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Abstract

Objective: The aim of this study was to identify the best experimental model in which to observe the pulmonary alterations characterizing
hepatopulmonary syndrome (HPS). Methods: Male Wistar rats, with mean weight of 250 g, were used in four experimental models: inhaled
carbon tetrachloride; intraperitoneal carbon tetrachloride; partial portal vein ligation; and bile duct ligation (BDL). The animals in all groups were
divided into control and experimental subgroups. The following variables were measured: transaminase levels; blood gases; lipoperoxidation,
using thiobarbituric acid reactive substances (TBARS) and chemiluminescence; and levels of superoxide dismutase (SOD) anti-oxidant activity.
Anatomopathological examination of the lung was also performed. Results: There were statistically significant differences between the BDL
control and BDL experimental groups: aspartate aminotransferase (105.3 + 43 vs. 500.5 + 90.3 1U/L); alanine aminotransferase (78.75 £ 37.7 vs.
162.75 £ 35.4 1U/L); alkaline phosphatase (160 £ 20.45 vs, 373.25 * 45.44 1U/L); arterial oxygen tension (85.25 £ 8.1 vs. 49.9 + 22.5 mmHg);
and oxygen saturation (95 + 0.7 vs. 73.3 £ 12.07%). Lipoperoxidation and antioxidant activity also differed significantly between the two
BDL groups (control vs. experimental): TBARS (0.87 = 0.3 vs, 2.01 £ 0.9 nmol/mg protein); chemiluminescence (16008.41 + 1171.45 vs,
20250.36 * 827.82 cps/mg protein); and SOD (6.66 + 1.34 vs. 16.06 £ 2.67 1U/mg protein). The anatomopathological examination confirmed
pulmonary vasodilatation in the BDL model. In the other models, there were no alterations that were characteristic of HPS. Conclusions: The
data obtained suggest that the BDL model can be used in future studies involving hepatic alterations related to oxidative stress and HPS.
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Resumo

Objetivo: O objetivo deste trabalho foi avaliar o melhor modelo experimental para observar alteragdes pulmonares que caracterizam a sindrome
hepatopulmonar (SHP). Métodos: Ratos machos Wistar, com peso médio de 250 g foram usados em quatro modelos experimentais:tetracloreto
de carbono inalatério; tetracloreto de carbono intraperitoneal; ligadura parcial de veia porta; e ligadura de ducto biliar (LDB). Em todos os grupos
os animais foram divididos em controle e experimental. Foram avaliadas as seguintes varidveis: transaminases; gasometria; lipoperoxidagdo por
substincias que reagem ao édcido tiobarbiturico (TBARS) e por quimiluminescéncia; e atividade antioxidante da enzima superdxido dismutase
(SOD). Foi feito também o exame anatomopatoldgico do pulmio. Resultados: Observou-se diferencas significativas entre os grupos LDB controle
e experimental: aspartato amino transferase (105,3 + 43 vs. 500,5 * 90,3 Ul/L); alanino aminotransferase (78,75 + 37,7 vs. 162,75 + 35,4 Ul/L);
fosfatase alcalina (160 % 20,45 vs. 373,25 + 45,44 Ul/L); pressdo parcial de oxigénio (85,25 + 8,1 vs, 49,9 + 22,5 mmHg); e saturacio de hemoglo-
bina (95 % 1,4 vs. 73,3 + 24,14%). A lipoperoxidacio e a atividade antioxidante também demonstrou diferencas entre os dois grupos LDB (controle
vs. experimental): TBARS (0,87 £ 0,3 vs. 2,01 £ 0,9 nmol/mg proteina); quimiluminescéncia (16008,41 £ 1171,45 vs. 20250,36 * 827,82 cps/mg
proteina); e SOD (6,66 * 1,34 vs. 16,06 * 2,67 Ul/mg proteina). No exame anatomopatoldgico observou-se vasodilatacio pulmonar no modelo de
LDB. Nos outros modelos ndo foram observados alteragdes que caracterizam a SHP. Conclusdes: Os dados sugerem que o modelo de LDB pode
ser usado para outros estudos envolvendo alteragdes hepaticas e suas relaces com o estresse oxidativo e a SHP.

