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ABSTRACT

Objective: Hepatic encephalopathy (HE) is a neuropsychiatric syndrome resulting from
liver failure. In the present study, we aimed to standardize an animal model of HE induced
by thioacetamide (TAA) in C57BL/6 mice evaluating behavioral symptoms in association
with liver damage and alterations in neurotransmitter release. Method: HE was induced by
an intraperitoneal single dose of TAA (200 mg/kg, 600 mg/kg or 1,200 mg/kg). Behavioral
symptoms were evaluated using the SHIRPA battery. Liver damage was confirmed by
histopathological analysis. The glutamate release was measured using fluorimetric assay.
Results: The neuropsychiatric state, motor behavior and reflex and sensory functions were
significantly altered in the group receiving 600 mg/kg of TAA. Biochemical analysis revealed
an increase in the glutamate release in the cerebral cortex of HE mice. Conclusion: HE
induced by 600mg/kg TAA injection in C57BL/6 mice seems to be a suitable model to
investigate the pathogenesis and clinical disorders of HE.
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Modelo de encefalopatia hepética induzida por tioacetamida em camundongos
C57BL/6: estudo comportamental e neuroquimico

RESUMO

Objetivo: A encefalopatia hepatica (EH) é uma sindrome neuropsiquiatrica resultante da
faléncia hepatica. O objetivo do presente estudo foi estabelecer um modelo de EH induzida
por tioacetamida (TAA) em camundongos C57BL/6 avaliando transtornos comportamentais,
faléncia hepatica e alteracdes na liberacdo de neurotransmissores. Método: A EH foi
induzida por meio de uma Unica dose intraperitoneal de TAA (200 mg/kg, 600 mg/kg,
1.200 mg/kg). As alteragdes comportamentais foram avaliadas utilizando a bateria SHIRPA.
A faléncia hepética foi confirmada através de anélises histopatoldgicas e a liberacdo de
glutamato medida, por ensaio fluorimétrico. Resultados: Foram encontradas alteragées
significativas no estado neuropsiquiatrico, comportamento motor e fungao reflexa e
sensorial no grupo que recebeu 600 mg/kg de TAA. Anélises bioquimicas revelaram
aumento na liberacdo de glutamato no cortex cerebral dos camundongos com EH.
Concluséo: A EH induzida por 600 mg/kg de TAA em camundongos C57BL/6 parece ser
um modelo apropriado para a investigacdo da patogénese e dos transtornos clinicos da EH.
Palavras-chave: encefalopatia hepética, tioacetamida, alteracdes comportamentais,
SHIRPA, glutamato.
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Hepatic encephalopathy (HE) is a neuropsychiatric
syndrome resulting from acute or chronic liver failure.
HE affects a considerable number of patients worldwide
with a mortality index ranging from 50 to 90%”. This con-
dition can cause a wide range of clinical manifestations
which include psychomotor dysfunction, sensory abnor-
malities, poor concentration, impaired memory and in-
creased reaction time. In its most severe form, patients
may develop stupor, coma and death’.

The pathogenesis of HE is still not well understood.
The main hypothesis suggests a state of hyperammone-
mia which is responsible for both direct and indirect al-
terations in cerebral metabolism®. Hyperammonemia
leads to increased levels of glutamine in astrocytes from
amidation of glutamate by glutamine synthetase*. The ac-
cumulation of glutamine in the astrocytes produces os-
motic stress and causes the astrocytes to swell. This could
determine cerebral edema and intracranial hypertension
which are ascribed to be the main pathophysiological fea-
tures of HE®. Other mechanisms have been proposed to
explain the pathogenesis of HE, including dysfunction of
the immune® and neurotransmitter® systems. Therefore,
it is important to clarify the mechanisms by which fac-
tors associated with liver failure affect cerebral function
and animal models are of relevance in the investigation
of the underlying mechanisms of HE"®.

Many drugs have been used to induce liver failure in
experimental models, such as thioacetamide (TAA), D-
galactosamine, acetominophen, carbon tetrachloride and
concanavalin A’. TAA is a hepatotoxin frequently used in
experimental studies due to its efficacy in inducing hepat-
ic failure in rodents'*". Following hepatic failure, TAA is
able to induce HE*'”. Most studies using TAA were per-
formed in rats**. The best dose of TAA to induce HE in
mice is still not well established.

