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Summary 

The objective was to assess the antioxidant eff ect of melatonin (MLT) on liver and lung tissues of animals with bile duct ligation (BDL)-induced 
hepato-pulmonary syndrome (HPS). A model of BDL-induced biliary cirrhosis was used in male Wistar rats. Results suggest that MLT has an 
antioxidant eff ect on liver and lung tissues in animals with BDL-induced HPS by higher activity of antioxidant enzymes in the group HPS treated with 
MLT and the histological analysis of lung parenchyma showing decreased damage in this same group, including other analysis described below.
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Introduction
Hepatopulmonary syndrome (HPS) is characterized by a 

combination of liver disease, gas exchange abnormalities, and 
pulmonary vascular dilation [1]. Intrapulmonary vascular 
dilation causes arteriovenous pulmonary changes leading to 
reduced arterial oxygenation [2]. These changes occur due 
to vasodilation of the pulmonary capillaries, difϐiculting gas 
exchange, reducing the partial pressure of arterial oxygen, and 
causing in patients dyspnea and increased respiratory rate. 
Experimental models of secondary biliary cirrhosis induced 
by prolonged bile duct obstruction showed that this condition 
leads to acute inϐlammatory reactions and subsequently to 
systemic changes [3].

HPS interferes with the physiological functioning of hepatic 
and pulmonary systems and thus contributes to the worsening 
of patient’s clinical status. This ϐinding has already been 
reported by Oded, et al. who investigated the clinical status of 
patients with cystic ϐibrosis and portal hypertension [4].

Studies using experimental models of bile duct ligation 
(BDL) found that pulmonary vascular dilatation that 
characterizes HPS may result from autophagy promoted 
by pulmonary tissue cells responsible for accelerating the 
formation and proliferation of pulmonary macrovascular 
endothelial cells. One of the stimuli that cause pulmonary 
alteration is related to the release of inϐlammatory factors, 
such as tumor necrosis factor alpha (TNF-α) and endothelin-1 
(ET-1).

https://crossmark.crossref.org/dialog/?doi=10.29328/journal.jprr.1001033&domain=pdf&date_stamp=2021-10-13
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The binding of ET-1 to its receptor activates pulmonary 
endothelial nitric oxide synthase (eNOS), leading to excessive 
production of nitric oxide (NO), a natural vasodilator. Bacterial 
translocation and subsequent accumulation of pulmonary 
macrophages result in the production of inϐlammatory 
cytokines, which contribute to NO-mediated vasodilation 
through increased expression of induced nitric oxide synthase 
(iNOS).This mechanism aims to remove organelles that were 
damaged in the pathophysiological process caused by liver 
disease [5,6]. 

Oxidative stress has a key role in the progression 
and maintenance of several diseases, meaning that the 
administration of antioxidants may contribute to reduce 
hepatic and pulmonary changes. This was observed in 
experimental studies using a BDL model of HPS and antioxidant 
therapy [7,8]. Although melatonin (MLT) is usually associated 
with control and treatment of circadian rhythm changes, in 
recent years it has been much investigated for its antioxidant 
capacity in several tissues [9]. 

Liver tissue changes resulting from BDL-induced cirrhosis 
and the effect of melatonin were analyzed in the study by 
Colares, et al. which observed improvements in parenchymal 
structure and in liver function after the use of melatonin [10]. 
The effect of antioxidants such as quercetin and S-nitroso-N-
acetylcysteine (SNAC) on HPS has been studied elsewhere 
[11-13], but the effect of melatonin on lung tissue has not been 
described in the literature yet.

In a review by Tan, et al. MEL was found to be more efϐicient 
in reducing oxidative/nitrosative stress compared with other 
antioxidants like vitamins C and E [9]. In cells, MLT is for gene 
regulation of genes and nuclear factors contributing to the 
formation and regulation of antioxidant enzymes [14]. It also 
contributes to the clinical treatment of several diseases [15], 
however, the results and mechanisms of this treatment are 
still controversial in the literature, depending on the tissue 
being evaluated. Thus, the action of MLT on liver and lung 
diseases such as HPS, especially its antioxidant effect, requires 
further study.