Descritores: Sindrome hepatopulmonar; Pulméo; Estresse oxidativo; Ratos.
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Introduction

Liver cirrhosis is a chronic progressive disease
that represents an irreversible or slowly reversible
stage of hepatic dysfunction, characterized by the
formation of fibrotic nodules. 1t occurs as a result
of cicatrization and hepatocellular regeneration,
which constitute the main responses of the liver
tissue to countless inflammatory, toxic, metabolic
and congestive insults.!"

Abnormalities of arterial oxygenation are
common in patients with cirrhosis, a great difference
in the alveolar-arterial oxygen gradient and severe
hypoxemia being observed in 3-7% of cases (arte-
rial oxygen tension—Pa0,—below 60 mmHg).”) The
physiopathology of pulmonary dysfunction in the
presence of liver diseases might involve a decrease
in the attenuation of hypoxic vasoconstriction, low
vascular resistance, ventilation-perfusion imbal-
ance, intrapulmonary shunt and alteration in gas
diffusion. These clinical and laboratory findings
characterize hepatopulmonary syndrome (HPS),
which is seen in patients with cirrhosis or portal
hypertension and consists of cirrhosis accompanied
by hypoxemia and intrapulmonary vasodilatation,
although without cardiopulmonary disease.”

Experimental induction of liver disease can
accurately replicate the histological, biochemical,
hemodynamic, renal and neurohumoral alterations
seen in human liver dysfunction. Handling risks to
the researcher have been eliminated, and the use
of such models improves our understanding of
the physiopathology of liver disease and of other
syndromes involved. We can follow the physiopatho-
logical progress of cirrhosis and its complications
through experimental studies in models of liver
cirrhosis, secondary biliary cirrhosis and portal
hypertension. In such models, liver cirrhosis is
induced by administration of carcinogenic agents
such as carbon tetrachloride (CCl,), biliary cirrhosis is
induced through bile duct ligation (BDL), and portal
hypertension is induced by partial portal vein liga-
tion (PPVL).”” Among the numerous complications
of HPS, some of the most serious are the pulmonary
alterations, which are primarily characterized by low
oxygen concentrations and intrapulmonary vasodil-
atation. To date, there is no specific model to study
such HPS-related alterations. Therefore, the aim of
this study was to compare four experimental models
in terms of their ability to demonstrate the pulmo-
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nary complications occurring in HPS. To that end,
we analyzed liver function, blood gas exchange,
anatomopathological aspects and oxidative stress
(to quantify tissue damage).

Methods

For the purposes of this study, 40 male Wistar
rats (mean body weight, 250 g) were obtained from
the Universidade Federal do Rio Grande do Sul
(UFRGS, Federal University of Rio Grande do Sul)
Laboratory Animal Breeding Facility. The rats were
housed in plastic cages (47 x 34 x 18 cm) lined with
woodchips and were maintained on a 12/12-h light/
dark cycle in a temperature-controlled environ-
ment (20-25°C) with ad /ibitum access to standard
rat chow and water. All experimental procedures
complied with the guidelines established by the
Porto Alegre Hospital de Clinicas ethics commit-
tees: the Research in Health and Animal Rights
Committee; and the Research and Postgraduate
Group Committee on Research and Ethics in Health.
Four experimental models were evaluated:

1) Inhaled CCl, (IN CCl) to induce cirrhosis:
Animals were divided into two subgroups:
control (IN CCl,-Co, n = 5), receiving only
phenobarbital in drinking water; and
experimental (IN CCl-Ex, n = 5), receiving
phenobarbital in drinking water plus IN CCl,.
Phenobarbital was added to the drinking
water at a concentration of 0.3 g/L in order
to evoke enzymatic induction and accelerate
the cirrhotic process. The IN CCl,-Ex group
was exposed to the aggressive agent twice a
week (on Mondays and Fridays), according to
the protocol devised by Jiménez et al.,”) in an
inhalation chamber (47 x 34 x 18 cm). The
CCl, was placed in glass container (humidifier)
attached to an air compressor and released
into the chamber at a flow rate of 1 L/min. In
the first three sessions, the duration of expo-
sure was 30 sec and the animals remained
within the chamber for an additional 30 sec
while the compressor was off (waiting time).
In the fourth session, the duration of exposure
was increased to 60 sec, followed by an addi-
tional 60 sec in waiting mode. Subsequently,
the duration of exposure and the waiting time
were increased by 30 sec every three sessions,
reaching a maximum of 5 min at week 16.4?
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2) Intraperitoneal CCl, (IP CCl) to induce

cirrhosis: Animals were divided into two
subgroups: control (IP CCl-Co, n = 5),
receiving only phenobarbital in drinking

water; and experimental (IP CCl,-Ex, n = 5),
receiving phenobarbital in drinking water plus
1P CCl,. Phenobarbital was given as described
above. Cirrhosis was induced by 1P injection of
Cdl, (0.5 mL, diluted 1:6 in vegetable oil, at
10:00 p.m. every 4 days for 14 weeks).®

3) PPVL to induce portal hypertension: We
used the model of PPVL described in a study
published in 1983.”7 Animals were divided
into two subgroups: control (PPVL-Co, n = 5),
submitted to sham partial portal vein ligation;
and experimental (PPVL-Ex, n = 5), submitted
to ligation. In brief, the animals were anes-
thetized and submitted to mid-ventral
laparotomy and the portal vein was isolated
using a 20-gauge needle, gently withdrawing
the needle after the ligation. Upon completion
of the procedure, the peritoneum and abdom-
inal wall were sutured.

4) BDL to induce biliary cirrhosis: We followed
the model of secondary biliary cirrhosis
secondary to BDL described in a study
published in 1985.®) Animals were divided
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into two subgroups: control (BDL-Co, n = 5),
submitted to sham common BDL; and experi-
mental (BDL-Ex, n = 5), submitted to BDL.

Laboratory tests were performed at the Central
Laboratory of the Santa Casa Hospital Complex in
Porto Alegre, and all other procedures were performed
at the Laboratory of Physiology, Hepatology and
Oxidative Stress of the UFRGS Porto Alegre Hospital
de Clinicas.

Prior to all surgical procedures, animals were
anesthetized with 200 xylazine hydrochloride
(50 mg/kg body weight) and ketamine hydrochloride
(100 mg/kg body weight), both administered intra-
peritoneally. Following the experimental procedures,
the animals were housed in individual cages for a
period of two weeks, at which time they were killed
with an overdose of those same anesthetic agents.

On the day of sacrifice, the animals were anes-
thetized and blood samples were collected from
the retro-ocular sinus.” Those blood samples were
used in order to assess the serum levels of aspartate
aminotransferase (AST), alanine aminotransferase
(ALT) and alkaline phosphatase (ALP), which are
expressed as TU/L. Subsequently, the abdominal
region was shaved, a mid-ventral laparotomy was
performed, and blood was collected from the
abdominal aorta artery in order to measure arte-

Table 1 - Serum enzyme levels, blood gases and alveolar-arterial oxygen gradient in the control and experimental

groups of the four experimental models.?