Experimental HE has been defined using only severe
neurological signs, such as coma followed by death'.
Some studies have evaluated a few cognitive domains
using standardized tests®'*'>. However, these parame-
ters may be too restrictive as the HE encompasses a wide
range of clinical manifestations. In this context, it is im-
portant to use a validated battery of tests that can evalu-
ate several behavioral functions.

In the present study, we aimed to standardize an ani-
mal model of HE induced by TAA in C57BL/6 mice eval-
uating a large spectrum of behavioral symptoms as as-
sessed by the SHIRPA battery, glutamate release from
brain cortical isolated nerve terminals and liver damage.

METHOD

Animals

All experiments were approved by the Animal Eth-
ics Committee of the Federal University of Minas Gerais
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(UEMGQ). Sixty Male C57BL/6 mice (20-25g), aged 8-12
weeks, were obtained from Animal Care Facilities of the In-
stitute of Biological Sciences, UFMG. Thirty six mice were
used to induce HE and twenty four were used as controls.

Induction of hepatic encephalopathy

HE was induced by an intraperitoneal single dose of
TAA (Sigma Chemical Co., St. Louis, MO, USA). We test-
ed the following doses: 200 mg/kg, 600 mg/kg and 1,200
mg/kg of TAA dissolved in saline (NaCl 0.9%; 0.3 mL).
Controls received the same volume of saline. Survival
curve and weight of animals using these three doses of
TAA were evaluated daily until 8" and 6™ day post-in-
duction (p.i), respectively.

Histological analysis

Livers were removed immediately from mice after
cervical dislocation at 48h p.i. and fixed in 10% buffered
formalin. The sections (5.0 pm) were stained with he-
matoxylin and eosin (H&E) and analyzed in an Olym-
pus BX51 microscope. Six liver sections from each animal
were used for this analysis. Liver damage was also evalu-
ated by transaminase activity, glutamic oxalacetic (GOT)
and glutamic pyruvic (GPT) in sera from mice using stan-
dard kits (Bioclin, Belo Horizonte, Brazil).

SHIRPA screen

Behavioral and functional parameters were evaluated
using a screening battery called SHIRPA until 3" day p.i.
The SHIRPA screen was conceived as a multi-test behav-
ioral battery used for longitudinal studies with standard-
ized guidelines and materials'®. This battery encompasses a
wide range of tests, organized in five functional categories:
neuropsychiatric state, motor behavior, reflex and senso-
ry function, autonomous function and muscle tone and
strength". Animals were allowed to accommodate to their
new environment for 2 days before behavioral assessment.

Glutamate release and measurement

Synaptosomes were prepared as previously de-
scribed'®. Mice were decapitated and had their cortices
removed and homogenized in 1:10 (w/v) 0.32M sucrose
solution containing dithiothreitol (0.25 mM) and EDTA
(1 mM). Homogenates were then submitted to low-speed
centrifugation (1000g / 10 min) and isolated nerve ter-
minals (synaptosomes) were purified from the superna-
tant by discontinuous Percoll-density gradient centrifu-
gation", The synaptosomes were resuspended in Krebs-
Ringer-HEPES solution (KRH, 124 mM NaCl, 4 mM KCI,
1.2 mM MgSO,, 10 mM glucose, 25 mM HEPES, pH 7.4)
with no added CaCl,, to a concentration of approximate-
ly 10 mg/mL, divided into aliquots of 200 puL and kept on
ice for posterior measurement of glutamate release. The
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glutamate release assay was performed using a RF5301-
PC spectrofluorimeter (Shimadzu, Kyoto, Japan) follow-
ing the increase in the fluorescence due to the produc-
tion of NADPH" in the presence of glutamate dehydro-
genase and NADP ™%,

Statistical analysis

One-way analysis of variance (ANOVA) with Dun-
nett’s multiple comparison post-test was used to analyze
behavioral and functional categories of SHIRPA and the
serum levels of GOT and GPT. To analyze the surviv-
al rate, the Logrank test was used. The glutamate release
was analyzed using the unpaired t-student test. All anal-
yses were performed using Prism 4 software (GraphPad,
LaJolla, CA, USA).

