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The aim of this study was to determine the effect of melatonin on thioacetamide (TAA) induced liver fibrosis in rats. The
antifibrotic effects of melatonin were assessed by determining activity indirect markers of fibrosis: aspartate
aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (AP), and proinflammatory cytokines:
interleukin 6 (IL-6), interleukin-1beta (IL-1β), tumour necrosis factor alpha (TNF-α), transforming growth factor-beta (TGFβ) and platelet-derived growth factor (PDGF). Parameters of oxidative stress: oxidised glutathione (GSSG), reduced
glutathione (GSH) and presaged activity of paraoxonase 1 (PON-1), an antioxidative enzyme were determined.
Inflammatory changes and fibrosis extent were evaluated histologically. Experiments were carried out in Wistar rats. Animals
were divided into 4 groups: I - controls, water ad libitum for 12 weeks, group II - TAA, 300 mg/L ad libitum for 12 weeks,
III - melatonin, 10 mg/kg b.w. intraperitoneally (i.p.) daily for 4 weeks, IV - TAA, 300 mg/L ad libitum for 12 weeks followed
by melatonin, 10 mg/kg/b.w. i.p. daily for 4 weeks. Results of serum determinations demonstrated significantly lower activity
of AST, ALT and AP in the group receiving TAA followed by melatonin compared to the group receiving only TAA.
Immunoenzymatic findings on effect of melatonin on concentration of proinflammatory cytokines confirmed these data.
Biochemical examinations in liver homogenates revealed statistically significant improvement (concentration of GSH
increases and concentration of GSSG decreases) in animals with TAA-induced liver damage receiving melatonin. Moreover,
the activity of PON-1 toward phenyl acetate and paraoxon was increased in liver homogenates and serum in the group
receiving TAA followed by melatonin compared to the TAA group without melatonin treatment. Microscopic evaluation
disclosed inhibitory effects of melatonin on inflammatory changes and extent of liver fibrosis.
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INTRODUCTION
The development of liver fibrosis, consequently resulting in
cirrhosis, is attributable to various etiological factors, including
hepatotropic viruses A, B, C, D, E, metabolic diseases, alcohol,
drugs and xenobiotics, autoimmune diseases, and genetic
disorders such as Wilson disease or haemochromatosis.
Irrespective of the causative factor, liver fibrosis is always the
response to organ damage and impairs the stability between
synthesis and degradation of connective tissue components. On
the one hand, the process can be considered beneficial as it
reduces the damaged areas and segregates the healthy tissue
from the affected one; on the other hand, it enhances liver
failure leading to massive rearrangement of the hepatic
parenchyma (1, 2).
Recently, marked advances in earlier diagnosis of fibrosis,
monitoring of its course and novel antifibrotic therapies have
been observed. Thanks to them, the disease can be inhibited or
possibly even reversed (3, 4).

Melatonin (N-acethyl-5-metoxytryptamine) is one of the
numerous new antifibrotic drugs, which is worth considering. For
many years, melatonin has been known as the hormone produced
only by the pineal gland; however, recent findings demonstrate its
presence in the gastric and intestinal mucosa as well as in the
liver from which it is directly secreted to the bile. Melatonin is
produced in the gastrointestinal tract via the separate pathway
independent of the synthesis in the pineal gland (5).
Antioxidative and anti-inflammatory properties of melatonin
are crucial. An outstanding antioxidative effect of melatonin is
attributable to the structure of its molecule, i.e. the presence of
O-methyl and N-acetyl groups, which enables it to function as a
hydrophilic and hydrophobic antioxidant. Melatonin deactivates
the hydroxyl radical, singlet oxygen, nitrogen oxide, hydrogen
peroxide and inhibits the peroxidation of lipids (6). Moreover, it
affects the synthesis of glutathione, the essential cellular
antioxidant, stimulating its synthesis and regeneration (7).
Furthermore, melatonin reduces the level of proinflammatory
cytokines, such as tumor necrosis factor alpha (TNF-α),
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inteleukin-6 (IL-6), transforming growth factor beta (TGF-β),
and interleukin 1beta (IL-1β) (8, 9). The effects of melatonin are
largely associated with its availability and easy cell penetration;
thanks to them, the intracellular concentration of melatonin is
often higher than that in body fluids, although is concentration in
the body is substantially lower than for instance the
concentration of glutathione (10). Considering the antiradical
and anti-inflammatory action of melatonin as well as the fact that
its highest content was found in the gastrointestinal tract,
attempts have been made to use it in inflammatory diseases of
the pancreas, liver, intestines or oesophagus (11, 12). The study
conducted by Konturek and Brzozowski has demonstrated
beneficial effects of melatonin on gastric ulcer; by stimulating
the synthesis of nitric oxide, it facilitates the healing of erosions
and ulcer niches (5). Moreover, melatonin is safe for patients; no
severe adverse side effects of its use were observed, except for
occasional drowsiness and abdominal pain. Likewise, no lethal
dose, 50% (LD50) was obtained since the highest dose of
melatonin, 800 mg, did not cause the death of animals (13).
The objective of the present study was to evaluate the effects
of melatonin on liver fibrosis in an animal model. Fibrosis was
induced with thioacetamide (TAA), the compound causing fibrosis
comparable to fibrogenic changes observed in the human liver.
The evaluation of antifibrotic effects of melatonin was based
on indirect (AST, ALT, AP) and direct markers of fibrosis
(proinflammatory cytokines: IL-6, IL-1β, TNF-α, TGF-β,
platelet-derived growth factor AB (PDGF-AB). Moreover, the
following were determined: oxidative stress parameters, reduced
glutathione (GSH), oxidized glutathione (GSSG), and the activity
of paraoxonase-1 (PON-1), a less known enzyme exhibiting
antioxidative properties. Subsequently, inflammatory lesions and
severity of liver fibrosis were assessed histopathologically.