Variable IN CCI, 1P CCl, PPVL BDL
Co Ex Co Ex Co Ex Co Ex
AST (IU/L) 1913+ 717.0+ 1325+ 17150 % 133.7 £ 108.5 + 105.2 + 500.5 +
45.6 207.6 19.6 689.2* 22.3 19.4 21.5 45.1%*
ALT (1U/L) 1248+  759.6 £ 86.7 + 1399.5 + 79.7 + 84.5 + 78.7 + 162.7 +
46.4 232.2% 7.3 459,5* 9.1 16.9 18.8 17.7%
ALP (IU/L) 86.8 + 196.4 + 88.2 + 220.7 + 116.0 £ 127.8 + 160.0 + 373.2 +
8.7 25.2% 1.7 60.9 20.5 29.7 20.4 45.4%*
Pa0, (mmHg) 85.3 + 63.8 + 107.0 £ 97.8 69.7 + 64.3 + 85.2 + 49.9 +
0.8 3.8* 4.0 7.4 0.9 5.2 4.0 11.3*
PaC0, (mmHg) 48.7 £ 54.7 £ 49.0 £ 46,5 54.3 56.3 9.8 + 64.0 +
2.9 2.9 5.0 4.0 1.7 5.0 3.3 5.1
Sa0, (%) 95.3 78.8 + 96.0 + 96.2 * 92.0 + 86.0 + 95.0 + 733+
0.3 9.3* 1.3 0.7 0.0 2.9 0.7 12.0%
AaDO, (mmHg)  23.1+ 56.3 + 129 22.7 + 121+ 15.0 + 30.4 + 62.6 +
12.8 2.8 4.3 5.8 2.9 3.9 3.5 10.5**

IN CCl,: inhaled carbon tetrachloride; 1P CCl,: intraperitoneal carbon tetrachloride; PPVL: partial portal vein ligation; BDL: Bile duct
ligation; Co: control; Ex: experimental; AST: aspartate aminotransferase; ALT: alanine aminotransferase; ALP: alkaline phosphatase;
Pa0,: arterial oxygen tension; PaCO,: arterial carbon dioxide tension; Sa0,: arterial oxygen saturation; and AaDO,: alveolar-arterial
oxygen gradient. “Results expressed as mean + standard error of the mean. *p < 0.05 vs. corresponding control group. *p < 0.001

vs. corresponding control group.
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rial blood gas exchange with an ABL 700 analyzer
(Radiometer, Copenhagen, Denmark), using the
iontophoresis method to determine Pa0,, arterial
carbon dioxide tension (PaCO,), and arterial oxygen
saturation (Sa0,).

After the blood samples had been collected, the
animals were killed as described above. The lungs
were then dissected out and weighed in order to
determine the relationship between the weight of
the lung and the total body weight (the so-called
lung weight/body weight ratio). The anterior part
of the right inferior lobe was then set aside for the
histological analysis, the remainder promptly being
frozen in liquid nitrogen and stored at —80 °C for
later analysis. The frozen tissue was homogenized in
phosphate buffer (KCl 140 mM, phosphate 20 mM,
pH 7.4) using an Ultra-Turrax homogenizer (IKA
Labortechnik, Staufen, Germany) and centrifuged
at 3000 rpm for 10 min. Lipoperoxidation
was determined through determination of the
levels of thiobarbituric acid reactive substances
(TBARS)"™ and chemiluminescence."" Activity of
the antioxidant enzyme superoxide dismutase (SOD)
was determined by quantifying the oxidation of
adrenaline to adrenochrome.("

The samples for histological analysis of the
pulmonary tissue were collected and stored for 12 h
in 10% formaldehyde solution, then transferred
to 70% alcohol and stained with hematoxylin-
eosin. The anatomopathological examination was
performed in double-blind fashion by a patholo-
gist in the Pathology Laboratory of the Porto Alegre
Hospital de Clinicas.

Means and standard errors of the means were
calculated. Data were analyzed using analysis of
variance. Post hoc comparisons were carried out
using the Student Newman-Keuls test. The level
of statistical significance was set at p < 0.05. The
Statistical Package for the Social Sciences, version
13.0 (SPSS Inc., Chicago, 1L, USA) was used.

Results

As can be seen in Table 1, there was a significant
difference between the IN CCl,-Co and IN CCl -Ex
groups in terms of the serum levels of ALT and ALP
(higher in the IN CCl,-Ex group; p < 0.05 for both),
between the 1P CCl,-Co and 1P CCI,-Ex groups in
terms of the serum levels of AST and ALT (higher
in the 1P CCl,-Ex group; p < 0.05 for both) and
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between the BDL-Co and BDL-Ex groups in terms
of the serum levels of AST and ALT (higher in the
BDL-Ex group; p < 0.05 for both). No significant
differences were found between the PPVL-Co and
PPVL-Ex groups in terms of serum levels of AST,
ALT or ALP.

