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Melatonin effects on pulmonary tissue in the
experimental model of Hepatopulmonary
Syndrome
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ABSTRACT

Objective: To evaluate the pulmonary alterations of animals with Hepatopulmonary
Syndrome (HPS) submitted to Biliary Duct Ligature (BDL), as well as the antioxidant
effect of Melatonin (MEL). Methods: Sixteen male Wistar rats, divided into four Sham
groups: BDL group, Sham + MEL group and BDL + MEL. The pulmonary and hepatic
histology, lipoperoxidation and antioxidant activity of lung tissue, alveolar-arterial 02
difference and lung / body weight ratio (%) were evaluated. Results: \When comparing
the groups, could be observed an increase of vasodilation and pulmonary fibrosis in the
BDL group and the reduction of this in relation to the BDL + MEL group. It was also
observed significant changes in the activity of catalase, ApCO2, ApQO, in the LBD group
when compared to the other groups. Conclusion: The use of MEL has been shown to
be effective in reducing vasodilation, fibrosis levels and oxidative stress as well as gas
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INTRODUCTION

The Cirrhosis is presented in the presence of fibrotic
nodules in the liver that arise as a result of chronic liver
injury.® Such alterations can lead to portal hypertension
and terminal liver disease, which generate alterations
in the vascular system and affecting different organs.®
In the respiratory system, Hepatopulmonary Syndrome
(HPS) and Portopulomonar Hypertension are the two main
clinical conditions that affect the lungs.® Hepatopulmonary
Syndrome is the most common vascular disorder found in
patients with cirrhosis, which is responsible for pulmonary
vasodilation, hyperdynamic circulation and changes in
gas exchange.??

Abnormalities in gas exchange presented by HPS
patients are associated with the presence of arteriovenous
shunts, ventilation-perfusion discrepancies and diffusion-
perfusion.® These changes present in HPS are mostly
explained by intra-pulmonary® vasodilatation and
angiogenesis, and different animal models are used to
simulate hepatic cirrhosis, and the Biliary Duct Ligature
(BDL) model best simulates the present alterations in
the syndrome.®

exchange in an experimental HPS model.
Keywords: Bile duct; Hepatopulmonary Syndrome; Melatonin; Lung.

The BDL model is capable of causing gastric changes
similar to those found in HPS® patients. The angiogenesis
process is also present in the BDL model, that is the
an alteration present due to the action of the Vascular
Endothelial Growth Factor-A (VEGF-A), which is produced
by intravascular pulmonary monocytes.®® Pulmonary
vasodilation in the HBL experimental model is associated
with increased production of Endothelin-1 (ET-1) and
Endothelial Nitric Oxide Synthase (eNOS).©®

Recent studies that investigate the therapeutic potential
of Melatonin (MEL) suggest that its antioxidant power
can be used in the treatment of HPS, since it has an
anti-inflammatory effect” and reduces VEGF levels in
hepatic carcinoma cells, contributing to the reduction of
angiogenesis.® Melatonin also has therapeutic effects
in animal models of fulminant hepatitis and pulmonary
hypertension, reducing oxidative stress and preventing
the reduction of the activity of antioxidant enzymes. -1V
In lung tissue, Melatonin exerts protective effect in animal
models of cirrhosis induced by carbon tetrachloride.(*?

Due to the existence of an experimental model that
simulates HPS and the potential therapeutic effect of
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Melatonin in this syndrome, this study aims to evaluate
the pulmonary alterations of animals submitted to
Biliary Duct Ligature, as well as the antioxidant effect
of Melatonin.

METHODS

In this study 16 male Wistar rats were used, weighing
250 g on average. The animals were obtained by the
vivarium of University of Brazil Lutheran (ULBRA)
and were housed in plastic boxes (47 x 34 x 18 cm)
covered with wood shavings, which was stored in a
controlled environment with a temperature between 20
and 25 °C. The animals were kept in a light / dark cycle
of 12 / 12h, with free availability for water and food.
The research project was previously approved by the
ULBRA Ethics Committee for Animal Use (ECAU-ULBRA),
and all research procedures are in accordance with the
rules established by Law Number 11,794 of October
11, 2008 and by the Guideline Brazilian Association of
Practice for the Care and Use of Animals for Scientific
and Educational Purposes.

The procedure of Common Bile Duct Ligature (CBDL)
was used for the development of HPS, according to
the one recommended by Kountouras et al.** Prior
to all surgical procedures, the animals received an
anesthetic dose of Xylazine 2% (50mg / kg body
weight) and Ketamine (100mg / kg body weight), both
injected into the intraperitoneal region. The period for
the development of the model was 14 days, followed
by another 14 days for the treatment with melatonin.
The total period of experiment was 28 days, and at
the moment of euthanasia, the animals received a
dose three times higher than the one used for the
surgical procedure.

