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Abstract

BACKGROUND

Cirrhosis is an important health problem characterized by a significant change in
liver parenchyma. In animals, this can be reproduced by an experimental model
of bile duct ligation (BDL). Melatonin (MLT) is a physiological hormone
synthesized from serotonin that has been studied for its beneficial properties,
including its antioxidant potential.

AIM
To evaluate MLT’s effects on oxidative stress, the inflammatory process, and DNA
damage in an experimental model of secondary biliary cirrhosis.

METHODS

Male Wistar rats were divided into 4 groups: Control (CO), CO + MLT, BDL, and
BDL + MLT. MLT was administered (20 mg/kg) daily beginning on day 15 after
biliary obstruction. On day 29 the animals were killed. Blood samples, liver tissue,
and bone marrow were collected for further analysis.
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RESULTS

BDL caused changes in biochemical and histological parameters and markers of
inflammatory process. Thiobarbituric acid (0.46 + 0.01) reactive substance levels,
superoxide dismutase activity (2.30 * 0.07) and nitric oxide levels (2.48 + 0.36)
were significantly lower (P < 0.001) n the groups that received MLT. DNA
damage was also lower (P < 0.001) in MLT-treated groups (171.6 + 32.9) than the
BDL-only group (295.5 + 34.8). Tissue damage and the expression of nuclear factor
kappa B, interleukin-1p, Nrf2, NQO1 and Hsp70 were significantly lower in
animals treated with MLT (P < 0.001).

CONCLUSION
When administered to rats with BDL-induced secondary biliary cirrhosis, MLT
effectively restored the evaluated parameters.

Key Words: Antioxidants; Secondary biliary cirrhosis; Oxidative stress; Melatonin; Bile
duct ligation

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The experimental model of secondary biliary cirrhosis, by ligation of the
main bile duct, mimics the clinical situation, with biochemical, enzymatic, histological
changes, and similar biological, inflammatory, genotoxic markers and oxidative stress
triggers. Melatonin, used as an antioxidant therapeutic agent, has been shown to be
effective in reversing the changes caused at different levels due to its antioxidant, anti-
inflammatory, cytoprotective action, including a reduction in DNA damage, with
significant improvement and future therapeutic potential.

Citation: Colares JR, Hartmann RM, Schemitt EG, Fonseca SRB, Brasil MS, Picada JN, Dias
AS, Bueno AF, Marroni CA, Marroni NP. Melatonin prevents oxidative stress, inflammatory
activity, and DNA damage in cirrhotic rats. World J Gastroenterol 2022; 28(3): 348-364

URL: https://www.wjgnet.com/1007-9327/full/v28/i3/348 . htm

DOI: https://dx.doi.org/10.3748/wjg.v28.i3.348

INTRODUCTION

Secondary biliary cirrhosis, a late complication of prolonged obstruction of the
extrahepatic bile duct, causes cholestasis[1]. Cholestatic liver damage, defined
according to histopathological and biochemical criteria as an accumulation of toxic bile
acids, plays a fundamental role in liver necrosis and fibrosis[2-4].

Prolonged common bile duct obstruction in rats is an experimental model that
induces secondary biliary cirrhosis in 28 d and mimics human liver disease in clinical,
laboratory and histological parameters[2,3,5].

Oxidative stress plays a determinant role in the pathophysiology of liver diseases
due to the accumulation of reactive oxygen species, protein oxidation, lipid per-
oxidation (LPO) and DNA damage, which has also been evaluated in different experi-
mental models[3,5-7].

Oxidative stress, due to the accumulation of reactive oxygen species, destabilizes
cell homeostasis. Nrf2, which regulates cellular response to oxidative damage and the
expression of most antioxidant enzymes under normal conditions, is kept inactive by
the protein Keapl. In stressful situations for the cell, Nrf2 dissociates and translocates
to the nucleus, where it binds to the promoter sequence as an antioxidant response
element and activates genes, initiating the transcription of new antioxidant enzymes[8-
10]. The Keap1/Nrf2 pathway is responsible for regulating both cytoprotective genes
and defense antioxidants, including superoxide dismutase (SOD), catalase, and
glutathione peroxidase, as well as glutathione reductase, gamma glutamylcysteine
ligase, xenobiotic detoxification, NAD (P) H: Quinone oxidoreductase 1 (NQO1), and
genes from the glutathione S-transferase family[11,12].
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Increased production of reactive oxygen species, the presence of inflammatory
mediators such as interleukins (IL-1p and IL-6), tumor necrosis factor alpha (TNF-a),
nuclear factor kappa B (NF-kB), and increased nitric oxide levels may be related to the
development of fibrosis in liver cirrhosis[2,3].

Hsp70 is an endogenous protein that plays a protective role in cell function,
assisting in protein synthesis. Studies have shown that Hsp70 induction occurs in
response to various stimuli, such as exposure to toxins, glucose deprivation, and
reactive oxygen species formation, as well as liver cirrhosis[13,14].