kept in the animal house of the Department of Experimental and
Clinical Pharmacology, Medical University of Lublin supervised
by the Veterinary Inspectorate in Pulawy. Rats were kept under
constant environmental conditions (22°C, 12-hour day/night
cycles), received the standard diet (LSM granulated feed,
Agropol, Motycz n/Lublin) and had free access to water.
Animals were randomly allocated to groups. Experiments were
conducted between 9 am and 3 pm. The biological material used
in experiments was sent to the Utilization Plant "BACUTIL"
Pulawy, the Zaslaw branch.
The division of animals into groups is presented in Table 1.
The first group (I) included animals receiving water ad libitum
for 12 weeks. The second group (II) received fibrosis-inducing
thioacetamide (TAA) ad libitum (Signa-Aldrich), which was
administered at a dose of 300 mg/L for 12 weeks. The third group
(III) was administered with melatonin intraperitoneally at a dose
of 10 mg/kg/ b.w. daily for 4 weeks. Melatonin was dissolved in
dimethyl sulfoxide (Sigma). The fourth group (IV) was given
TAA ad libitum in a dose of 300 mg/L for 12 weeks followed by
i.p. melatonin in a dose of 10 mg/kg/b.w. for 4 weeks. After the
experiment, animals were decapitated using a guillotine. Blood
was sampled for biochemical determinations and livers were
collected for histopathological and immunoenzymatic tests.
Biochemical examinations
Serum alanine (ALT) and aspartate aminotransferase (AST)
as well as alkaline phosphatase (AP) were determined by the
kinetic method in the ADVIA 1800 analyser (Siemens). ALT and
AST were measured using NADH and Tris buffer (according to
IFCC) whereas AP using p-nitrophenyl phosphate and AMP
buffer. Determinations of enzymes were performed in the ALAB
Laboratory in Lublin, Poland.
Immunoenzymatic determinations of tumor necrosis factor-α,
interleukin-6, transforming growth factor-β, interleukin-1β,
platelet-derived growth factor-AB

MATERIAL AND METHODS
Animals, experimental conditions, division into groups
The experimental study was carried out on male Wistar rats
weighing 200 – 220 g obtained from the breeding farm of
laboratory animals (Brwinow n/Warsaw). During the 5-day
acclimatisation and throughout the experiment animals were

The concentrations of cytokines in individual study groups
were determined in serum using ELISA. Determinations were
conducted according to the manufacturer's instructions. The
following ELISA kits were used:

Table 1. Study groups and drug administration design.
Group Drug

Number Dose, time and route
of animals

Drinking water

8

12 weeks, ad libitum

II

Thioacetamide (TAA)

8

300 ml/L, 12 weeks, ad libitum

III

Melatonin

8

10 mg/kg/b.w., 4 weeks, i.p.

IV

TAA + melatonin

8

300 ml/L, 12 weeks, ad libitum + melatonin 10 mg/kg/b.w.,
4 weeks, i.p. 

