter
was the highest dose ever reported). Second, we
examined whether Wistar and Lewis rats exhibit any
differences in the course of ALF in response to increasing
TAA doses.

Methods

Ethical approval, animals and chemicals

The studies were performed in accordance with
guidelines and practices established by the Animal Care
and Use Committee of the Institute for Clinical and
Experimental Medicine, Prague, which accord with the
European Convention on Animal Protection and
Guidelines on Research Animal Use. All the animals used
in the study were housed in facilities accredited by the
Czech Association of Laboratory Animal Care. The
experiments were performed in male Wistar and Lewis
rats that were purchased from Charles River Laboratories
(Anlab, Prague, Czech Republic) at the age of 9 weeks.
Before starting experiments the rats were acclimatized in
our vivarium during two weeks. The animals were kept
12-h/12-h Throughout the
experiments rats were fed a normal salt, normal protein
diet (0.45 % NaCl, 19-21 % protein, SEMED, Prague,
Czech Republic) and had free access to tap water. TAA

on a light/dark cycle.

(Sigma, Prague, Czech Republic) was dissolved in
physiological saline and the appropriate dose was injected
i.p. in 1-ml volume.

Experimental design

Twenty-four hours before i.p. administration of
TAA (“—24 h”) rats were anesthetized for 2-3 min with
isoflurane, 2 % in air, (Forane, Abbott Laboratories,
Prague, Czech Republic) that was administered through
a vaporizer, and a blood sample (about 600 pl) was taken
from the tail vein, for biochemical analyses (Fuji Drive-
Chem 4000 Analyser). Plasma levels of albumin,
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bilirubin, alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) activities and ammonia levels
(NH;3) were determined. Blood samples for the same
analyses were also taken 24, 48 and 96 h after first
administration of TAA. The follow-up period in
experimental series 1 and 2 was 96 h and at the end of
experiments the surviving animals were killed by an
overdose of pentobarbital.

Series 1: Dose-dependent effects of TAA given as a single
injection

Freshly prepared TAA was administered i.p. as
a single injection on day 0 at 8:00 AM. Since it is well
recognized that during ALF development the animals’
food and water intake are dramatically reduced, 5 %
glucose solution, 2 ml/100 g BW, was administrated
intraperitoneally every morning to prevent dehydration.
The survival rate was monitored every 8 h, BW was
monitored every 12 h and blood samples were taken as
described above. The following experimental groups
were investigated (initial n=20 in each group):
Wistar rats + TAA 175 mg.kg
Lewis rats + TAA 175 mg kg
Wistar rats + TAA 262.5 mg.kg”
Lewis rats + TAA 262.5 mg.kg”
Wistar rats + TAA 350 mg.kg™
Lewis rats + TAA 350 mg.kg™

AN S e

Series 2: Dose-dependent effects of TAA given as two
injections
Freshly prepared TAA was administered i.p. in

two injections, on day 0 at 8:00 AM and 20:00 PM. The
total amount of TAA given in individual groups is shown
below (initial n=20 in each group):

1. Wistar rats + TAA 350 mg kg
Lewis rats + TAA 350 mg.kg™
Wistar rats + TAA 525 mg.kg™
Lewis rats + TAA 525 mgkg
Wistar rats + TAA 700 mg.kg™
Lewis rats + TAA 700 mg.kg™

AN

Series 3: Assessment of histological liver changes in
response to TAA

In this series of experiments the rats were killed
24 h after TAA administration, the livers were removed,
washed out with physiological saline and transferred
into 4 % formaldehyde. The
hematoxylin-eosin and periodic acid for Schiff reaction

sections stained with

(PAS) were examined and evaluated in a blind fashion.