Melatonin (MLT), N-acetyl-5-methoxytryptamine, is a hormone synthesized by the
pineal gland, which is produced rhythmically and is inhibited by light[15,16]. The
antioxidant effect of MLT is related to its amphiphilic chemical structure, which
facilitates its crossing through biological barriers and allows activity in both aqueous
and lipid environments[15,17]. The numerous attributes of MLT include antioxidant
capacity and anti-inflammatory and immunomodulatory effects[18]. Exogenous MLT
has protective effects on hepatic ischemia-reperfusion injury[19]. The inadequate
expression of MLT predisposes liver cells to immune- and oxidative stress-related
damage. MLT, via epigenetic modulation, was able to suppress NF-«xB signaling
activation and protecting against apoptotic signaling induced by either oxidative stress
or high concentrations of bile[20]. MLT, participates in regulating multiple
physiological functions, including sleep, circadian rhythms, and neuroendocrine
processes.

Current evidence shows that MT protects against liver injury by inhibiting
oxidation, inflammation, haematopoietic stem cell (HSC) proliferation, and hepatocyte
apoptosis, thereby inhibiting the progression of liver cirrhosis[17].

Inflammation and oxidative stress play an important role in the pathophysiology of
cirrhosis and other liver diseases, which is why pharmacological interventions can
change the evolution of the disease. Non-alcoholic fatty liver disease (NAFLD)
patients who underwent treatment with Essentiale Forte and tryptophan or MT for 14
mo had reduced expression of GGTP, triglycerides, low-density lipoprotein cholesterol
and proinflammatory cytokines including IL-1, IL-6 and TNF-q, although there was no
significant difference in alanine aminotransferase level or other biochemical
parameters[21]. NAFLD patients treated with MT were found to have significantly
lower aspartate aminotransferase (AST) and high-sensitivity C-reactive protein levels
and a better liver grade than those who received placebo[22]. MLT seems safe and
effective in the short term as a sedative in patients with CTP classes A and B cirrhosis
and SD. This finding may have clinical applications in the holistic management of
patients with cirrhosis[23]. There is a positive association between high serum MLT
levels prior to LT, one-year survival after LT, and total antioxidant capacity[24].

The aim of the present study was to evaluate MLT’s effects on oxidative stress, the
inflammatory process, and DNA damage in an experimental model of secondary
biliary cirrhosis.

MATERIALS AND METHODS

Ethical considerations

This study was conducted at the Animal Experimentation Unit and the Second
Laboratory of Experimental and Inflammatory Pneumological Sciences of the Hospital
de Clinicas de Porto Alegre after approval by the Institutional Commission for the
Treatment and Use of Animals (protocol 2016-0373).

Animal handling was carried out according to Brazilian federal legislation (Law
11794 /2008), Brazilian Council for the Control of Animal Experimentation (CONCEA)
rules, the State Code for the Protection of Animals, and local legislation regarding the
care and use of animals in experimental research.

Experimental procedures
Twenty-four male Wistar rats (mean weight 300 g) were divided into four experi-
mental groups: Control (CO), control treated with MLT (CO + MLT), bile duct ligation
(BDL) and BDL treated with MLT (BDL + MLT). During the experiment, the animals
were maintained in cages (47 cm x 34 cm x 18 cm) lined with wood shavings, under a
12 h light/dark cycle and controlled temperature (18-22 °C), with free access to food
and water.

On the first day of the experiment, BDL surgery was performed, as well as
simulated surgery in the CO and CO + MLT groups according to Kountouras et al
(1984)[25]. On the 15" day of the experiment, the animals began receiving MLT in daily
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doses of 20 mg/kg of body weight. The treatment continued until the 28* day.

On the 29* day, the animals were weighed and anesthetized by intraperitoneal
injection of a mixture of ketamine hydrochloride (95 mg/kg) and 2% xylazine
hydrochloride (8 mg/kg). Blood was then collected from the retro-orbital plexus with
a glass capillary tube and placed in a test tube with heparin to prevent coagulation.

After blood collection, the animals were sacrificed by anesthetic overdose (three
times the therapeutic dose, according to the CONCEA guidelines. Upon confirmation
of death, a ventral midline laparotomy was performed, after abdominal trichotomy
and disinfection. The liver was removed, sectioned, and stored for subsequent
analysis. One liver fragment was submerged in a 10% formaldehyde solution for 24 h
for histological examination, one fragment was stored in a fixative containing glutaral-
dehyde for subsequent analysis by scanning electron microscopy, a third fragment was
frozen at -80 °C for further analysis, and bone marrow samples were collected for the
micronucleus test.