I

Table 2. Effects of melatonin on ALT, AST and AP in serum.
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 II (TAA) - thioacetamide-treated rats, III (MEL) - melatonin-treated rats, IV(TAA + MEL) - thioacetamideI (CON) - control rats,
treated followed melatonin-treated rats. Statistically significant are indicated as: ***P < 0.001 vs. CON, ###P < 0.001 vs. TAA.
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Rats TNF-α - Immunoassay kit (R&D)
Rats IL-6 - Immunoassay kit (R&D)
Rats TGF-β - Immunoassay kit (R&D)
Rats IL-1 - Immunoassay kit (R&D)
Rats PDGF-AB - Immunoassay kit (R&D).
Serum samples were added to a 96-well microplate coated
with monoclonal antibodies against TNF-α, IL-6, TGF-β, IL-1β,
and PDGF-AB. During incubation at room temperature,
cytokines were immobilised by solid-phase-bound antibodies.
Subsequently, the unbound factors were rinsed away and the
conjugate bound to a specific enzyme was added to the wells.
The wells were rinsed to remove the unbound conjugate part. In
order to determine the amount of proteins in the sample, the
enzyme substrate enabling colorimetric measurements of
cytokine concentrations was added. Absorbance was read at 450
nm using a Victor plate reader (Perkin Elmer, USA). The
computer coupled to the reader using the Work Out 2 software
plotted the calibration curve and calculated the concentrations in
samples. Concentrations were expressed in pg/ml.
Determination of reduced glutathione and oxidised glutathione
concentrations in liver homogenates
The concentrations of GSH and GSSH were determined
colorimetrically in supernatants from liver homogenates. The
BIOXYTECH kit (OxisResearch TM,USA) was used. The
individual stages of experiment were carried out according to the
manufacturer's instructions. The results were expressed as
nmol/g tissue.
Determinations of paraoxonase 1 activity in blood serum
The PON-1 activity towards paraoxon (paraoxonase
activity) and phenyl acetate (arylesterase activity) was
determined. PON-1 hydrolyzes paraoxon (diethyl-p-nitrophenol
phosphate) to p-nitrophenol. In each sample, an increase in pnitrophenol was determined spectrometrically based on 412 nm
wavelength light absorption (14).
The following procedure was used for determinations: 800 ml
of the reagent containing 2 mM paraoxon, 50 mM Tris-HCL, pH

= 8 and 1 mM CaCl2 was added to 20 µL of serum. An increase in
absorbance was measured for 1 minute (a1). Simultaneously, an
absorbance increase was measured in the blind sample without
serum (a2), which reflected spontaneous hydrolysis of paraoxon;
the latter was subtracted from the former (a2-a1).
The activity of PON-1 was calculated based on the
specific absorbance of p-nitrophenol, i.e. 18290 M-1cm, and
expressed in U/ml (1 U of enzyme hydrolyses 1 nM of
paraoxon during 1 minute). Absorbance was measured using a
UV-Vis Shimadzu 1610 spectrophotometer.
An increase in phenol concentration was determined by
measuring the absorbance of light of 270 nm wavelength (14).
The determination of arylesterase activity of the enzyme was
based on absorbance increase at 270 nm during 1 minute. To the
serum sample of 10 µL, 3 ml of the reagent containing 2 mM
phenyl acetate, 2 mM CaCl2 and 50 mM Tris-HCL, pH 4 was
added. The absorbance increase in the blind sample without
serum was subtracted from the value of absorbance increase in
the examined sample. The enzyme activity was calculated based
on the specific absorbance of phenol (E 270 = 1310 M-cm-1)
and expressed in U/ml.
Determinations of paraoxonase 1 activity in liver homogenates
The PON-1 activity towards phenyl acetate and paraoxon was
determined. The weighted liver sections were homogenized in 10
volumes of 50 mM Tris-HCL, pH = 8 containing 2 mM CaCl2 and
centrifuged at 10,000 rev/min for 10 minutes. The PON-1 activity
towards phenyl acetate was determined in the supernatant. The
absorbance increase at 412 nm was read after 2 minutes. The
activity of tissue PON-1 towards phenyl acetate was expressed in
U/mg protein. The protein concentrations were determined
according to the Lowry method (15). The PON-1 activity towards
paraoxon was determined in the supernatant and expressed in
U/mg protein. The absorbance increase was read after 2 minutes.
Histological examinations
The liver sections for examinations under a light microscope
were collected from the right lobe and fixed in 10% buffered
formalin, pH 7.4. The sections were embedded in paraffin