The aim of this study was to evaluate the antioxidant effect 
of MLT on liver and lung tissues in animals with BDL-induced 
HPS.

Material and methods
An experimental study was conducted with 24 male 

Wistar rats with a mean weight of 250 g and from the Animal 
Experimentation Unit at Hospital de Clínicas de Porto Alegre. 
They were maintained on a 12:12 h light/dark cycle, at a 
temperature of 22 + 2 ºC, at a relative air humidity between 
40% - 60%, and were given water and standard rat feed ad 
libitum.

A model of secondary biliary cirrhosis was used according 
to that established by Kountouras [16], based on bile duct 

ligation (BDL). The sample was divided into four groups of six 
animals each. Group 1: Control group (CG) - a simulation of 
BDL was performed and vehicle solution – sodium chloride 
(NaCl 0.9%) – was administered intraperitoneally (i.p.). 
Group 2: Control group + melatonin (CG+MLT) - a simulation 
of BDL was performed and MLT was administered i.p. (20 
mg/kg of body weight). Group 3: Hepatopulmonary syndrome 
(HPS) was performed and vehicle solution – sodium chloride 
(NaCl 0.9%) was administered i.p. Group 4: Hepatopulmonary 
syndrome + melatonin (HPS+MLT) – BDL was performed and 
MLT was administered i.p. (20 mg/kg of body weight).

After fourteen (14) days of BDL the animals received the 
vehicle or MLT according to the group and after fourteen (14) 
days of treatment were anesthetized to collection of blood 
and lung, liver, and femur tissues, totaling twenty-eight (28) 
days of experiment. Blood samples collected by retro-orbital 
venous plexus puncture were used to assess liver function 
by measuring the levels of the following enzymes: aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), 
and alkaline phosphatase (AP). Analyses were performed 
using an automated enzymatic method (Siemens Advia 1800 
Chemistry System). AST and ALT levels were determined 
by the Kinetic UV test, and AP levels were determined by a 
colorimetric kinetic enzyme assay.

The vehicle solution or MLT started to be administered 
14 days after the surgical procedure, with MLT (SIGMA® 
Chemical Co St Louis, Mo) being administered i.p. (20 mg/kg) 
at a volume proportion of 0.6 mL daily for 14 days. 

After being collected, tissues were weighed and placed in a 
9 mL phosphate buffer per gram of tissue, then homogenized 
with Ultra-Turrax (IKA-WERK) for 2 minutes at a temperature 
of 0-2 ºC, and ϐinally homogenized and centrifuged in a 
refrigerated centrifuge (SORVALL RC-5B Refrigerated 
Superseed Centrifuge) for 10 minutes at 4,000 revolutions per 
minute (rpm) [17]. 

Lipoperoxidation (LPO) was measured through the 
quantitative thiobarbituric acid-reactive substances (TBARS) 
method, in which the colored product obtained was collected 
and read in a spectrophotometer (CARY 3E – UV – Visible 
Spectrophotometer Varian) at 535 nm. TBARS levels were 
expressed in nmol/mg of protein [18].

Catalase (CAT) enzyme activity was determined using the 
method proposed by Boveris and Chance [19], and superoxide 
dismutase (SOD) activity was determined using an assay based 
on the ability of SOD to inhibit the formation of adrenochrome, 
a product resulting from the oxidation of adrenaline [20]. 

Glutathione peroxidase (GPx) is an enzyme that catalyzes 
the reaction of hydroperoxide with reduced glutathione 
(GSH), yielding oxidized GSH (GSSG) and the product of 
hydroperoxide reduction. Its activity may be determined 
by measuring the consumption of nicotinamide adenine 
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dinucleotide phosphate (NADPH) when reducing GSSG to GSH 
[21]. 