The semi-quantitative histological score as defined by
Ishak et al. (1995) was used. This score quantifies the
following parameters: A. Periportal or periseptal necrosis,
B. Confluent necrosis, C. Focal lytic necrosis, apoptosis
and focal inflammation and D. Portal inflammation. For
each parameter, the scale of lesions from 0 (absent
changes) to 4 (maximal changes) was used, and the final
index was calculated as asum: A+ B+ C+D.
The following experimental groups were
examined (n=8 in each group):
Wistar rats + physiological saline
2. Lewis rats + physiological saline
3. Wistar rats + TAA 350 mgkg' as a single
injection
4. Lewis rats + TAA 350 mgkg' as a single
injection
5. Wistar rats + TAA 350 mg.kg" in two injections
Lewis rats + TAA 350 mg.kg ™' in two injections

Statistical analysis

Statistical analysis of the data was performed
using Graph-Pad Prism software (Graph Pad Software,
San Diego, California, USA). ANOVA for repeated
measurements, followed by Student-Newman-Keuls test,
was performed for analysis of changes within the groups.
Statistical comparison of other results was made by
Student’s t-test or one-way ANOVA. Unless noted,
values are expressed as mean + SEM. A p-value less than
0.05 was considered statistically significant.

Results

Series 1: Dose-dependent effects of TAA given as a single
injection

As shown in Figure 1, administration of TAA in
form of a single injection elicited dose-dependent
decreases in survival rates in Wistar as well as in Lewis
rats. However, Wistar rats exhibited more profound
decreases in survival rate compared with Lewis rats.
Prior to TAA administration there were no significant
differences in BW between Wistar and Lewis rats (308+3
vs. 31544 g). In both strains significant decreases in BW
in response to TAA were noted. However, 48 h after
administration of TAA at 262.5 or 350 mgkg", Wistar
rats exhibited significantly greater decreases in BW
compared with Lewis rats (—25+3 and —2743 vs. —14+£2
and —12+2 g, p<0.05 in both cases).
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Fig. 1. Survival rates after intraperitoneal (i.p.) administration
of 175 mg.kgt.day® (A), 262.5 mgkg'.day! (B) and
350 mg.kg'.day® (C) of thioacetamide (TAA) "P<0.05 Lewis
versus Wistar rats at the same time point.

As shown in Figure 2, baseline values (“-24 h”)
of plasma ALT activity (international units per liter
plasma, IU/I) and plasma bilirubin levels did not
significantly differ between Wistar and Lewis rats (33+4
vs. 28+4 IU/l, and 9.56+1.41 vs. 10.12+1.33 pmol/l,
respectively). All three doses of TAA caused significant
increases in ALT activities and plasma bilirubin levels in
Wistar as well as Lewis rats, with maximum levels
observed 48 h after TAA administration, and these
increases were greater in Lewis rats compared with
Wistar rats (Fig. 2). Changes in AST showed a response
pattern similar as that for ALT, and because ALT is
a more specific marker for liver function changes, AST
values are not shown.

As shown in Figure 3, there were no significant
differences in baseline plasma NHj; levels between Wistar
and Lewis rats. Each of the three doses of TAA caused
significant increases in plasma NH; levels, however, the
changes in Wistar rats were more prominent than in
Lewis rats. There were no significant differences in
baseline plasma albumin levels between Wistar and
Lewis rats (29.6+£0.9 vs. 31.5+1.1 g/l) and no significant
alterations were noticed after TAA, throughout the
observation period.

Series 2: Dose-dependent effects of TAA given as two
injections

As shown in Figures 4A-C, TAA administered
in two injections at double total doses compared to
Series 1 dramatically decreased survival rate so that no
animal survived 96 h, in any of the dose groups. After
application of high doses of TAA (525 and 700 mg.kg™")
all rats succumbed within first 48 h. Again, Wistar rats
exhibited significantly lower survival rate compared with
Lewis rats at the same time point.

As shown in Figures 4D-F, TAA administration
in two injections on day O elicited marked increases in
plasma NH; levels already after 24 h, the changes were
significantly greater in Wistar compared with Lewis rats.
Since the changes in plasma ALT and AST activities and
plasma bilirubin levels revealed a pattern similar as that
observed with NH; levels the respective data are not
shown.

Series 3: Assessment of histological liver changes in
response to TAA

Representative slices of liver tissue (stained with
PAS) from vehicle-treated (physiological saline 1i.p.)
Wistar (A) and Lewis (B) rats, and from Wistar and
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Fig. 2. Changes in plasma alanine aminotransferase (ALT) activities (A to C) and plasma bilirubin levels (D to F) in response to
increasing doses of thioacetamide (TAA) given as a single injection. “P<0.05 Lewis versus Wistar rats at the same time point.
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Fig. 3. Changes in plasma ammonia (NHs) levels after
intraperitoneal (i.p.) administration of 175 mg.kg'.day® (A),
262.5 mg.kgt.day® (B) and 350 mg.kg'.day! (C) of
thioacetamide (TAA). "P<0.05 Lewis versus Wistar rats at the
same time point.