Table 3. Effects of melatonin on proinflammatory cytokines (TNF-α, Il-6, TGF-β, Il-1β, PDGF-AB) in serum.
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I (CON) - control rats, II (TAA) - thioacetamide-treated rats, III (MEL) - melatonin-treated rats, IV (TAA + MEL) - thioacetamidetreated followed melatonin-treated rats. Statistically significant are indicated as: ***P < 0.001 vs. CON, ###P < 0.001 vs. TAA.
Table 4. Effects of melatonin on GSH and GSSG in liver homogenates.
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 rats, II (TAA) - thioacetamide-treated rats, III (MEL) - melatonin-treated rats, IV (TAA + MEL) - thioacetamideI (CON) - control
treated followed melatonin-treated rats. Statistically significant are indicated as: ***P < 0.001 vs. CON, ###P < 0.001 vs. TAA.
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Table 5. Effects of melatonin on serum PON1 activity towards paraoxon and phenyl acetate.
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I (CON) - control rats, II (TAA) - thioacetamide-treated rats, III (MEL) - melatonin-treated rats, IV (TAA + MEL) - thioacetamidetreated followed melatonin-treated rats. Statistically significant are indicated as: ***P < 0.001 vs. CON, ###P < 0.001 vs. TAA.
Table 6. Effects of melatonin on liver homogenate PON1 activity towards paraoxon and phenyl acetate.
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I (CON) - control rats, II (TAA) - thioacetamide-treated rats, III (MEL) - melatonin-treated rats, IV (TAA + MEL) - thioacetamidetreated followed melatonin-treated rats. Statistically significant are indicated as: **P < 0.01 vs. CON; ***P < 0.001 vs. CON; ###P <
0.001 vs. TAA.
blocks, cut and stained with haematoxylin + eosin (H + E) and
Masson`s Trichrome. The preparations were evaluated under a
light microscope Olympus BX45. The absence or presence of
inflammation and its activity were determined in livers of each
study group. Furthermore, the presence and nature of necrosis
(piecemeal, bridging), extent of proliferation of BrowiczKupffer cells and cholestasis in hepatocytes were evaluated. The
5-point Scheuer scale was applied (16).
The above-mentioned scale was also used to assess the
extent of fibrosis, i.e. its absence or otherwise, severity and type.
Moreover, degenerative lesions were examined: vacuolar, microand macro- vesicular steatosis and the presence of "balloon"
cells (16).
Statistical analysis
The results were statistically analysed. The differences
between the control and groups of animals receiving the examined
substances were checked. The values of parameters were
presented as a mean. Normality of distribution was checked duing
the Shapiro-Wilk test. The inter-group differences were analysed
using ANOVA and the NIR test. P < 0.05 was considered as
significant. The significance of differences was denoted as ,,*". If
the probability of conclusion was accepted at P < 0.01, the
differences were considered more significant and marked as (**);
if at P < 0.001, the differences were considered highly significant
and marked as (***). The database and statistical analysis were
conducted using Statistica 9.1 software (StatSoft, Poland). The
cumulative statistical analysis was presented in Tables 2-6.

RESULTS
Biochemical results
The activities of ALT, AST and AP were determined in
serum; the findings were presented in Fig. 1A-1C.