The glutathione S-transferase (GST) activity assay is based 
on an enzyme reaction which at 30 °C catalyzes the formation 
of 1 μmol DNP-SG using a GSH concentration of 1 mmol/L 
and chloro dinitrobenzene (CDNB). The enzyme activity was 
measured spectrophotometrically at 340 nm and expressed 
as μmol/min/mg protein [22].

Nitric oxide production was indirectly measured with 
a quantitative Griess colorimetric assay, which is based on 
enzymatic reduction of nitrates (NO3) to nitrites (NO2) in the 
presence of nitrate reductase and NADPH, with subsequent 
colorimetric determination of NO2 by the Griess reagent (a 
mixture of sulphanilamide and naphthylethylenediamine 
speciϐic for NO2). Because excess NADPH inhibits the Griess 
reaction, it is necessary to oxidize all NADPH that was not 
used in the reduction of NO3. This was achieved by adding 
nitrate reductase. The reading was performed in a microplate 
reader at 540 nm and results were expressed in mmol of NO2/
NO3 [23].

Cytokine levels were determined with the enzyme-
linked immunosorbent assay (ELISA) method (Read-SET-
Go, eBioscience, San Diego, USA). Interleukin-1β (IL-1β) was 
expressed in pg/mL, as described previously [24].

SOD, inducible nitric oxide synthase (iNOS), and activation 
of nuclear factor kappa B (NF-kB) were assessed using 
Western blot analysis, as described by Laemmli, et al. [25] and 
Towbin, et al. [26]. Nuclear extracts were prepared from lung 
homogenates and the supernatant was collected and stored 
at -80 °C. Lysate proteins were fractioned by sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and 
transferred to polyvinylidene ϐluoride (PVDF) membranes. 
The membranes were then blocked with 5% nonfat dry milk 
in Tris-buffered saline containing 0.05% Tween 20 (TTBS) for 
1 h at room temperature and probed overnight at 4 ºC with 
anti-NF-kB/p65 (SC8008/65kDa) antibodies (Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) at 1:200-1,000 dilution 
with TTBS in 5% nonfat dry milk and with anti-β-actin 
(A5060/42kDa) antibodies (Sigma Aldrich, St Louis, MO, USA) 
at 1:2,000 dilution with TTBS in 5% nonfat dry milk. After 
washing with TTBS, the membranes were incubated for 1 h 
at room temperature with anti-IgG-horseradish peroxidase 
(HRP) antibodies (Santa Cruz Biotechnology, Santa Cruz, CA, 
USA) at 1:4,000 dilution. 

Proteins were detected using an enhanced chemilum-
inescence (ECL) commercial kit (Amersham Pharmacia 
Biotech, Little Chalfont, UK), membranes were exposed for 2 
min, bands were quantiϐied by densitometry using the Scion 
Image 4.02 for Windows (Scion Corporation, Frederick, USA), 
and results were expressed in arbitrary units (a.u.). 

Hematoxylin and eosin (HE) and picrosirius red staining 

were used for histological examination of the lung. The 
diameter of blood vessels and the degree of ϐibrosis in lung 
tissues were assessed. 

Samples for arterial blood gas analysis were collected from 
abdominal aorta to evaluate the following variables: potential 
of hydrogen (pH), partial pressure of carbon dioxide (PCO2), 
partial pressure of oxygen (PaO2), carbonic acid (HCO3), 
and oxygen saturation (SpO2). Gas analysis was performed 
by iontophoresis using an ABL 700 analyzer (Radiometer, 
Copenhagen). 

All animals were killed by exsanguination under deep 
anesthesia and then lung tissue was taken for analysis. 

The comet assay was used to analyze the index and 
frequency of DNA damage as described by Speit and Hartmann 
[27], including changes suggested by Picada, et al. [28]. 
Damage index (DI) may range from 0 (completely undamaged, 
100 cells x 0) to 400 (maximum damage), and the damage 
frequency (%) was calculated based on the number of cells 
with tail versus those with no tails [28].