Lewis rats treated with TAA at 350 mgkg' in a single
injection (C and D), and from Wistar and Lewis rats
treated with TAA at 350 mg.kg" given in two injections
(E and F) are shown in Figure 5. In general, Wistar rats
showed relatively more pronounced abnormalities of the
liver parenchyma: dystrophic changes of hepatocytes, and
congestion and diffuse centrilobular hemorrhagic necrosis
with sporadic formation of bridging necrosis. Vehicle-
treated Wistar and Lewis rats revealed normal liver
parenchyma. Histological scoring revealed no damage in
the liver parenchyma of vehicle-treated Wistar and Lewis
rats (score 0 in both cases). Wistar rats treated with TAA
350 mg.kg’ (single injection) showed significantly higher
liver injury compared with Lewis rats (histological score
6.1£0.37 vs. 3.67+0.49, p<0.05). Treatment with TAA at
350 mg.kg'1 applied in two injections further impaired
liver injury in Wistar as well as in Lewis rats, the
histological score was then still significantly higher in
Wistar compared with Lewis rats (7.83+£0.31 ws.
5.17+0.47, p<0.05).

Discussion

The first important finding of the present study
is that increasing doses of TAA elicited dose-dependent
decreases in survival rate in Wistar as well as in Lewis
rats, and that in both rat strains the highest dose
compatible with survival of at least some of animals until
the end of the follow-up period was 350 mgkg' given
is that
administration of the same amount of TAA in two

as a single injection. Of special interest
injections instead of a single one caused more profound
decreases in survival rate so that no animals in either
strain group survived beyond 72 h (compare the data of
Fig. 1C and Fig. 4A). Furthermore, administration of
TAA at doses of 525 and 700 mg.kg" elicited striking
decreases in survival rate and neither of Wistar or Lewis
rat survived 48 h. The pattern of survival rate was similar
with both these doses, indicating that the maximal
hepatotoxic effect was already reached with the total dose
of 525mgkg’ administered in two injections. TAA
administration at each dose used was accompanied by
progressing increases in plasma bilirubin levels, ALT and
AST activities and plasma NH; concentrations, with
maximum augmentation just before the onset of dying of
rats. All these changes are characteristic for ALF,
suggesting that TAA administration truly induces
a condition resembling the ALF in human beings (Lee

2012, Tritto et al. 2012). A consensus has been achieved
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2009, Tufién et al. 2009). Taken all these facts into

that animal models for untreated ALF should exhibit
some percentage of spontaneous survivors. It was

consideration and based on our current results, we

suggest that the optimal TAA dose for induction of ALF
in rats equals 350 mg.kg' administered i.p. as a single

reasoned that possible beneficial effects of new

therapeutical approaches should be evaluated under

injection.

conditions resembling human disease (Butterworth et al.

ation of TAA, 350 mg.kg ! i.p. in two doses
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In this context, it is worthwhile to briefly discuss

some other chemical models of ALF; it should be
mentioned that almost 25 years ago certain criteria that an
ideal animal model of ALF should satisfy were suggested
(Terblanche and Hickman 1991): a) reversibility, i.e. that
induced liver failure should be potentially reversible;
b) reproducibility, i.e. that degree of liver damage should
be standardized, especially within the major endpoint
which is the death of the animal; ¢) death cause, i.c. that
death should be a direct result of the insult to the liver;
d) therapeutic window, i.e. that sufficient time should
available between the insult and the death; ¢) minimum
hazard to personnel, i.e. that the toxin should present
minimal risk to investigators.

In consideration of those criteria the following
chemical agents have been extensively used in the
development of animal models of ALF.