The mean activities of enzymes were found to be significantly
higher in group (II) which received TAA for 12 weeks (ALT
105.38, AST 271.63, AP 435.88) compared to controls (P < 0.001)
(ALT 62.88, AST 158.88, AP 201.50) and significantly lower in
group (III), which was administered with melatonin at a dose of 10
mg/kg/b.w. for 4 weeks compared to controls (P < 0.001) (ALT
45.13, AST 62.75, AP 121.13). Furthermore, significantly lower
enzyme activities were demonstrated in group IV (TAA for 12
weeks followed by melatonin at a dose 10 mg/kg/b.w. for 4 weeks)
in comparison to the group which received TAA for 12 weeks (II)
(P < 0.001) (ALT 63.13, AST 174.88, AP 222.88). No statistically
significant differences were found between group I untreated
controls and IV, which was administered with TAA for 12 weeks
followed by melatonin at a dose 10 mg/kg/b.w. for 4 weeks. The
levels of enzymes in the both groups were comparable.
Immunoenzymatic results
The concentrations of cytokines involved in the process of
liver fibrosis were analysed, i.e. TNF-α, IL-6, TGF-β, Il-1β,
PDGF-AB. The results were listed in Fig. 2A-2E.
The mean cytokine concentrations were significantly higher
in the group that was given TAA for 12 weeks (II) compared to
controls (P < 0.001). The values were respectively 69.67 and
21.91 for TNF-α, 65.49 and 23.20 for IL-6, 69625.41 and
48678.34 for TGF-β, 922.42 and 737.91 for IL-1β, 500.57 and
292.77 for PDGF-AB.
No statistically significant differences were found between
the group which was administered with melatonin for 4 weeks
(III) vs. the control group; concentrations of cytokines were
comparable, except for IL-1β, the level of which was
significantly lower compared to controls (P < 0.05) (Il-1β:
661.92 for the melatonin group and 737,91 for the control
group). The mean concentrations of all cytokines examined were
lower in the group which was administered with TAA for 12
weeks followed by melatonin at a dose 10 mg/kg/b.w. for 4
weeks (IV) than in the group which was given TAA for 12 weeks
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(II) (P < 0.001). The values were respectively 28.26 and 69.67
for TNF-α, 28.47 and 65.49 for IL-6, 39104.32 and 69625.41 for
TGF-β, 592.26 and 922.42 for Il-1β, 274.15 and 500.57 for
PDGF-AB.
Concentrations of reduced glutathione and oxidized glutathione
The concentrations of GSH and oxidized glutathione GSSG
were determined in liver homogenates. The results are presented
in Fig. 3A, 3B.
The mean concentrations of GSH were significantly lower in
the group which was administered with TAA for 12 weeks (II) (P
< 0.001) and in the group that was given melatonin (III)
compared to controls (P < 0.01). The values were 261.44, 341.55
and 368.20, respectively. Moreover, the mean concentrations of
GSH were found to be significantly higher in the group which
was administered with TAA for 12 weeks followed by melatonin
at a dose of 10 mg/kg/b.w. for 4 weeks (IV) than in the group
with TAA for 12 weeks (II) (P < 0.001) (300.13 and 261.44,
respectively).
The concentrations of GSSG determined in liver
homogenates were significantly higher in the group that was
given TAA for 12 weeks (II) than in controls (P < 0.001). The
values were 154.77 and 115.59, respectively. The significant

A

differences in GSSG concentrations were observed in the group
which was administered with TAA for 12 weeks followed by
melatonin at a dose of 10 mg/kg/b.w. for 4 weeks (IV) compared
to the group that was given TAA for 12 weeks (II) (P < 0.0001).
These values were 118.01 and 154.77, respectively. The mean
concentration of GSSG in this group was lower than in group II.
Results of determinations of paraoxonase 1 activity in serum
The results of determinations of PON-1 activity in rat serum
were listed in Fig. 4A, 4B.
The significantly lower mean PON-1 activities towards
phenyl acetate (P < 0.001) and paraoxon (P < 0.001) were
observed in the group which was administered with TAA for 12
weeks (II) compared to controls. The respective values were
103.22 and 164.24 for phenyl acetate and 147.02 and 222.90 for
paraoxon, respectively.
The significantly higher mean PON-1 activities towards
phenyl acetate (P < 0.001) and paraoxon (P < 0.001) were
observed in the group which was given TAA for 12 weeks
followed by melatonin at a dose of 10 mg/kg/b.w. for 4 weeks (IV)
compared to the group which was administered with TAA for 12
weeks (II). Here the respective values were 141,29 and 103.22 for
phenyl acetate and 226.44 and 147.02 for paraoxon, respectively.

B

C

Fig. 1. Effects of melatonin on alanine aminotransferase - ALT: (A), aspartate aminotransferase - AST: (B) and alkaline phosphatase
- AP: (C) in serum from thioacetamide-treated rats. Group I - CON (control rats), II - TAA (thioacetamide-treated rats), III - MEL
(melatonin-treated rats), IV - TAA + MEL (thioacetamide-treated rats followed melatonin).
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Results of determinations of paraoxonase 1 activity in liver
homogenates
The results of determinations of PON-1 activity in liver
homogenates were gathered in Fig. 4C, 4D.