In order to ascertain alterations in gas exchanges,
we performed blood gas analysis (Table 1), in which
Pa0,, PaCO,, Sa0, and the alveolar-arterial oxygen
gradient were analyzed in the different models and
groups. There was a significant difference between
the IN CCl,-Co and IN CCl,-Ex groups in terms of
Pa0, (p < 0.001). In the 1P CCl, and PPVL models,
there were no significant differences between the
control and experimental groups in terms of any
blood gas analysis parameters. However, there were
significant differences between the BDL-Co and
BDL-Ex groups for Pa0,, PaCO, and Sa0, (p < 0.05
for all), as well as for the alveolar-arterial oxygen
gradient (p < 0.001).

As shown in Table 2, there were significant
differences between the control and experimental
groups in the IN CCl, and BDL models in terms of
the lung weight/body weight ratio (p < 0.05 in both
models), although no such differences were seen in
the TP CCl, or PPVL models.

Table 3 shows lipoperoxidation, characterized by
TBARS values, chemiluminescence and SOD activity.
In the IN CCl,, 1P CCl, and PPVL models, there were
no significant differences between the control and
experimental groups. However, there was signifi-
cantly greater lipoperoxidation in the BDL-Ex group
than in the BDL-Co group (p < 0.05). Pulmonary
SOD activity was significantly greater in the IN
CCl,-Ex, 1P CCl,-Ex and BDL-Ex groups than in their

Table 2 - Lung weight/body weight ratio in the control
and experimental groups of the four experimental
models.?

Model Lung weight/body weight ratio (%)
Co Ex
IN CC]4 0.46 + 0.06 0.59 £ 0.07*
1P CCl, 0.52 £ 0.04 0.47 £ 0.03
PPVL 0.44 £ 0.01 0.40 £ 0.01
BDL 0.38 + 0.02 0.53 £0.01*

IN CCl,: inhaled carbon tetrachloride; 1P CCl,: intraperitoneal
carbon tetrachloride; PPVL: partial portal vein ligation; BDL:
Bile duct ligation; Co: control; and Ex: experimental. Results
expressed as mean + standard error of the mean. *p < 0.05 vs.
corresponding control group.
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Table 3 - Lipoperoxidation, characterized by levels of thiobarbituric acid reactive substances, chemiluminescence
and antioxidant activity of superoxide dismutase, in the control and experimental groups of the four experimental

models.?
Model TBARS CL SOD
(nmol/mg protein) (cps/mg protein) (1U/mg protein)
Co Ex Co Ex Co Ex
IN CC|4 0.758 £0.05 0.802£0.13 20633.4 £ 4526.42  25282.6 + 5369.40 2.65 £ 0.62 6.24 £ 0.89%
1P CC]4 0.97 £ 0.22 1.48 £0.72 16764.20 = 515.48 17797.20 + 531.65 9.02 £ 0.76 10.76 £ 2.41
PPVL  0.552+0.03 0.757 +0.15 13318.05+ 2527.90 17807.25+ 2813.22 4,79 + 1.48 8.16 £ 1.18
BDL 0.835+0.16  1.91 £ 1.91* 16008.41 + 1171.45 20250.36 + 827.82*  6.66 = 1.34 16.06 *+ 2.67*

TBARS: thiobarbituric acid reactive substances; CL: chemiluminescence; SOD: superoxide dismutase; Co: control; Ex: experimental;
IN CCl,: inhaled carbon tetrachloride; 1P CCl,: intraperitoneal carbon tetrachloride; PPVL: partial portal vein ligation; and BDL: Bile
duct ligation. “Results expressed as mean * standard error of the mean. *p < 0.05 vs. corresponding control group.

corresponding control groups (p < 0.05), although
there was no difference between the PPVL-Ex group
and the PPVL-Co group.