Histological analysis of hepatic tissue

After dissection, the liver was placed in 10% buffered formalin and later embedded in
paraffin blocks. The paraffin blocks were then attached to a microtome (Leitz-1512
Microtome, Leitz, Wetzlar, Germany) for cutting. The slides were then stained with
hematoxylin-eosin and washed in running water. In the dehydration phase, the
structures went through a series of three baths: One in absolute alcohol and two in
xylol. The cover slip was then fixed into place using Canada balsam or Entellan, which
completed the preparation process. The slides were analyzed with a Nikon Labophot
binocular microscope equipped with a digital camera. Using the Image-Plus software
(Media Cybernetics, Bethesda, MD, United States), images were captured at different
magnifications.

Microscopy evaluation

Tissue samples were fixed in 10% formalin and embedded in paraffin. The paraffin
blocks were then attached to a microtome (Leitz® 1512) and cut in 3 pm sections. The
slides were stained in hematoxylin-eosin for 5 min each and then washed in running
water. In the dehydration phase, the structures went through a series of three baths:
One in absolute alcohol and 2 in xylol. The cover slip was fixed into place using
Canada Balsam. The slides were analyzed with a microscope equipped with a digital
camera. Using Image-Plus software, images were captured at 200x magnification.

Preparation of homogenates

Nine ml of phosphate buffer were added per gram of tissue, which was then
homogenized in an Ultra-Turrax homogenizer (IKA-Werk, Staufen, Germany) for
approximately 40 s and kept on ice, followed by centrifugation in a SORVALL RC-5B
refrigerated Superspeed Centrifuge (Du Pont Instruments, Miami, FL, United States)
for 10 min at 4000 rpm[26]. The precipitate was discarded and the supernatant was
used to quantify the proteins.

Microscopic analysis of liver tissue

Liver samples were collected for scanning electron microscopy. After collection, the
samples were immersed in a fixative solution containing glutaraldehyde. The samples
were then washed, dehydrated, desiccated and metallized, followed by analysis in an
electron microscope (Jeol JSM-T330, Tokyo, Japan) at 5000% magnification.

Analysis of biochemical and spectrophotometric parameters

Liver integrity was assessed by measuring liver enzymes AST, alanine aminotrans-
ferase, and alkaline phosphatase in plasma with a Liquiform Labtest® kit (a kinetic
spectrophotometric assay).

The protein content in liver homogenate was determined using the Bradford
method[27]. LPO was investigated with a thiobarbituric acid reactive substances
(TBARS) assay, with the concentration expressed in nmol/mg of protein[28]. SOD
activity was measured in a plate reader, evaluating its ability to inhibit the superoxide
radical from reacting with adrenaline. The results were expressed in SOD units per
milligram of protein[29]. The production of nitric oxide metabolites [nitrites (NO,)
/nitrates(NO,)] was measured indirectly with the Griess reaction. This assay is based
on the enzymatic reduction of NO, to NO, in the presence of nitrate reductase and
NQOT1, with subsequent colorimetric determination of NO, using the Griess reagent (a
mixture of sulfanilamide and NO,-specific N-[1-Naphthyl]ethylenediamine). The
results were expressed in mmol/L[30].
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DNA damage analysis

To assess DNA damage, we used the alkaline version of the comet assay described by
Tice et al (2000)[31]. Aliquots of 10 ml of liver cell suspension were mixed with 0.75%
low-melting agarose and placed 1.5% agarose-coated slides; these slides were
immersed in a lysis solution, which allowed the migration of DNA fragments by
electrophoresis. The results were expressed in a damage index, obtained by visual
assessment of damage classes (from 0 to 4), and damage frequency, calculated from the
number of cells with vs without tails[32].

As described by Mavournin et al (1990)[33], bone marrow samples were collected
from both femurs for the micronucleus test. To collect the samples, the proximal end of
each femur was cut to expose the spinal canal, allowing extraction. To count
normochromatic erythrocytes, polychromatic erythrocytes (PCE), and micronuclei in
the PCE, an optical microscope with an immersion objective was used, and at least
2000 PCE were analyzed per animal. The polychromatic/normochromatic erythrocyte
ratio was also determined by assessing the frequency of PCE in 1000 erythrocytes from
each animal[34].

Multiplex analysis
IL-1pB cytokine levels were assessed using a microsphere-based multiplex assay
(MILLIPLEX Map Kit, Rat Cytokine/Chemokine Magnetic Bead Panel, Cat. N°.
RECYTMAG-65K; Millipore Corporation, Billerica, MA, United States). Cytokine
detection was performed by adding specific fluorescence conjugated antibodies.
Quantification was based on a standard curve with known dilutions, and the results
were expressed in pg/mg. The samples were analyzed in a Luminex 200TM reader
(Luminex, Austin, TX, United States) according to manufacturer instructions.

Immunohistochemical analysis

The slides, pre-incubated with 10% rabbit serum at room temperature to block possible
unwanted reactions from the secondary antibody, were incubated with monoclonal
antibodies (Nrf2, NQO1, NF-kB and Hsp70) (Santa Cruz Biotechnology, Santa Cruz,
CA, United States) overnight at 4 °C, followed by incubation with a secondary
antibody for one hour at room temperature. After 60 min at room temperature, they
were treated with EnVision reagent and washed three times with phosphate-buffered
saline. The nuclei were counterstained with hematoxylin. The primary antibody was
diluted in phosphate-buffered saline, which contained bovine albumin as a negative
control. The results were evaluated by blinded pathologists using a microscope
equipped with a digital camera and Image-Plus software (Media Cybernetics).