The mean PON-1 activities towards paraoxon and phenyl
acetate were significantly lower in the group which was
administered with TAA for 12 weeks (II) than in controls (P <
0.01). The values were 883.32 and 1032.13 for paraoxon and
2238.24 and 3088.87 for phenyl acetate, respectively. Moreover,

A

B

C

D

E

Fig. 2. Comparison of serum cytokines concentrations in study groups. (A): TNF-α, (B): IL-6, (C): TGF-β, (D): IL-1β, (E): PDGFAB. Group I - CON (control rats), II-TAA (thioacetamide-treated rats), III - MEL (melatonin-treated rats), IV - TAA + MEL
(thioacetamide-treated rats followed).
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the mean PON-1 activities towards paraoxon and phenyl acetate
were significantly higher in the group that was given TAA for 12
weeks followed by melatonin at a dose of 10 mg/kg/bw for 4
weeks (IV) than in the group which was given TAA for 12 weeks
(II) (P < 0.001). And here the respective values were 1139.41 and
883.32 for paraoxon and 2620.77 and 2238.24 for phenyl
acetate, respectively.
Histological findings
The microscopic liver picture in controls (I) was normal. A
slight passive congestion was demonstrated in central veins of
lobules. No inflammatory cells or fibrosis elements were found
(Fig. 5A, 5B).
The microscopic liver picture in the group receiving TAA for
12 weeks (II) was characterized by the presence of marked
inflammatory lesions, features of degeneration and necrosis of
hepatocytes as well as locally intensified fibrosis. Piecemeal
necrosis was observed in hepatic lobules involving hepatocytes in
the region of boundary lamina of biliary ducts and bridging
necrosis affecting the laminas of hepatocytes (Figs. 6A and 7A).
The inflammatory activity was considered substantial, 3rd and 4th
degree of severity (Fig. 9). Fibrosis was staged as 3 and 4 (Fig.
10). Vacuolar degeneration and "balloon" cells of markedly
oedematous cytoplasm were found in the cells (Fig. 6A). Microand macro-vesicular steatosis was demonstrated in the cytoplasm
of hepatocytes (Fig. 6A); in the foci of enhanced inflammation,
features of hepatocyte regeneration were observed in the form of
enlarged nuclei and the presence of hepatocytes with two nuclei
(Fig. 7A).
In animals receiving melatonin at a dose of 10 mg/kg/b.w.
for 4 weeks (group III), clusters of few mononuclear cells were
observed (mainly lymphocytes) and slight-intensity oedema
within the biliary ducts.
In the group receiving TAA for 12 weeks and subsequently
melatonin at a dose of 10 mg/kg/b.w. for 4 weeks (IV), decreased
severity of microscopic changes was observed compared to the
group receiving TAA (II). Slight inflammatory biliary tract was
detected as well as focal vacuolar degeneration and steatosis of
hepatocytes (Fig. 6B). Cholestasis was found in single
hepatocytes (Fig. 7B). Moreover, fibrosis was observed in the
biliary ducts with bridging fibrosis (in 7/8 animals - stage 1 and
2, in 1 rat - stage 3 according to Scheuer) (Fig. 8B). In boundary

A

lamina of hepatocytes, piecemeal necrosis was observed focally
accompanied by inflammatory infiltration (Fig. 6B).

DISCUSSION
Despite considerable advances in medicine, liver fibrosis
remains the disease for which there is no satisfactory
pharmacotherapy. Therefore, each novel therapeutic option put
forward is meticulously analysed. At present, melatonin
produced by the pineal gland is considered the drug of
antifibrotic properties. The use of melatonin in liver fibrosis is
connected with its potent antioxidative and anti-inflammatory
action.
Administered exogenously, melatonin reduces oxidative
stress by direct neutralization of hydroxyl radicals. Indirectly, it
is effective in increasing the level of antioxidants essential for
the body, such as glutathione peroxidase or glutathione (7). In
experimental studies, liver fibrosis is commonly induced with
thioacetamide, which is readily metabolised to reactive
acetamide and TAA-S-oxide. The metabolites formed combine
covalently with macromolecules of the hepatic tissue leading to
accumulation of fatty acids, damage of proteins and DNA and
formation of reactive oxygen species (ROS). All these
compounds impair the endogenous antioxidative system in the
liver and are responsible for persistent oxidative stress (18, 19).
In our study, the serum levels of AST, AlAT, and AP of animals
receiving TAA were found to be markedly increased compared
to controls. These findings were confirmed by disturbed
microscopic images showing features of degeneration, necrosis,
inflammatory infiltration and elements of fibrosis. The level of
GSH decreased whereas the expression of proinflammatory
cytokines (TNF-α, IL-1β, TGF-β, PDGF-AB, IL-6) increased.
Melatonin used at a dose of 10 mg/kg/b.w. markedly
improved enzymatic parameters, reduced the level of
proinflammatory cytokines and increased the level of
glutathione. Our findings are consistent with the results
published by Friedman and Henderson, who used melatonin at
a dose of 1 mg/kg/b.w. and observed elevated levels of the
main antioxidative enzymes, i.e. superoxide dismutase (SOD)
and catalase (CAT) as well as decreased levels of apha-actin of
smooth muscles in rat livers. The authors believed that the
inhibition of alpha-actin accumulation was associated with