Four groups (n = 4) were used in the study: Sham
group: A simulated CBDL surgical procedure was
performed, manipulation of the bile duct with the
anesthetized animal and the animals also received
intraperitoneal injection of NaCl (0.9%) as on the 15th
day after surgery, for 14 days. Sham+Melatonin Group
(Sham + MEL): The surgical procedure for CBDL was
simulated, and administration of Melatonin (20mg /
kg) took places by intraperitoneal injection for 14 days,
starting on the 15th day after surgery. Biliary Duct
Ligature Group (BDL): The animals were submitted
to CBDL and NaCl application (0.9%) intraperitoneally
for 14 days, starting on the 15th day after surgery.
Biliary Duct Ligature Group + Melatonin (BDL + MEL):
The animals were submitted to CBDL and received
Melatonin (20mg / kg) by intraperitoneal injection
for 14 days, starting on the 15th day after surgery.

The laboratory tests were performed at the Laboratory
of Clinical Analyzes of the Hospital of Clinics of Porto
Alegre (HCPA - Laboratdrio de Andlises Clinicas do
Hospital de Clinicas de Porto Alegre), and the other
analyzes and procedures were performed at the
Laboratory of Experimental Hepatology of the Hospital
of Clinics of Porto Alegre (HCPA - Laboratério de
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Hepatologia Experimental do Hospital de Clinicas de
Porto Alegre).

After 28 days after surgery, the animals were weighed
and anesthetized and blood was collected through the
Retro-Orbital Bleeding Collection Technique,** with the
objective of analyzing liver enzyme levels. Subsequently,
an anteromedial laparotomy was performed to collect
blood from the abdominal aorta for gas analysis, using
an ABL 700 Radiometer (Copenhagen, Denmark) for
the measurement of blood gases. The iontophoresis
method was used to measure the Partial Arterial Oxygen
Pressure (ApO2), Partial Arterial Carbon Gas Pressure
(ApCO2) and Arterial Oxygen Saturation (Sa02).
Alveolar Oxygen Pressure (APO2) was calculated by
the following formula: APO2 = Inspired fraction of 02
(Fi02) -ApCO2 / 0.8.¢* The Alveolar-Arterial Oxygen
Difference (D (A-a) 02) was calculated by the formula:
D (A-a) 02 = APO2-Ap02.(*9

After euthanasia, the lung was weighed for later
analysis of the Pulmonary Weight / Body Weight
relation. A portion of the liver and lower right lung lobe
was removed for histological analysis, the remainder
of the lung tissue introduced into liquid Nitrogen and
stored at -80 °C for further analysis. Pulmonary and
hepatic samples collected for histological analysis
were inserted in 10% formaldehyde solution for 12
hours, and later inserted in 70% alcohol containers
and stained with Hematoxylin and Eosin (HE) staining,
the pulmonary samples were also stained of picrosirius.
The histological analyzes were performed in a blinded
experiment manner by specific pathologists from the
HCPA Pathology Laboratory.

Frozen lung tissue was homogenized by an Ultra-Turraz
homogenizer (IKA Labortechnik, Staufen, Germany)
in phosphate buffer (140 mM KCI, 20 nM Phosphate,
pH 7.4). The lipoperoxidation was measured by the
technique of substances that react to Thiobarbituric
Acid (TBARS).(*®) The activities of the enzymes
Catalase (CAT) and Glutathione-S-transferase (GST)
were measured through the Spectrophotometer.*7:1®)

Averages and Standard Deviations (SD) were
calculated. The data were analyzed by Analysis of
Variance (ANOVA) followed by Tukey post hoc test.
Values were considered significantly different when p
<0.05. Statistical Package for Social Sciences software
(SPSS Inc., Chicago, IL, USA) version 21.0 was used.

RESULTS

The analysis of the liver enzymes activity and liver
histology confirmed the diagnosis of Cirrhosis. In Figure
1, it can be seen from the pulmonary histological
analysis that the animals of the BDL group presented
vessels with increased diameters in relation to the
other groups. Since the findings in each group are
very similar, only one histological example will be
presented for each experimental group.

In Table 1, the results regarding changes in gas
exchange through Arterial blood gas test, with values
referring to Ap0O2, ApC02, Sa02, APO2 and D (A-a)
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02 can be observed, being compared among the four
experimental groups. Significant differences were found
for ApCO2 and APO2, and the values for the BDL group
were significantly increased and decreased, respectively,
in relation to the other groups (p <0.05). The Table 2
also shows a significant increase (p <0.01) ratio lung
weight / body weight in the BDL group compared to
the other experimental groups.