Western blot analysis

Cytoplasmic and nuclear extracts were prepared from liver homogenates using a
specific lysis buffer and protease inhibitors[35]. The supernatant fraction was collected
and stored in aliquots at -80 °C for further analysis. The lysed proteins were separated
by dodecyl sulfate-polyacrylamide gel electrophoresis and transferred to
polyvinylidene fluoride membranes. The membranes were then blocked with 5% skim
milk in Tris buffer containing 0.05% Tween 20 (TTBS) for 60 min at 37 °C. Thereafter,
the primary antibodies were incubated and stirred overnight at 4 °C. The following
proteins were evaluated: NF-kB (65 kDa and Hsp70; 70 kDa) (Santa Cruz Biotech-
nology, Santa Cruz, CA, United States) diluted from 1:200 to 1:1000 with Tris-buffered
saline in skim milk at 5%. HRP-antibody protein biomarker detection was performed
with an enhanced chemiluminescence kit (Amersham Pharmacia Biotech, Little
Chalfont, United Kingdom). The density of specific bands was quantified through
image densitometry software (Scion Image, Frederick, MD, United States)[36,37].

Statistical analysis

The quantitative data were expressed as mean * standard error. The groups were
compared using unilateral analysis of variance. The Student-Newman-Keuls
procedure was used to find differences in means (SPSS, version 17.0). The Tukey test
was used for the comet assay. The data were analyzed in GraphPad InsTat 3.1, with P
< 0.05 considered significant.
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RESULTS

Histological analysis

In the histological analysis, hematoxylin-eosin staining in the BDL group revealed
changes in the liver parenchyma, a loss of hepatocyte cords, and the presence of
inflammatory infiltrate (Figure 1, black arrows). In the BDL + MLT group, we
observed restructuring of these changes, including the formation of hepatocyte cords,
decreased inflammatory infiltrate, and preserved hepatocytes (Figure 1). In the CO
and CO + MLT groups, the liver parenchyma was unchanged.

Scanning electron microscopy analysis

According to scanning electron microscopy of the liver samples, the ciliated
membrane, which covers hepatocytes involved in inflammatory process signaling in
response to damage, was intact in the CO and the CO + MLT groups. This membrane
was damaged in the BDL group, although in the BDL + MLT group the membrane had
been restructured (Figure 2).

Analysis of biochemical and spectrophotometric parameters
Liver enzyme alterations: All plasma liver enzymes in the BDL group were
significantly higher than in the control groups (CO and CO + MLT), and these values

were significantly lower in the BDL + MLT group than the BDL group (P < 0.001)
(Figure 3).

Protein evaluation, LPO, antioxidant enzyme SOD and nitric oxide: The total protein
levels (Figure 4A) in liver homogenate were significantly higher in the BDL group than
the control groups (P < 0.001) and were significantly higher in the BDL + MLT group
than the BDL group (P < 0.001).

The LPO level was significantly higher in the BDL group than the CO and CO +
MLT groups and was significantly lower in the BDL + MLT group than the BDL group
(P <0.001) (Table 1).

There was significantly less SOD activity in the BDL group than the control groups
(CO and CO + MLT) and significantly more activity in the BDL + MLT group than the
BDL group (P < 0.001) (Table 1).

The levels of nitric oxide metabolites (nitrites and nitrates) were significantly higher
in the BDL group than the CO and CO + MLT groups, but they were significantly
lower in the BDL + MLT group than the BDL group (P < 0.001) (Table 1).

DNA damage analysis
In the comet assay analysis, the BDL group had a significantly higher damage index
and damage frequency than the CO and CO + MLT groups. These parameters were
significantly lower in the BDL + MLT group than the BDL group (P < 0.001) (Table 2).
The micronucleus frequency was significantly higher in the BDL group than the CO
and CO + MLT groups and was significantly lower in the BDL + MLT group than the
BDL group (P < 0.001) (Table 3). No significant differences were found between the
groups in the polychromatic/normochromatic erythrocyte ratio, which indicated no
toxicity in the bone marrow.

Multiplex analysis

The pro-inflammatory cytokine IL-1B levels were significantly higher in the BDL
group than the CO and CO + MLT groups (P < 0.001) and were significantly lower in
the BDL + MLT group than the BDL group (P < 0.001), as can be seen in Figure 4B.

Immunohistochemistry and quantification of Nrf2, NF-kB, Hsp70 and NQO1

We observed significantly higher expression of NF-kB (Figure 5A) and Hsp70
(Figure 6A) in the BDL group than the control groups and significantly lower
expression in the BDL + MLT group than the BDL group (P < 0.001).