B

Fig. 3. Concentrations of reduced glutathione - GSH: (A) and oxidazed glutathione - GSSG: (B) in liver homogenates (nmol/g tissue)
with the effects of melatonin on parameter changed induced with TAA. Group I - CON (control rats), II - TAA (thioacetamide-treated,
III - MEL (melatonin-treated rats), IV - TAA + MEL (thioacetamide-treated rats followed melatonin).
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A

B

C

D

Fig. 4. Serum paraoxonase 1 (PON-1) activity towards paraoxon (A) and towards phenyl acetate (B) with effects of melatonin on
parameter changes induced with TAA. (U/ml). Liver homogenate PON-1 activity towards paraoxon (C) and towards phenyl acetate
(D) with effects of melatonin on parameter changes induced with TAA. Group I - CON (control rats), II - TAA (thioacetamide-treated
rats), III - MEL (melatonin-treated rats), IV - TAA + MEL (thioacetamide-treated rats followed melatonin).

suppressed activity of stellate cells, the major function of
which is to produce extracellular matrix, prostaglandins,
growth factors and proinflammatory cytokines (20, 21).
Similar findings were reported by Tahan (7). Using another
hepatotoxic factor, CCL4, he demonstrated that melatonin
administered at a dose of 25 mg/kg/b.w. reduced elevated
levels of AST, ALT, and bilirubin (22). In nonalcoholic fatty
liver disease (NAFLD) and also nonalcoholic steatohepatitis
(NASH), in which insulin-resistance and oxidation-related
abnormalities lead to ROS formation followed by cascade
synthesis of proinflammatory cytokines (TNF-α, TGF-β, IL-6,
IL-8) and release of end-products of lipid peroxidation (MDA)
(23), long-term administration of melatonin normalized the
levels of aminotransferases (24). The clinical report in patients
with liver cirrhosis and portal hypertension demonstrated
marked improvement after the use of melatonin or its
precursor tryptophan (25). The similar research in patients
with non-alcoholic fatty liver disease was conducted by

Celinski et al. According to their study, after 14 months of
therapy melatonin and tryptophan attenuate the levels of
proinflammatory cytokines (IL-1β, IL-6, TNF-α) and improve
parameters of fat metabolism (decrease in plasma levels of
triglycerides, LDL - cholesterol) (26). According to the
information available, one of the first manifestations of liver
fibrosis is the release of proinflammatory cytokines TNFalpha and IL-1β by Kupffer cells and stimulated
multiplication of hepatic stellate cells (HSCs). The
progression of fibrogenesis leads to increased synthesis of
collagen, reduced activity of anti-oxidative enzymes and
increased release of nuclear factor-kappa B (NF-κB), i.e. the
factor of transcription connected with enhanced expression of
proinflammatory genes. Melatonin not only reduced the
accumulation of collagen but also alleviated the inflammatory
response in the liver by preventing NF-κB translocation to the
nucleus and its binding to DNA. Protective effects of
melatonin administered at a dose of 10 or 10 mg/kg/b.w. is
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A

B

Fig. 5. Light microscopy, CON group (control rats). (A): Liver lobule with mild oedema within the periportal tract. H + E × 400. (B):
Normal hepatocytes architecture and mild congestion within the periportal vein. Masson’s Trichrome × 400.

A

B

Fig. 6. Light microscopy. (A): TAA group (thioacetamide- treated rats) Nodular appearance of the liver lobule. Bridging necrosis with
accompanied mononuclear inflammatory cells. Signs of vacuolar degeneration of hepatocytes with balloon cells visible. Focal
proliferation of biliary ductules within the periportal tracts. H + E × 200. (B): TAA + MEL group (thioacetamide- treated followed
melatonin treated rats). Chronic inflammatory infiltrate within the periportal tract entering focally the liver lobule. Vacuolar
degeneration of single hepatocytes H + E × 400.