Fig. 5. Liver damage of Wistar and Lewis
rats after exposure to thioacetamide
(TAA): vehicle-treated Wistar (A) and
Lewis (B) rats; Wistar (C) and Lewis (D)
rats treated with (TAA) at 350 mg.kg®
given in one injection; Wistar (E) and
Lewis (F) rats treated with TAA at 350
mg.kg?! given in two injections. Brief
histological description: A (Wistar rats):
Liver parenchyma with normal liver
architecture (stained with periodic acid for
Schiff reaction (PAS), magnification 40x).
B (Lewis rats): Liver parenchyma without
pathological  changes, (PAS,  40x).
C (Wistar rats): Post-treatment confluent
coagulative  necrosis  involving  the
perivenular and mid-zones, (PAS, 40x).
D (Lewis rats): Post-treatment perivenular
necrosis with sporadic bridging and focal
necrosis, (PAS, 40x). E (Wistar rats): Post-
treatment bridging privenular necrosis with
slight sinusoidal congestion. Sporadic
monocellular  necrosis,  (PAS,  40x).
F (Lewis rats): Post-treatment focal
perivenular necrosis with slight
lymphocytosis.  Sporadic  monocellular
necrosis, (PAS, 40x).

Carbon tetrachloride (CCl,)

The hepatoxic effects of CCly have been known
for many years (Hubner et al. 1965), however its use is
infrequent because liver damage induced with this
compound is poorly reproducible and exhibits high species
variation (Shi ef al. 1997). In addition, it was demonstrated
that CCl; administration simultaneously produces liver

(Weber
Moreover,

damage and liver regeneration
2003, 2004).

administration of CCl,; does not cause massive hepatic

et al Taniguchi et al
necrosis, which is characteristic for human ALF. Effects of
CCl, intoxication are limited (as observed also in humans)
to encephalopathy and late stage hepatic coma (Tufion et
al. 2009). Furthermore, CCl, is not entirely metabolized in
the liver and non-metabolized toxins substantially alter and
damage the lung and the kidney (Newsome et al. 2000,
Tufién et al. 2009). Finally, CCl; manipulation presents a
significant hazard to laboratory staff.
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Acetaminophen (APAP)

This commonly used drug that can elicit liver
damage; even though an effective antidote
(N-acetylcysteine) has been available for long time,
APAP overdosage is the most common cause of drug-
induced ALF in industrialized word (Larson 2007).
Under APAP

biotransformation in the liver by a combination of

normal conditions undergoes

glucuronidation and sulphation, followed by renal
excretion. When an excess APAP is present, these
detoxifying pathways are saturated and APAP is
metabolized by the cytochrome P450 (CYP-450) oxidase
enzyme system, leading to the synthesis of N-acetyl-p-
benzoquinoneimine, an extremely toxic electrophile
(Jaeschke et al. 2013). APAP hepatotoxicity wvaries,
depending on the variable activity of CYP-450 pathway.
For instance, it is potentiated by inducers of CYP-450
system, such as phenobarbitone. In addition, APAP
overdosage triggers an innate immune response (Jaeschke
2013, Williams et al. 2014), and
nephrotoxic, cardiotoxic and induces acute lung injury
(Baudouin et al. 1995, Eguia and Materson 1997,
Jaeschke et al. 2013). Furthermore, APAP overdosage in
animals might induce a sudden death due to uncontrolled
methaemoglobinemia (Jaeschke et al. 2013). Taken
together, the major problem of APAP-induced ALF is its

extreme variability and numerous unpredictable side-

et al is also

effects of the drug.

D-Galactosamine (D-Gal)

It is an amino sugar which, when metabolized
along the galactose pathway in the liver, leads to
uridine  nucleoides and

depletion  of hepatic

transcriptional blockade, with consequent metabolic
alterations and hepatic necrosis (Newsome et al. 2000).
A major advantage of this model is that it displays
a majority of characteristics observed in human ALF,
such as increases in liver enzyme activities, plasma NH;
concentrations, hypoglycemia, coma, and an increase in
intracranial pressure (Keppler et al. 1968). However, the
model exhibits also some disadvantages. It has been
shown that the course of D-Gal-induced ALF is
substantially altered by anesthesia (Newsome er al.
2000). A reproducible model of D-Gal-induced ALF has
been established in large animals (pigs), but substantial
variability was demonstrated in rats and mice: these
species showed considerable resistance to D-Gal until
extremely high doses were employed (Leist et al. 1996,
Newsome et al. 2000). Furthermore, the interval between

administration of D-Gal and the death of the animal
varies considerably (Rahman and Hodgson 2000).
Finally, since the model of D-Gal-induced ALF is used in
large animals, the cost of a relatively large quantity of
D-Gal needed is an important burden.