There was significantly lower expression of Nrf2 in the BDL group than in the CO
and CO + MLT groups but significantly higher expression in the BDL + MLT group
than the BDL group (Figure 7). There was significantly higher expression of NQO1 in
the BDL group than the CO and CO + MLT groups but significantly lower expression
in the BDL + MLT group than the BDL group (P < 0.001)(Figure 8).

Expression of NF-kB and Hsp70

Western blot analysis of NF-kB (Figure 5B) and Hsp70 (Figure 6B) expression showed
that they were significantly higher in the BDL group than the control groups (CO and

WJG | https://www.wjgnet.com 353 January 21,2022 | Volume28 | Issue3 |



Colares et al. Protective effects of MLT in cirrhotic rats

Table 1 Activity of lipid peroxidation levels, antioxidant enzyme superoxide dismutase, and nitric oxide levels in the experimental

groups
Groups TBARS SOD NO,/NO,
Cco 0.29 +0.01 2.62+0.11 1.69 +0.08
CO +MLT 0.34 +0.02 243 +0.05 1.76 £ 0.09
BDL 3.43 +0.08" 0.61 + 0.05" 5.53 + 0.30"
BDL + MLT 0.46 +0.01° 2.30+0.07° 248 +0.36"

2P < 0.001: Significant increase in the bile duct ligation group in relation to the control and CO + melatonin groups.
PP < 0.001: Significant reduction in the BDL + MLT group in relation to the BDL group.
CO: Control; MLT: Melatonin; BDL: Bile duct ligation; TBARS: Thiobarbituric acid reactive substances; SOD: Superoxide dismutase.

Table 2 Comet assay in liver tissue of rats that underwent bile duct ligation treated or not with melatonin

Group Damage index Damage frequency
Cco 77.4+8.6 72273

CO +MLT 72.6£16.2 67.8+14.8

BDL 295.5 + 34.8° 100.0 + 0.0°

BDL + MLT 171.6 £ 32.9° 91.6£9.5

The damage index can range from 0 (completely undamaged, 100 cells x 0) to 400 (with maximum damage 100 x 4). The damage frequency was calculated
based on the number of cells with vs without tails.

P < 0.001: Significant increase in the bile duct ligation group in relation to the control and CO + melatonin groups.

PP < 0.001: Significant reduction in the BDL + MLT group in relation to the BDL group.

P < 0.01: Significant increase in the BDL group in relation to the CO and CO + MLT groups.

CO: Control; MLT: Melatonin; BDL: Bile duct ligation; TBARS: Thiobarbituric acid reactive substances.

Table 3 Micronucleus test in the bone marrow of the rats that underwent bile duct ligation, treated or not with melatonin

Groups MNPCE' in 2000 PCE Ratio PCE/NCFE?
co 40+15 11402
CO + MLT 33+1.0 11404
BDL 78+13° 1.0+0.6
BDL + MLT 6.8+1.9 09+05

IMNPCE: Micronuclei in polychromatic erythrocytes.
2PCE/NCE ratio: Proportion of polychromatic erythrocytes/normochromatic erythrocytes.
P < 0.01: Significant increase in the bile duct ligation group in relation to the control and CO + melatonin groups. (Analysis of variance, Tukey test).

CO: Control; MLT: Melatonin; BDL: Bile duct ligation.

CO + MLT) and significantly lower in the BDL + MLT group than the BDL group (P <
0.001).

DISCUSSION

Common bile duct obstruction causes hepatocellular damage and an inflammatory
response due to the accumulation of bile salts in the liver, which promotes cytokine
production, hepatocellular injury, and the healing process, leading to an accumulation
of collagen, fibrosis, and liver cirrhosis[38]. The BDL model has been used to study the
numerous molecular signaling pathways involved in secondary biliary cirrhosis[3].
MLT has shown protective effects in different models, inhibiting oxidative stress,
inflammatory signaling, autophagy, hepatocyte apoptosis, cell and tissue damage[3,16,
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Figure 1 Photomicrograph of hepatic tissue at 200 x magnification in the different experimental groups. The control (CO) and CO + melatonin
(MLT) groups had normal liver parenchyma. There was inflammatory infiltrate (black arrows) and a change in the parenchyma in the bile duct ligation (BDL) group.
Parenchymal restructuring occurred in the BDL + MLT group. A: CO; B: CO + MLT; C: BDL; D: BDL + MLT.

17,39-41], and it seems safe and effective in the short term as a sedative in patients
with CTP classes A and B cirrhosis and SD. This finding may have clinical applications
in the holistic management of patients with cirrhosis[23].