Repeated-measures one-way analysis of variance 
(ANOVA) was used for intergroup comparison. Differences 
were assessed by the Student–Newman–Keuls procedure 
and data were analyzed using the Statistical Package for the 
Social Sciences (SPPS) version 17.0 or higher. The level of 
signiϐicance was set at p < 0.05.

Results
Table 1 shows the results for hepatic enzymes 

(transaminase activity), lung tissue LPO, and activity of 
antioxidant enzymes and reveals the effects of MLT on the 
treated groups. 

Figure 1 presents the results for NO2/NO3 ratio in lung 
tissue. The NO2/NO3 ratio and interleukin-1 β. levels were 
signiϐicantly increased in the HPS group compared with the CG 
and CG+MLT groups (p < 0.05) but decreased in the HPS+MLT 
group compared with the HPS group (p < 0.05).

The HPS group also showed a decrease in SOD and an 
increase in iNOS and p65 compared with the CG and CG+MLT 
groups (p < 0.05), whereas the HPS+MLT group exhibited an 
increase in SOD and a decrease in iNOS and p65 compared 
with the HPS group (p < 0.05) (Figure 2).

Figure 3 shows that the diameter of pulmonary vessels 
was signiϐicantly increased in the HPS group compared with 
the CG and CG+MLT groups but signiϐicantly decreased in the 
HPS+MLT group compared with the HPS group (p < 0.05).

Histological analysis of lung tissue (Figure 4A) revealed 
preserved lung parenchyma with ventilated alveoli and 
alveolar septa. The HPS group exhibited tissue disorganization 
associated with increased vascular diameter and inϐlammatory 
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Table 1: Activity of hepatic enzymes, lipid peroxidation, and antioxidant activity in lung tissue.
Groups CG CG ± MLT HPS HPS ± MLT

AST (U/L) 82.25 ± 9.31 94.75 ± 7.95 444.50 ± 48.12* 106.33 ± 18.48#

ALT (U/L) 38.25 ± 1.44 36.75 ± 2.53 113.25 ± 12.19* 38.67 ± 0.76#

AP (U/L) 110.75 ± 4.01 106 ± 5.94 395.75 ± 36.42* 97.67 ± 10.80#

TBARS 0.38 ± 0.05 0.37 ± 0.07 0.83 ± 0.07* 0.50 ± 0.04#

CAT 8.32 ± 0.45 9.09 ± 0.36 5.17 ± 0.25* 8.52 ± 0.40#

GST 2.54 ± 0.37 2.08 ± 0.39 7.78 ± 0.43* 3.95 ± 0.70#

SOD 4.37 ± 0.38 4.79 ± 0.29 1.99 ± 0.19* 4.24 ± 0.61#

GPx 6.68 ± 0.23 5.96 ± 0.22 3.21 ± 0.12* 6.88 ± 0.47#

Data expressed as mean ± standard error. Experimental groups: Control group (CG), Control ± melatonin group (CG ± MLT), hepatopulmonary syndrome group (HPS), and 
hepatopulmonary syndrome ± melatonin group (HPS ± MLT).
AST- aspartate aminotransferase, ALT- alanine aminotransferase, AP- alkaline phosphatase
*Signifi cant increase in the HPS group compared with the CG and CG ± MEL groups (p < 0.001). 
#Signifi cant decrease in the HPS ± MLT group compared with the HPS group (p < 0,001).
TBARS- thiobarbituric acid-reactive substances, CAT- catalase, GST- glutathione-S-transferase, SOD- superoxide dismutase, and GPx- glutathione peroxidase. 
*Diff erence in the HPS group compared with the CG and CG ± MLT group; p < 0.01.
#Diff erence in the HPS ± MLT group compared with the HPS group; p < 0.001.