As can be seen in Figure 1, the histological
analysis of lung tissues from animals in all control
groups showed normal architecture of the pulmo-
nary parenchyma and vessels with normal diameters.
Only one lung tissue sample from a control group
animal is shown, since the histological findings were
similar for all control group animals. Vessel diam-
eters were also normal in the lungs of experimental
group animals of the IN CCl,, 1P CCl, and PPVL
models, although greater diameters were observed in
the experimental group animals of the BDL model.

Discussion

In this study, four experimental models were
used, three involving induction of cirrhosis and one
involving induction of portal hypertension. The CCl,
is used as an inducer of cirrhosis, accurately repli-
cating hemodynamic abnormalities, with increased
hepatic vascular resistance, leading to portal
hypertension and hindering exchanges between
the sinusoids and the hepatocytes, all of which
are responsible for the greatest hepatic damage
in cirrhosis."*' The IN CCl, model combines CCI,
inhalation with the administration of phenobarbital
in drinking water, which accelerates the metabolic
process by increasing the activity of the cytochrome
P450 system, thereby leading to the development of
cirrhosis, with splenomegaly and pronounced ascites,
the latter being a prominent feature of chronic liver
failure during cirrhosis.©' In the present study, the
serum levels of AST, ALT and ALP were higher in the
experimental group animals than in their respective

control groups for both CCl, models, indicating
a loss of hepatic integrity in the IN CCl -Ex and
1P CCl,-Ex animals, since elevated serum levels of
these enzymes are directly related to cell damage
and active necrosis of liver cells.

Patients with portal hypertension develop
increased blood flow to the stomach. The physio-
logical findings that correlate with worsening portal
hypertensive gastropathy include increased portal
venous pressure gradient and decreased hepatic
blood flow. At a prevalence of 80% of cases, portal
hypertension is directly related to the duration of
liver injury and the extent of gastropathy.'9In the
present study, serum levels of AST, ALT and ALP
were normal in the PPVL-Ex and PPVL-Co group
animals, indicating a lack of hepatic alterations.
This can be explained by the fact that PPVL is a
model of portal hypertension, which can be a
complication of liver cirrhosis, rather than a model
of cirrhosis itself. These findings corroborate those
of a previous study involving an animal model of
portal hypertension.!” Liver cirrhosis was observed
in the experimental group animals of all models,
with the exception of the PPVL model.

We found serum levels of ALT, AST and ALP to
be higher in the BDL-Ex group than in the BDL-Co
group. In the majority of patients with secondary
biliary cirrhosis, the hepatobiliary damage resulting
from Dbiliary obstruction produces hyperbiliru-
binemia, higher ALP and higher aminotransferase
levels. The elevated levels of these enzymes are
largely attributable to necrosis of aminotransferase-
rich tissues, as well as to the cholestasis provoked in
this model."® Our findings demonstrate the hepatic

J Bras Pneumol. 2008;34(7):453-460
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Figure 1 - Photomicrographs of hematoxylin and eosin-stained lung tissue samples: a) control; b) inhaled carbon
tetrachloride; c) intraperitoneal carbon tetrachloride; d) partial portal vein ligation; e) and f) bile duct ligation.
Magnification, 100x.

impairment produced in animals submitted to this
model.

In the BDL model, lung weight/body weight
ratio were greater in the BDL-Ex group than in
the BDL-Co group. One animal study showed a