The present study investigated the effects of MLT on oxidative, inflammatory,
tissue, and cellular injury in an experimental model of secondary biliary cirrhosis. It
was found that a dose of 20 mg/kg of MLT, which has already been investigated in
other studies by our group, was effective in reducing or modulating oxidative stress,
inflammatory processes, and DNA damage. The animals that underwent BDL surgery
had a higher expression of the enzymes AST, alanine aminotransferase and alkaline
phosphatase than the other groups, indicating possible damage to hepatocyte
membranes. When MLT was administered to these animals, we observed a significant
decrease in the expression of these enzymes, possibly due to hepatocyte membrane
restructuring and reduced liver damage. This corroborates the results of Wu et al[12] in
a model of BDL and CCL4-induced hepatic fibrosis. These authors found a significant
increase in AST and alanine aminotransferase expression, as well as an equally
significant reduction in expression after treatment with the antioxidant quercetin. In a
model of severe acute liver failure, Schemitt et al[42] found an increase in AST, alanine
aminotransferase and alkaline phosphatase expression, indicating a loss of liver
integrity; high serum levels of these enzymes were related to cell damage and liver cell
necrosis, which was reversed with glutamine[42].

Changes in the hepatic parenchyma, including the formation of fibrotic septa and
necrosis, are often associated with the process of cirrhosis[12]. Hematoxylin-eosin
staining showed disorganized liver tissue in the BDL group, including a loss of
hepatocyte cords and the presence of inflammatory infiltrate and fibrosis. However,
tissue restructuring had occurred in the BDL + MLT group, and organized tissue was
observed in the CO and CO + MLT groups. Scanning electron microscopy revealed
that in the control groups (CO and CO + MLT) the ciliated membrane of hepatocytes
involved in inflammatory process signaling was intact. In the BDL group, however,

3ﬁ!® WJG | https://www.wjgnet.com 355 January 21,2022 | Volume28 | Issue3 |



Colares et al. Protective effects of MLT in cirrhotic rats

Figure 2 Morphological analysis by scanning electron microscopy of the liver of animals that underwent bile duct ligation surgery. The
control (CO) and CO + melatonin (MLT) groups showed an intact ciliated membrane covering the hepatocytes. This membrane is impaired in the bile duct ligation
(BDL) group. In contrast, membrane restructuring was observed in the BDL + MLT group. A: CO; B: CO + MLT; C: BDL; D: BDL + MLT.
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this membrane was damaged, and in the BDL + MLT group it had been restructured
Figure 2).

( Ign 201)6, Wree and Marra[43] described the surface of hepatocytes and their
association with reduced cell permeability, as well as a consequent increase in
mediators involved in the fibrotic and inflammatory process, which was associated
with changes in the ciliated membrane and inflammasome. According to Gonzalez-
Navajas[44], inflammation is involved in the pathogenesis of many liver diseases,
including cirrhosis, in which many inflammatory cytokines are produced after
activation of a multiprotein complex known as inflammasome. However, the origin
and mechanisms of hepatic damage mediated by inflammasome are little known[43].
Most acute or chronic liver diseases are accompanied by inflammation, a complex
process in response to liver aggression, which causes serious damage to the liver
parenchyma[45-47].

In 2017, Giusto et al[48] showed that mice with cirrhosis induced by BDL and CCL4
had fibrotic nodules and cellular changes. In 2013, Mazo et al[4] observed that in rats
submitted in experimental nonalcoholic steatohepatitis, including fibrosis, the
administration of N-acetylcysteine restored liver parenchyma.

Studies report that in the pathophysiology of biliary cirrhosis, liver damage is
maximized by the action of free radicals. LPO causes the disorganization of cell
membranes, resulting in increased membrane permeability and consequent enzyme
leakage, leading to cell death. Studies show that plasma malondialdehyde levels may
be associated with increased LPOJ[3,5,42].

In our study, LPO was analyzed with a TBARS assay, and it was significantly higher
in the cirrhotic group (BDL) than the other groups, which may be associated with
damage to cell membranes. LPO was significantly lower in the BDL + MLT group than
the BDL group, which suggests that MLT plays a protective role. These data
corroborate a study by Zhu et al[49], who, in rats with hepatopulmonary syndrome-
BDL induced, observed higher LPO in the cirrhotic group and that Tea polyphenols
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Figure 3 The effect of melatonin on the activity of liver enzymes aspartate aminotransferase, alanine aminotransferase, and alkaline
phosphatase (alkaline phosphatase) in the plasma of animals that underwent bile duct ligation surgery. The data are expressed as the mean +
standard error of the mean. Significant increase in relation to the control (CO) and the CO + melatonin (MLT) groups (2P < 0.001). Significant decrease in the bile duct
ligation (BDL) group in relation to the BDL + MLT group (°P < 0.001). A: AST; B: ALT; C: ALP.
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Figure 4 The effect of melatonin on total protein levels and interleukin IL-1 levels in the liver of animals that underwent bile duct ligation

surgery. The data are expressed as the mean + standard error of the mean. Significant decrease/increase in the bile duct ligation (BDL) group in relation to the
control (CO) and the CO + melatonin (MLT) groups (*P < 0.001). Significant increase in the BDL + MLT group in relation to the BDL group (°P < 0.001). A: Total

protein; B: IL-1P.
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significantly decreased LPO. Similar data were observed in other experimental models
that administered MLT][3,41,42].