Table 2: Arterial blood gas
Groups CG CG ± MLT HPS HPS ± MLT

pH 7.37 ± 0.04 7.35 ± 0 7,24 ± 0* 7.36 ± 0.01#

PCO2 45 ± 1.41 45 ± 1.41 56.66 ± 1.51** 46.33 ± 3.05##

PO2 77 ± 2.82 73.50 ± 0.7 57.20 ± 6.22# 73 ± 4.58##

HCO3 25.95 ± 0.91 25.77 ± 1.19 26.48 ± 0.96 25.03 ± 1.2
SpO2 92 ± 3.43 92 ± 1.41 81.33 ± 5.77# 92.50 ± 2.64##

Data expressed as mean ± standard error. 
Experimental groups: control group (CG), control group ± melatonin (CG ± MLT), hepatopulmonary syndrome (HPS) and hepatopulmonary syndrome ± melatonin (HPS ± 
MLT).
pH- potential of hydrogen, PCO2- partial pressure of carbon dioxide, PO2- partial pressure of oxygen, HCO3- ion bicarbonate, SpO2- oxygen periferic saturation.
*Diff erence in pH between the HPS group compared with the CG and CG ± MLT, p < 0.05.
**Diff erence in PCO2 between the HPS group compared with the CG and CG ± MLT groups, p < 0.001.
#Diff erence in PO2 (p < 0.01) and SpO2 (p < 0.05) between the HPS group compared with the CG and CG ± MLT groups.
##Diff erence between HPS ± MLT and HPS groups, p < 0.05.

Table 3: Comet assay in the diff erent groups.
Group Damage index Damage frequency

CG 68.6 ± 26.3 59.2 ± 20.2
CG ± MLT 72.9 ± 16.8 67.6 ± 12.9

HPS 233.2 ± 43.4* 96.8 ± 4.6 *
HPS ± MLT 117.7 ± 20.3# 73.9 ± 12.6#

Data expressed as mean ± standard error. 
Experimental groups: Control group (CG), Control group ± melatonin (CG ± MLT), hepatopulmonary syndrome group (HPS), and hepatopulmonary syndrome ± melatonin 
(HPS ± MLT) 
*Signifi cant increase in the HPS group compared with the CG and CG ± MLT groups (p < 0.05). 
#Decrease in the HPS ± MLT group compared with the HPS group (P < 0.05).

Figure 1: Nitrite/nitrate (NO2/NO3) ratio and interleukin 1-β. Experimental groups: Control group (CG), Control group+Melatonin (CG+MLT), Hepatopulmonary syndrome 
group (HPS), and Hepatopulmonary syndrome+Melatonin group (HPS+MLT). 
*Signifi cant increase in the HPS group compared with the CG and CG + MLT groups (p < 0.05). 
#Signifi cant decrease in the HPS+MLT compared with the HPS group (p < 0.05).
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inϐiltrate in lung parenchyma. Conversely, the HPS+MLT 
group showed tissue restructuring, similar to that of the CG 
and CG+MLT groups, but also presented with inϐlammatory 
inϐiltrates. Figure 4B shows a photomicrograph of lung tissue 
sections evidencing increased pulmonary ϐibrosis in the 
HPS group compared with the CG and CG+MLT groups. This 
change was attenuated by treatment with MEL, since there 

was a decrease in pulmonary ϐibrosis in the HPS+MLT group 
compared with the HPS group. 

Arterial blood gas analysis (Table 2) revealed a signiϐicant 
decrease in pH (p < 0.05) and an increase in PCO2 (p < 0.001) in 
the HPS group compared with the CG and CG+MLT groups, as 
well as a decrease in PO2 and SpO2 in the HPS group compared 

Figure 2: Western blot of superoxide dismutase (SOD), inducible nitric oxide synthase (iNOS), and p65. 
*Signifi cant increase compared with the CG and CG+MLT groups and signifi cant decrease in the HPS group; p < 0.05.

Figure 3: Photomicrograph of lung vascular diameter (mm). Data expressed as mean + standard error.
Experimental groups: Control group (CG), Control+Melatonin group (CG+MLT), Hepatopulmonary syndrome (HPS) and Hepatopulmonary syndrome+Melatonin 
(HPS+MLT).
*Signifi cant increase in the HPS group compared with the CG and CG+MLT groups (p < 0.05). 
#Signifi cant decrease in the HPS+MLT group compared with the HPS group (p < 0.05).
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with the CG (p < 0.01) and the CG+MLT groups (p < 0.05). 
All these variables were improved in the HPS+MLT group 
(p < 0.05) compared with the HPS group. 