J Bras Pneumol. 2008;34(7):453-460

post-BDL increase in arteriole diameters. In the
present study, the difference in lung weight/body
weight ratio was probably due to the shunt and
intrapulmonary vascular dilatation caused by the
accumulation of blood in the organ.
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The evaluation of arterial blood gases is an indi-
cator used to facilitate the diagnosis of HPS. In
most cirrhotic patients, Pa0, is < 80 mmHg, Sa0,
is <9200, and PaCO, is =30 mmHg.?” In our study,
we demonstrated significant differences between
the experimental and control groups in terms
of these parameters. Experimental studies have
shown that control animals present Pa0, values of
90-99 mmHg and PaCO, values of =40 mmHg,*"*?
values comparable to those seen in the IN CCl,-Co
group animals evaluated in the present study. We
observed that Pa0O, and Sa0, were significantly
lower the IN CCl,-Ex group than in the IN CCl,-Co
group, whereas PaCO, was higher, although not
significantly so. These alterations are probably
due to the toxic potential of inhaled CCl, in the
respiratory system. The PPVL model has not been
associated with abnormalities in the diffusion of
pulmonary gases,”” as demonstrated in our study.
We observed significant differences between the
BDL-Ex and BDL-Co groups in terms of the blood
gas analysis findings, demonstrating that animals
with secondary biliary cirrhosis present hypox-
emia. This hypoxemia might be associated with the
bacterial translocation that BDL causes in 45-75%
of cirrhotic animals, in which the BDL-induced
hepatocellular lesion hinders adequate blood filtra-
tion, promoting the development of portosystemic
shunts and a dramatic decrease of the phagocytic
capacity of the liver, allowing bacteria and endo-
toxins to enter the pulmonary circulation. In this
situation, the lung filters the blood, compensating
for the decreased phagocytic function of the liver.
During phagocytosis, the activation of numerous
macrophages results in the secretion of prod-
ucts such as cytokines and nitric oxide into the
extracellular medium, nitric oxide being a potent
vasodilator and also being involved in mechanisms
of imbalance between the antioxidant and oxida-
tive systems.?? Nitric oxide functions as a molecular
signaler (mediating vasodilatation when produced
at low concentrations by nitric oxide synthase in
endothelial vascular cells) and as a highly toxic
oxidant source (when produced at high concentra-
tion by nitric oxide synthase in macrophages in the
inflammatory process), thereby promoting intrapul-
monary vasodilatation followed by hypoxemia.?”

Many authors have reported that, in the pres-
ence of cirrhosis, there is a considerable increase
of lipoperoxidation due to the formation of reac-

459

tive oxygen species.?? In experimental models, this
phenomenon also occurs, leading to morphological
alterations involving the endoplasmic reticulum of
hepatocytes. In the CCl, model, these alterations
derive from the metabolism of the toxic agent CCl,
itself, which is metabolized into the free radicals
trichloromethyl and trichloromethyl peroxyl, inju-
rious radicals that can initiate the lipoperoxidation
process.?7)

Although hepatic peroxidation has been widely
described in models of CCl,-induced cirrhosis as
well as in models of PPVL-induced portal hyper-
tension, the same has not been observed in
pulmonary tissue.®'>' Nevertheless, in the present
study, we found that SOD activity was altered in
the homogenates of pulmonary tissue samples
collected from animals in the in the IN CCl -Ex and
BDL-Ex groups.

In the IN CCl,-induced cirrhosis model, altera-
tions in blood gas exchange and elevated levels of
SOD activity are observed, possibly as a defense
against the oxidative damage brought about by CCl,
inhalation. However, these alterations are not char-
acteristic of HPS, since inhaled CCl, has toxic effects
on the lungs and kidneys that are compounded by
the high arterial concentrations of the drug, which
promote its passage through the lungs, through the
pulmonary circulation and into the left atrium.?®

In the present study, the animals submitted to
BDL presented significantly greater lipoperoxidation
(higher levels of TBARS and chemiluminescence)
than did the corresponding controls. This finding
might be associated with increased production
of free radicals, since bacterial translocation and
phagocytic migration into the pulmonary tissue
increase the generation of superoxide anions capable
of oxidizing the plasmatic membrane, generating
a great quantity of reactive oxygen species. 1t is
possible that, in response to this damage, there was
anincrease in the activity of endogenous SOD, which
plays an important role in the cell redox balance,
since it dismutates the generated free radicals in an
attempt to protect the tissue against injury.

Among the various classical models of experi-
mental cirrhosis and portal hypertension, the model
of BDL-induced cirrhosis appears to be the most
useful for the study of HPS, since it produces true
cirrhosis and alters all arterial gas exchange parame-
ters, as well as increasing lipoperoxidation and SOD
antioxidant defense.
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