Overall, considering the criteria for optimal
animal model of ALF (Terblanche and Hickman 1991),
the information from aforementioned studies employing
chemical agents other than TAA to induce ALF, and our
present results, we are convinced that TAA-induced ALF
is the optimal model which fulfills all the criteria
mentioned above and resembles the course of ALF
observed in humans (Bernal and Wendon 2013).
Obviously, this the reason why the model of TAA-
induced ALF is
experimental studies, especially those evaluating new

now increasingly employed for
therapeutic approaches for the treatment of ALF, just to
name a newest study exploring the potential protective
impact of antioxidants on the course of ALF (Mustafa et
al. 2013).

The second major finding of the present study is
that Wistar rats are more sensitive to TAA-induced liver
damage resembling ALF when compared with Lewis rats.
This finding was unexpected because our original
hypothesis was that outbred rat strain (Wistars) should be
more resistant to TAA hepatotoxicity than an inbred rat
strain (Lewis rats). We cannot offer any satisfactory
explanation for different sensitivity of Wistar and Lewis
rats to TAA administration. The reason was not different
basal liver function because the pretreatment values of
biochemical parameters related to liver function, such as
ALT and AST activities, plasma bilirubin, NH; and
albumin levels, were not significantly different between
Wistar and Lewis rats. However, it is conceivable that
different genetic background determines the course of the
phase I of biotransformation of xenobiotics in the
hepatocytes, the process which is mediated by CYP
pathway (Mehendale 2005, Koen et al. 2013); this could
be responsible for the different sensitivity. Obviously,
additional studies that are beyond the scope of the present
project are necessary to address this issue.

We saw that 48 and 96h after TAA
administration Lewis rats exhibited significantly higher
values for biochemical markers of liver injury, such as
plasma ALT and AST activities and plasma bilirubin
levels, as compared with Wistar rats. At the same time,
Lewis rats showed a significantly better survival rate as
compared with Wistar rats. Remarkably, we observed that
the animals with the highest plasma NH; concentrations
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measured 24 h after TAA administration died first.

However, one should consider that the elevated
biochemical markers of liver injury in Lewis rats (higher
than in Wistar rats) observed after TAA administration is
a simple (quasi-negative) consequence or “a side-effect”
of the improved survival rate in these animals. This
phenomenon is comparable to observations in rats that
underwent 5/6 renal ablation (NX), a model of chronic
kidney disease (CKD). It was seen that 5/6 NX rats under
treatment exhibited only temporary attenuation of
proteinuria, an important prognostic factor of CKD
(Bidani et al. 2013), in comparison with untreated rats.
The reason was that untreated animals with the highest
proteinuria died first, which resulted in a paradoxical
improvement in the mean proteinuria level in this group.
(Vanéckova et al. 2012, Certikova Chabova et al. 2014,
Kujal et al. 2014).

In this context, it is important to acknowledge
that a search for optimal animal model for ALF is still
ongoing and factors such as reproducibility, adequate
animal size, cost of animals, an appropriate “therapeutic
window” (time required for treatment, between the insult
and death of animals), minimal risk to investigators etc.
must be considered. Currently, surgical models of ALF in
large animals are preferred (e.g. devascularization of the
liver in pigs) because of high reproducibility; moreover,
large size of animals enables evaluation of different
bioartefical liver support systems (Butterworth et al.
2009, Ryska et al. 2009, 2012, Tuifion et al. 2009, Prazak
et al. 2013). However, the large size of animals is also
a disadvantage because experiments are extremely costly
(housing and handling of animals, induction of ALF
requires a team of investigators). Therefore, chemical
agents, such acetaminophen, galactosamine, carbon
tetrachloride and many others (Mehendale 2005,
Butterworth et al. 2009, Tufiéon et al. 2009) are used in
small laboratory animals (rats and mice) for induction of
ALF. After consideration of the aforementioned aspects,
especially of the reproducibility of ALF induction and
safety for investigators, the use of TAA is at present most
recommended (Butterworth er al. 2009, Tuiidon et al.
2009). However, as has already been discussed in the
introduction section, even though this model has been

used for more than 30 years (Basile et al. 1990, Celik et
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