Table 3 shows that damage index and frequency as 
determined by the comet assay were signiϐicantly increased 
in the HPS group compared with the CG and CG+MLT groups 
(p < 0.05) and signiϐicantly decreased in the HPS+MLT group 
compared with the HPS group (p < 0.05). 

Discussion
This study was able to demonstrate the antioxidant and 

anti-inϐlammatory effect of MLT on liver and lung tissues, and 
our experimental model found a decrease in the index and 
frequency of DNA damage and reduced histological damage in 
lung parenchyma.

Using the same experimental model to assessed pulmonary 
alterations caused by BDL, Tieppo, et al. [29] found an increase 
in AST, ALT and AP activity and changes in lung parenchyma. 
These results were similar to those obtained in the present 

study, which found changes in hepatic enzymes and lung 
tissue, with improvements after treatment with MLT. 

A study by Colares, et al. [10], using the same experimental 
model as ours showed that hepatic alterations observed in 
animals with HPS improved after treatment with MLT, but 
lung tissue was not assessed. 

In chronic diseases affecting different organs such as liver, 
lung, and nervous system, it is possible to observe an increase 
in the amount of collagen and proteins in tissues composing 
these organs [30]. Oxidative stress as assessed by LPO 
promotes disorganization in cell membranes, with increased 
permeability and leakage of enzymes between intra- and 
extracellular media, leading to cell death [31]. In the present 
study, there was an increase in lung tissue LPO in the HPS 
group, but these levels were reduced in the HPS+MLT group. 

The activity of the antioxidant enzymes CAT, SOD, and GPx 
had a signiϐicant decrease in the HPS group compared with 
the CG and CG+MLT groups, and an increase in the HPS+MLT 
group compared with the HPS group. However, glutathione-

Figure 4: (A) Photomicrograph of lung parenchyma by HE, magnifi cation of 400X. (B) Photomicrograph of lung tissue samples stained with picrosirius (magnifi cation of 400X). 
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S-transferase (GST) showed an opposite behavior, with a 
signiϐicant increase in the HPS group and a decrease in the 
HPS+MLT group. 

The antioxidant defense system, composed mainly of SOD, 
CAT and GPx, may be the responsible for this tissue response 
because this system neutralizes reactive oxygen species (ROS) 
due to its capacity of donating electrons [32]. 

Bona, et al. [33] showed the antiϐibrinogenic effect of 
MLT in the liver tissue, with improved oxidative stress, and 
inϐlammatory and angiogenic processes caused by liver 
cirrhosis experimentally induced by CCl4 in rats.

MLT is an indoleamine that has a potent antioxidant effect 
due to its chemical structure consisting of a double bond at 
carbons 2 and 3, thus protecting different tissues against the 
action of free radicals [34] and having an anti-inϐlammatory 
and immunomodulatory action [35].

We believe that, in our study, MLT was responsible for 
removing the reactive oxygen species (ROS) in lung tissue 
and for regulating antioxidant enzyme activity, exhibiting a 
similar effect to that observed in the liver tissue by Schemitt, 
et al. [36].

There was also an indirect increase in nitric oxide 
metabolism assessed by the ratio between nitrites and 
nitrates in the HPS group compared with the CG and CG+MLT 
groups and a decrease in the HPS+MLT group compared with 
the HPS group. A similar result was reported by Feng & Hong 
[37], who evaluated vasoactive substances and hemodynamic 
anomalies in patients with HPS caused by chronic liver disease, 
with increased concentrions in the ratio between nitrites and 
nitrates and a negative correlation with vascular resistance in 
the pulmonary artery.