Intrapulmonary vasodilation associated with gastric
abnormalities confirms the experimental HPS model.
The decrease in intrapulmonary vasodilation, ApCO2
and pulmonary / body weight ratio in the BDL + MEL
group, as well as the increase of APO2 in relation to
BDL, which suggest a protective effect of MEL in the
pulmonary tissue before HPS.

The Table 1 shows results regarding the lipoperoxidation
process and activity of the antioxidant enzymes
characterized by TBARS, CAT and GST values. The
increased values of TBARS in the BDL group compared
to the other groups (p <0.01) indicate an increase
in lipoperoxidation in this experimental group. The
CAT activity was significantly lower in the BDL group
(p <0.01), while GST activity in the BDL group was
significantly increased in relation to the other groups.
The BDL + MEL group presented lower results for the
TBARS values in relation to the BDL group, indicating
an antioxidant effect of MEL.

In Figure 2, an increase in pulmonary fibrosis, marked
by red staining, was found in the BDL group in relation
to the other groups. This process was reversed with

Table 1. Blood gases, alveolar-arterial oxygen gradient, and lung / body weight ratio in the four experimental groups.?

Variable Sham
ApO, 67+11.3
ApCO, 45:1.4
Sa0, 9114.2
APO, 93.411.7
D (A-a)0, 26.4+13

Pulmonary weight ratio/ body weight (%) 0.32+0.09

Sham+ MEL BDL BDL + MEL
66.3+12.4 57.2+6.2 71+5.4
48+5.2 56.6+1.5* 48.2+4.5
88.3:6.4 84.8+6.2 92.5+2.6
89.7:6.6 78.9+1.9* 89.415.7
23.4+5.9 21.745.7 18.4+11
0.34+0,05 0.57+0.05* 0.37+0.02

BDL: Biliary Duct Ligature; Sham+MEL: Sham and melatonin; BDL+MEL: Biliary Duct Ligature and melatonin.
ApO,: Arterial Partial Oxygen Pressure; ApCO,: arterial partial pressure of carbon dioxide; SaO,: arterial oxygen
saturation; APO,: alveolar partial pressure of oxygen; and D (A-a)0,: alveolar-arterial oxygen gradient. °Results
expressed by average + standard deviation. *p <0.05 vs. group Sham, Sham + MEL, BDL + MEL. **p <0.01 vs.
group Sham, Sham + MEL, HBL + MEL.

Figure 1. Microscopy images of pulmonary tissue samples stained by hematoxylin and eosin (HE), zoomed 100x. (A) Sham
Group; (B) Group Sham and Melatonin; (C) Group Biliary Duct Ligature; (D) Duct Ligature Group Biliary and Melatonin.
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the use of Melatonin, with pulmonary fibrosis being
shown to be decreased from the BDL + MEL group in
relation to the BDL group.

DISCUSSION

The increase in the diameter of the pulmonary vessels,
evidenced by the histological analysis by hematoxylin
and eosin (HE), in association with the gasometrical
alterations, confirms in the present study the induction
of HPS through the BDL surgery. The decrease in the
diameter of the pulmonary vessels in the BDL + MEL
group compared to the group HBL therapeutic effects
of Melatonin suggest the vascular adaptation process.

According to our results, the ApCO2 increased in

BDL group compared to the other groups, while APO2
decreased in the same group. Vercelino et al. also

* Melatonin effects on pulmonary tissue in the experimental model of Hepatopulmonary Syndrome

found an increase in PCO2 in the BDL group when
compared to the control group, as well as additional
alterations in the BDL group, with changes in ApO2,
Sa02 and D (A-a) 02 values. Several studies associate
the gasometrical alterations present in HPS with the
action of Nitric Oxide (NO) on lung tissue.*°2% Tieppo
et al.? found that the antioxidant action of Quercetin is
able to reverse the gasometrical alterations in the HPS
experimental model, suggesting that the antioxidant
is able to regulate the ON levels in the syndrome.
Our results demonstrate that Melatonin improves the
gas alterations in the BDL model, as well as reverses
intrapulmonary vasodilation, suggesting that Melatonin
plays a role similar to that of Quercetin in the regulation
of ON levels in HPS.

Vercelino et al. also found an increase in
lipoperoxidation and antioxidant activity of the SOD

Table 2. Levels of thiobarbituric acid-reactive substances (nmol / mg protein), antioxidant activity of the catalase
enzyme (pmol / min / mg prot.) And glutathione-s -transferase (nmol / min / mg prot.).?