RESULTS

First, we evaluated survival rate using three different
doses of TAA. We found that 200 mg/kg and 600 mg/kg
doses lead to a higher survival rate (p<0.01) in comparison
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with 1,200 mg/kg (Fig 1A). All animals exhibited a decrease
in body weight after TAA injection and start recovering at
day 3 p.i. (Fig 1B). Due to the high mortality rate associ-
ated with the dose of 1,200 mg/kg, behavioral and func-
tional parameters were assessed with the other two doses.

The neuropsychiatric state (p=0.02), motor behavior
(p=0.03), reflex and sensory function (p=0.03) from the
SHIRPA battery were significantly altered in the group
receiving 600mg/kg of TAA in comparison with animals
receiving saline (Fig 2). No difference was found be-
tween the group receiving 200 mg/kg of TAA and con-
trols. Thus, the dose of 600 mg/kg seemed to be the most
appropriate to induce HE in mice.

To confirm liver damage induced by 600 mg/kg of
TAA, we performed histological analyses at 48h p.i. An
extensive hemorrhagic necrotic area was found in TAA
injected mice compared to controls (Figs 3A, 3B). Serum
levels of GOT and GPT were significantly increased af-
ter 24h and 48h (p<0.01) (Fig 3C, 3D), confirming the ex-
tensive liver damage.
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Fig 1. Survival curve [A] and weight [B] were evaluated daily until 8" and 6" day post-induction (p.i), respectively. Three different concen-
trations of thioacetamide were used to induce hepatic encephalopathy in the C57BL/6 wild type mice: 200 mg/kg (n=12), 600 mg/kg

(n=12) and 1200 mg/kg (n=12).
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Fig 2. Performance of C57BL/6 mice hepatic encephalopathy induced with 200 mg/kg (n=10) and 600 mg/kg (n=6) of thioacetamide at
48 hours post-induction and of control group (n=6) in the functional categories of the SHIRPA battery. Data are presented as mean £ SEM.
*p<0.05; **p<0.01.
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Fig 3. Liver damage following injection of 600 mg/kg of thioacetamide. Histological section (5 um) of liver from con-
trol mice (n=3) with normal portal triad and hepatocytes [A]. The liver from hepatic encephalopathy mice (n=5) in-
duced with 600 mg/kg of thioacetamide exhibits intense periacinar hemorrhagic necrosis with preservation of peri-
portal zone [B]. The serum levels of GOT [C] and GPT [D] were assessed in hepatic encephalopathy group and in
control group (n=11) at 24h (n=6) and 48h (n=10) post-induction. Data are presented as mean=®SEM. **p<0.01.
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Fig 4. HE induces glutamate release from brain synaptosomes. First
bar: 33 mM KCl-evoked glutamate release from C57BL/6 mice; Sec-
ond bar: 33 mM KCl-evoked glutamate release from C57BL/6 mice
with hepatic encephalopathy induced with 600 mg/kg of thioac-
etamide at 72 hours post-induction; Third bar: Calcium-indepen-
dent glutamate release evoked by 33 mM KCl from C57BL/6 mice
synaptosomes. Forth bar: Calcium- independent glutamate release
evoked by 33 mM KCl from C57BL/6 mice with hepatic encephal-
opathy induced with 600 mg/kg of thioacetamide at 72 hours post-
induction. The results are mean=SEM of at least three independent
experiments for each experimental condition. **p<0.01; ***p<0.001.
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All neurological functions altered in HE seem to be
the final result of changes in neurotransmission. Consid-
ering that abnormal glutamatergic neurotransmission was
previously reported in HE, we measured glutamate re-
lease from brain cortical isolated nerve terminals (synap-
tosomes) in our HE model. We observed that glutamate
release was significantly increased in the group receiving
600 mg/kg of TAA in comparison with animals receiving
saline (Fig 4). Synaptosomes from control animals were
exposed to 33 mM KClI to depolarize their membranes
and induce glutamate release (Fig 4). KCl-evoked gluta-
mate release from synaptosomes obtained from HE an-
imals was approximately three fold higher than control
animals (Fig 4; **p<0.01).