Other authors have observed LPO in the lungs of animals with secondary biliary
cirrhosis due to BDL, considering it characteristic of the damage to cell membranes in
this experimental model[3,49].

In addition to the lipid damage, which is assessed by increased LPO, reactive
oxygen species can damage DNA. Oxidative damage to DNA is common, being the
main cause of genomic instability[31]. We observed a significant increase in liver DNA
damage in the BDL group, as well as in the frequency of micronuclei in the bone
marrow, which suggests increased genomic instability. The significantly better
micronucleus and comet assay results in the MLT-treated group suggests that MLT
prevented cytogenetic damage, as well as strand breakage and DNA base oxidation in
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Figure 5 The effect of melatonin on the quantification of imnmunohistochemistry analysis and the expression of NF-kB with the Western
blot technique in the livers of animals that underwent bile duct ligation surgery. The data are expressed as mean = standard error of the mean.
Significant increase in the bile duct ligation (BDL) group in relation to the control (CO) and CO + melatonin (MLT) groups (*P < 0.001). Significant decrease in the BDL
+ MLT group in relation to the BDL group (°P < 0.001); A: Expression of positive pixels; B: Relative ratio (NF-kB/B-actin).

this model. The results of the present study corroborate those of Moreira et al[40], who
used an experimental model of diethylnitrosamine-induced hepatocellular carcinoma,
finding a lower damage index and frequency in the MLT-treated group, possibly due
to MLT’s antioxidant capacity to regulate several key genes involved in DNA repair
pathways, in addition to lower oxidative damage, inflammatory processes and tissue
damage, as observed in our study. The pathophysiological mechanisms of cirrhosis
initiate several signaling pathways, such as the Nrf2 pathway, which has a protective
effect against oxidative damage. Under stress conditions, Nrf2 is translocated to the
nucleus and activates the expression of genes that encode various antioxidant
enzymes, such as SOD and NQO1[17,42,50]. Nuclear expression of Nrf2 was
significantly lower in the BDL group in our study. Likewise, we observed that MLT
treatment significantly increased Nrf2 expression and reestablished the expression of
NQOT1 and SOD, which suggests that MLT restored the antioxidant system, reducing
oxidative stress by modulating the Nrf2 pathway. These results were similar to those
of Schemitt et al 2019[42], who evaluated the effects of glutamine in a severe acute liver
failure model and observed increased expression of NQO1 and SOD through
regulation of the Nrf2-mediated antioxidant system.

In the present study, increased pro-inflammatory cytokine IL-1p levels were
observed in the BDL group, as well as increased expression of NF-kB. MLT reversed
the inflammatory process, which was demonstrated by lower IL-1p levels and reduced
NF-kB expression. Colares et al[3] found increased expression of TNF-a and inducible
nitric oxide synthase in their BDL group. Inducible nitric oxide synthase is expressed
in inflammatory conditions in response to pro-inflammatory cytokines and is
associated with increased nitric oxide levels, which we evaluated in the present study.
Our results suggest that, due to its anti-inflammatory effect, MLT modulated the NF-
kB pathway during inflammation, thus reducing the expression of genes involved in
the inflammatory process, such as inducible nitric oxide synthase, nitric oxide and pro-
inflammatory cytokines (IL-1f and TNF-a).
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Figure 6 The effect of melatonin on immunohistochemistry and Hsp70 expression with the Western blot technique in the liver of animals
that underwent bile duct ligation surgery. The data are expressed as the mean + standard error of the mean. Significant increase in the bile duct ligation
(BDL) group in relation to the control (CO) and CO + melatonin (MLT) groups (°P < 0.001). Significant decrease in the BDL + MLT group in relation to the BDL group
(°P < 0.001). A: The effect of melatonin on immunohistochemistry; B: Hsp70 expression with the Western blot technique.
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Figure 7 The effect of melatonin on Nrf2 immunohistochemistry in the liver of animals that underwent bile duct ligation surgery. The data
are expressed as the mean + standard error of the mean. A: Express the situation; B: Significant decrease in the bile duct ligation (BDL) group in relation to the
control (CO) and CO + melatonin (MLT) groups (%P < 0.001). Significant increase in the BDL + MLT group in relation to the BDL group (°P < 0.001).