Variable Sham Sham+ MEL BDL BDL + MEL
TBARS (nmol/mg protein) 0.38+0.09 0.37£0.15 0.83+0.13** 0.5:0.08
CAT (pmol/min/mg protein) 8.32+1.27 9.09+1.01 5.17+0.72** 8.52+1.14
GST (nmol/min/mg protein) 2.54+1.05 2.08+1.09 7.78+1.22** 3.95+1.99

TBARS: thiobarbituric acid reactive substances; CAT: catalase; GST (glutation-s-transferase). BDL: Biliary Duct
Ligature; Sham+MEL: Sham e melatonin; BDL+MEL: Biliary Duct Ligature and melatonin. 2Results expressed by
average + standard deviation. **p <0.01 vs. group Sham, Sham + MEL, BDL + MEL.

Figure 2. Microscopy images of the pulmonary tissue samples stained by picrosirius, zoomed of 100x. (A) Sham Group;
(B) Group Sham and Melatonin; (C) Group Biliary Duct Ligature; (D) Duct Ligature Group Biliary and Melatonin.

J Bras Pneumol. 2019;45(3):e20170164
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enzyme in lung tissue in the BDL group, as well as an
increase in lung weight / body weight ratio in animals
submitted to BDL surgery, matching with the results in
the present study. Maarman et al.(*") found an increase
in lung weight and a decrease in body weight in the
experimental model of Pulmonary Hypertension, which
was reversed by the use of Melatonin. Similarly, as in
this study, Melatonin was able to decrease the lung /
body weight ratio.

There was an increase in lipoperoxidation in the BDL
group and consequent reversal after administration of
Melatonin. A decrease in CAT activity and an increase
in GST activity were found in the BDL group, which
were reverted by the use of Melatonin. The increase
of oxidative stress in the body and consequent
lipoperoxidation is due to the imbalance between the
presence of free radicals and antioxidant agents.?
Although several results on the activity of CAT and
GST antioxidant enzymes are found in the literature,
the results of this study demonstrate a decrease in
lipoperoxidation and an improvement in the antioxidant
system after the use of Melatonin.

Several studies associate the use of Melatonin with
the reduction of lipoperoxidation, however the activity of
antioxidant enzymes with the use of Melatonin presents
diverse results.*"'Y Maarman et al.**) found a decrease
in the activity of SOD and CAT enzymes and plasma
lipoperoxidation in animals with Pulmonary Hypertension
treated with Melatonin. Taslidere et al.*? associate the
use of Melatonin with decreased lipoperoxidation and
increased activity of CAT and Glutathione (GSH) enzymes
in rat lung tissue after cirrhosis induced by Carbon
Tetrachloride (CCl4). Borges et al.?* demonstrate that
the use of Melatonin decreases muscle lipoperoxidation
generated by vigorous exercise, as well as increases
SOD activity, but there are no significant changes
in CAT and Glutathione Peroxidase (GPx) activity.
Similarly, Rosa et al.? demonstrated that Melatonin
decreases lipoperoxidation and increases SOD activity
in the liver of animals submitted to the experimental
Sleep Apnea model.

The results of this study, obtained through the
histological analysis by picrosirius, suggest that
Melatonin was able to reduce the accumulation of
pulmonary collagen (Figure 2). Maarman et al.**) found
a decrease in collagen in cardiac tissue after the use
of Melatonin in the model of Pulmonary Hypertension,
and Rosa et al.(*® found a reduction of hepatic collagen
after the use of Melatonin in the experimental model
of cirrhosis by CCl4.

The Melatonin’s antioxidant activity in liver and lung
tissue is associated with the reversal of the main changes
in the HPS. This therapeutic effect of melatonin may
occur by a direct improvement in antioxidant activity
in the lung, or simply by improving liver condition,
reversing the systemic changes in the disease. The
physical exercise also exerts a decrease in oxidative
stress and an increase in antioxidant activity in a
systemic way. Since cirrhosis and HPS affect different
organs, therapeutic interventions that act on the
different body systems are potentially more indicated
for the management of the pathology. Therefore, the
Melatonin use and the physical exercise practices,
associated with traditional and drug interventions well
established, may in the future help patients affected
by the disease.

This study presents a possible limitation of its
experimental design, which impairs the direct clinical
transposition of the findings to HPS patients. However,
it should be pointed out that the BDL model is the best
experimental model for the study of HPS because it
promotes true cirrhosis and changes all parameters of
arterial gas exchange, increase lipoperoxidation and
antioxidant defense.®

The MEL antioxidant action in lung tissue has been
shown to be effective in reducing vasodilatation, fibrosis,
oxidative stress, as well as improving pulmonary
weight / body weight ratio, PCO2 and APO2 in the
HPS experimental model. These findings suggest an
antioxidant effect of MEL on HPS pulmonary damage,
being effective in reducing the gasometrical and
structural changes caused by the syndrome.
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