When synaptosomes were depolarized with KCI, the
release of glutamate is the sum of two components: one
that is extracellular calcium dependent and inhibited by
the calcium chelator EGTA, and a second which is extra-
cellular calcium independent and not sensitive to EGTA.
We therefore measured KCl-evoked glutamate release in
control and HE mice synaptosomes in the presence of
EGTA which reflects the calcium-independent pool. In
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both conditions (control and HE mice), KCl-evoked gluta-
mate release was reduced in the presence of EGTA (Fig 4;
***p<0.001).

DISCUSSION

In this study, the administration of 600 mg/kg of TAA
was capable of inducing severe liver damage evidenced
by histopathological analysis and increased serum levels
of hepatic enzymes. These hepatic alterations were ac-
companied by neuropsychiatry, motor, reflex and sensory
changes. Moreover, increased glutamate release was ob-
served in the cerebral cortex of HE animals.

HE has been largely studied in rat models
mice, most studies using TAA have been performed to
evaluate acute or chronic liver failure and not changes in
the central nervous system'****, Indeed, histopatholog-
ical changes observed in the liver were similar to those
described in previous studies. To the best of our knowl-
edge, only few studies have used mice as an experimen-
tal model of HE. Avraham et al. investigated neurologi-
cal functions in a HE model using a dose of 200 mg/kg of
TAA in the Sabra mouse strain®. We could not find sig-
nificant neuropsychiatric and motor changes using this
dose of TAA, indicating that different mice strains may
present distinct susceptibility to the drug.

12,14,22 In

In the present study, using C57BL/6 mice we found
significant changes in the reflex and sensory function,
motor and neuropsychiatric state using SHIRPA battery.
Other studies have also evaluated some behavioral chang-
es of HE using different neurological and cognitive pro-
tocols. Similar to our study, they found significant altera-
tions in motor behavior, reflex and cognitive function®>*.
However no previous study used a broad behavioral bat-
tery such as SHIRPA to evaluate the clinical manifesta-
tions of HE. The present results and previous data with
SHIRPA in other neurological conditions, such as cere-
bral malaria'’, suggest this battery seem to be an efficient
tool to identify subtle behavioral changes in HE.

Neurotransmitters, such as glutamate, have been im-
plicated in the pathogenesis of HE**?, In our study, we
found a significant increase of glutamate release in the
cortex of HE mice, corroborating the view that gluta-
mate release plays a role in the pathogenesis of HE. In-
deed, previous studies in rodents showed that glutamate
could mediate neurological symptoms of HE. For in-
stance, Moroni et al. have demonstrated an increase in
the synthesis and release of glutamate in rats using two
different models of HE (ammonium acetate and porta-
caval anastomosis)®. Also, McArdle et al., using a TAA-
induced HE model in rats, found increased extracellular
levels of glutamate in hippocampus®. We also observed
that KCl-evoked glutamate release from synaptosomes
obtained from HE mice was partially inhibited by EGTA
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(approximately 50% inhibition compared to control, Fig
4). Previous work performed by Minelli et al. showed that
alkalinization increases Ca*" release through intracellular
stores and induces plasmalemmal calcium influx in mi-
croglia culture®. We could therefore suggest that the in-
crease in KCl-evoked glutamate release observed in our
experiments with HE mice synaptosomes might be due
to a direct effect of ammonia or other mediator.

In conclusion, we standardized a HE model using 600
mg/kg of TAA in C57BL/6 mice. Due to the low mortality
and clear neuropsychiatric and motor dysfunctions, this
could be a useful model to study the pathogenesis and
clinical disorders of HE. It is worth mentioning that the
use of the C57BL/6 strain has several technical advantag-
es. One is the high availability of knock out mice, which
could contribute to the study of the mechanisms under-
lying this condition. Another advantage is that C57BL/6
is an inbred strain. Thus, HE model using C57BL/6 mice
may account for less variability in experimental studies.
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