In a liver fibrosis model in rats, Czechowska et al[51] demonstrated that MLT
inhibited the release of NF-kB and, consequently, reduced production of pro-inflam-
matory cytokines, probably due to its anti-inflammatory antioxidant action. In CCL4-
induced liver cirrhosis model in rats, Hardeland[18] observed that MLT reduced the
expression of NF-kB, as well as the expression of inducible nitric oxide synthase.
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Figure 8 The effect of melatonin on quantification of NQO1 immunohistochemistry in the liver of animals that underwent bile duct ligation
surgery. The data are expressed as mean + standard error of the mean. A: Express the situation; B: Significant increase in the bile duct ligation (BDL) group in
relation to the control (CO) and CO + melatonin (MLT) groups (*P < 0.001). Significant decrease in the BDL + MLT group in relation to the BDL group (°P < 0.001).
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Heat shock proteins are extremely important for the protection of cells. In particular,
Hsp70, which has cytoprotective functions, acts on protein folding, transport and
degradation and can be induced in response to various stresses, including trauma,
inflammatory diseases, oxidative stress and liver cirrhosis[52]. We observed an
increase in the expression of Hsp70 in the animals of the BDL group, however,
treatment with MLT led to a significant reduction in the expression of Hsp70. This
suggests that MLT, possibly due to its important antioxidant effect, effectively
regulated Hsp70 in the BDL + MLT group. In 2015, Moreira et al[40] reported an
increase in Hsp70 expression in a model of hepatocellular carcinoma in rats treated
with MLT. In 2019, Schemitt et al[42] evaluated a model of liver toxicity and observed
that the expression of Hsp70 was reduced, possibly due to the increase in oxidative
stress, thus contributing to disease worsening.

Biosynthesis of MLT by cholangiocytes is essential for maintaining biliary
epithelium function and this cytoprotective mechanism, which appears to be impaired
by decreased biliary MLT synthesis in biliary duct obstruction, exacerbates biliary
damage and liver fibrosis. Concomitant with enhanced liver fibrosis, we observed
increased biliary senescence[20].

MLT has been demonstrated to ameliorate liver damage by decreasing oxidative
stress, inflammatory responses, and bile acid-induced apoptosis. The inadequate
expression of MLT predisposes liver cells to immune- and oxidative stress-related
damage[53].

In cholangiocytes exposed to mitochondrial oxidative stress, MLT decreased the
expression of proapoptotic stimuli, which was accompanied by the inhibition of NF«B-
p65, a pivotal mediator of inflammatory response, activation of antiapoptotic
signaling, and increased biliary senescence and ROS, which activated HSCs by a
paracrine mechanism, directly interacting with MLT on HSCs[20]. In human cholan-
giopathies such as PBC and PSC, an initial balance between cholangiocyte apoptosis
and compensatory cholangiocyte proliferation is followed by a failure in cholangiocyte

proliferative capacity, and enhanced apoptosis favors evolution toward ductopenia
[20].

CONCLUSION

It can be concluded from our results that MLT treatment reduced tissue and cellular
lesions in the liver, inhibited lipoperoxidation and DNA damage and reduced NO
levels. In addition, MLT regulated cytoprotective capacity, regulating the Nrf2
pathway and restoring the enzymes NQO1 and SOD in the livers of treated animals.
Our results suggest that MLT has potential for clinical practice, although which
patients might benefit, when treatment should begin, the dosage, and treatment
duration must still be determined. Thus, larger studies assessing the efficacy and
safety of MLT in the long term and in the later stages of cirrhosis are required before
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its clinical use can be recommended.

ARTICLE HIGHLIGHTS

Research background

Liver cirrhosis, which causes millions of deaths per year, is characterized by the
appearance of fibrotic nodules and septa caused by chronic harmful stimuli. Oxidative
damage may play a key role in the development and progression of cirrhosis. Thus,
promoting the identification of new antioxidant compounds can contribute to
enriching the available therapeutic arsenal.

Research motivation

Numerous studies using different experimental models have reported melatonin
(MLT)’s protective effects on the liver. The antioxidant effect of MLT is related to its
high solubility in lipids, which facilitates its passage through cell membranes. Thus,
understanding the mechanisms involved in the protective action of MLT in cirrhosis
can lead to the development of new therapeutic strategies that can lead to improved
medical care.

Research objectives
The aim of the study was to evaluate the protective action of MLT in cirrhosis induced
by bile duct ligation (BDL) in rats.

Research methods

Wistar rats were divided into a control group, a MLT control group, a BDL group, and
a BDL group treated with MLT. Intraperitoneal administration of MLT at a dose of 20
mg/kg of body weight started on the 15" day after the beginning of the experiment
and continued daily for 14 d. At the end of the experiment, the animals were
euthanized. Blood was collected for liver integrity tests and the liver was collected for
histological analysis, DNA damage assessment, and biochemical and Western blot
analysis of proteins related to oxidative stress and the inflammatory process.

Research results

MLT promoted a significant improvement in the biochemical parameters of oxidative
stress markers and the inflammatory process. DNA damage was also lower in animals
treated with MLT after undergoing BDL. Tissue damage and protein expression
assessed by immunohistochemistry and Western blot analysis were significantly lower
in animals treated with MLT.

Research conclusions

According to the results obtained in the evaluated parameters, treatment with MLT
reduced tissue and cell damage in the liver. Our results suggest that MLT may be of
use of in patients with cirrhosis.

Research perspectives
Further studies are needed to assess the long-term efficacy and safety of MLT adminis-
tration in cirrhotic patients before it can be recommended in clinical practice.
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