Arginine metabolism mediated by nitric oxide synthases, 
especially by endothelial nitric oxide synthase (eNOS), has 
an important participation in the production of endogenous 
nitric oxide (NO) and in circulating nitrate levels in the 
organism [38]. iNOS and eNOS contribute to the development 
of HPS through pulmonary vasodilation, and exhaled nitric 
oxide levels were also increased in patients with HPS [39]. 

Using an experimental model of carbon tetrachloride 
(CCl4), Bona, et al. [33] reported increased NF-kB and iNOS 
and increased nuclear expression of the p65 subunit. These 
ϐindings were consistent with those of the present study, 
which demonstrated an increased iNOS in the HPS group 
and reduced iNOS in the HPS+MLT group. In agreement with 
the studies by Bona, et al. [33] and Mauriz, et al. [40], MLT 
promoted the modulation of NF-kB, thus enabling the control 
of the inϐlammatory process, as shown by the reduction in iNOS 
in the HPS+MEL group. The same occurred with interleukin 
1-β, which exhibited increased levels in the HPS group and 
reduced levels in the HPS+MLT group, corroborating ϐindings 

by Kunak, et al. [41], although these authors evaluated the 
kidney tissue. 

This mechanism may be explained by the action 
of phagocytic cells that act in the process of bacterial 
translocation occurring in the HPS, in which the migration 
of macrophages to the lung tissue leads to production of 
superoxide radical anion (O2.-) that binds to the nitric oxide 
produced by the iNOS. Increased enzyme antioxidant activity 
as observed by the signiϐicant increase in SOD expression in 
lung tissue homogenates in the HPS group may be a response 
to protect the tissue against aggression caused by increased 
ROS.

The histological analysis of the lung tissue performed in the 
present study revealed tissue disorganization in the HPS group, 
with increased vascular diameter and inϐiltrate area in lung 
parenchyma, with tissue restructuring and reduced vascular 
diameter in the HPS+MLT group. Vascular disorganization 
with arteriovenous shunt and pulmonary vasodilatation 
compromise the maintenance of adequate levels of arterial 
oxygen. In the HPS group, limited oxygen diffusion to capillary 
result from the presence of vascular bed dilation associated 
with increased cardiac output characteristic of hyperdynamic 
circulation in cirrhosis rather than from thickening of alveolar-
capillary membrane [42]. 

Tieppo, et al. [7] found a decrease in PaO2 and SatO2/Hb and 
a signiϐicant increase in PaCO2 in cirrhotic animals compared 
with the CG. These ϐindings corroborate those of the present 
study, arterial blood gas parameters pH, PaO2, PaCO2, SpO2 
were reestablished after treatment with MLT.

DNA changes may be assessed by micronucleus and comet 
assays, and this study found a signiϐicant increase in damage 
index and frequency in the HPS group and a reduction in 
animals treated with melatonin. In the study by Vercelino, 
et al. [43], there was an increase in the frequency of micronuclei 
in bone marrow and increased DNA damage in lung and liver 
tissues in animals from the HPS group, although damage could 
not be reversed at a dose of 10 mg/kg using treatment with 
S-NAC antioxidant, a fact that occurred in our study after the 
administration of melatonin.

A recent study published by Bomena, et al. [44] assessed 
the diagnostic accuracy of hepatopulmonary syndrome (HSP) 
in cirrhosis according to the International Classiϐication of 
Diseases (ICD) for hepatopulmonary syndrome (HSP) in a 
large integrated health care system. The diagnosis of HPS by 
ICD code is made in an extremely small subset of a sizeable 
cirrhotic cohort. Studies to understand the pathophysiological 
processes can help clinical studies, as there is a difϐiculty in 
evaluating patients with SHP. 

The results of the present study indicate that MLT has 
the capacity of improving oxidative stress, activity of the 
antioxidant enzymes CAT, SOD, GPx, and GST, SOD expression, 
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inϐlammatory process, gas exchanges, vasodilation, DNA 
damage index and frequency, suggesting its use in clinical 
trials in patients with chronic liver disease diagnosed with 
HPS.
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