A

B

Fig. 7. Light microscopy. (A): TAA group (thioacetamide -treated rats). Piecemeal necrosis of hepatyocytes with intense inflammation
entering the lobule. Bile stasis within the single hepatocytes. Proliferation of Browicz-Kupffer cells. (B): TAA + MEL group
(thioacetamide-treated followed melatonin-treated rats). Focal necrosis of hepatocytes within the liver lobule with mild chronic
inflammatory infiltrate. Signs of regeneration of hepatocytes. Mild proliferation of Browicz-Kupffer cells. H + E × 400.
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B

Fig. 8. Light microscopy. (A): TAA group (thioacetamide-treated rats). Intense fibrosis dividing the liver lobule into the nodules. (B): TAA
+ MEL group (thioacetamide-treated followed melatonin-treated rats). Mild fibrosis within the periportal tract entering focally the liver
lobule. Masson’s Trichrome × 400.

Fig. 9. Activity of inflammation
expressed in % and staged on the
Scheuer scale (0-1-2-3-4).
0 - no of inflammatory changes in
portal spaces, 1 - low activity, slight
infiltrations in portal spaces, low
intra-lobular inflammatory activity,
boundary laminae preserved, 2 moderate activity, single dose foci of
piecemeal necrosis, single necrotic
foci within the lobules, 3 - moderate
activity, piecemeal necrosis affecting
the minority of boundary lamina
circumference in all portal spaces, 4 high activity, piecemeal necrosis
affeting the majority of boundary
lamina circumference, high intralobular inflammatory activity with
bridging necrosis. Group I - CON
(control group), II - TAA
(thioacetamide-treated rats), III MEL (melatonin-treated rats), IV TAA + MEL (thioacetamide-treated
rats followed melatonin).

likely to be associated both with antioxidative action and
inhibition of NF-κB release, thus reduced production of
proinflammatory cytokines (27). In another study determining
the concentration of malondialdehyde (MDA), the endproduct of lipid peroxidation, its level increased after the use
of such fibrosis-inducing factors as TAA and CCL4. The
results published by Hong and Arand explicitly revealed that
melatonin at dose of 5 or 10 mg/kg/b.w. substantially blocked
the elevated levels of MDA, i.e. reduced lipid peroxidation
acting as an antioxidant (28, 29). Melatonin is a direct as well
as indirect antioxidant, hence it enhances the action of
antioxidative enzymes in the liver. Montilla P. et al. observed
that the biliary duct ligation in rats was associated with
decreased levels of GSH in serum and liver homogenates as
well as with considerably reduced levels of antioxidative
enzymes, e.g. glutathione peroxidase (30). Similar
conclusions were reached by Tahan et al. in the liver fibrosis
model in rats (7). The literature data reveal that doses of

melatonin used in various liver injuries vary greatly, ranging
from 100 micrograms to 100 mg/kg; nevertheless, in all cases,
hepatoprotective effects of the agent are observed (31, 32). In
our study, melatonin was used in a dose of 10 mg/kg/b.w. daily
for 4 weeks. The evaluation of AST, ALT and AP activities in
serum demonstrated protective effects of melatonin in the
group of animals receiving TAA and melatonin, which was
visible in significantly suppressed mean activities of the
enzyme compared to the group receiving TAA. Slightly
different results were presented by Cruz A. who also induced
fibrosis with TAA administered for 1 and 3 months. Melatonin
reduced the level of AP and bilirubin only in animals receiving
the agent for one month. Moreover, values of AP and bilirubin
determined in serum increased in animals administered with
TAA for a month and decreased after 3 months. According to
the authors, this difference is likely to be associated with the
fact that an increase in the level of transaminases is a relevant
marker of acute liver damage, yet not its advanced stage (33).
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Fig. 10. Severity of fibrosis in study
groups expressed in % and staged on
the Scheuer scale (0-1-2-3-4). Extent of
fibrosis according to Scheuer: 1 normal, single collage fibre in portal
spaces, 2 - fibrosis within the portal
ducts, single bridgin fibrosis with the
lobule structure preserved, 3 numerous fibrous bridges with
disturbed lobule architecture with
regenerative reaction, 4 - diffue fibrosis
or cirrhosis. Group I - CON (control
rats), II - TAA (thioacetamide- treated
rats), III - MEL (melatonin-treated
rats), IV - TAA + MEL (thioacetamidetreated rats followed melatonin).

In the further part of the study, concentrations of cytokines
involved in the pathogenesis of liver fibrosis were analysed.
The levels of TNF-α, IL-6, TGF-β, IL-1β and PDGF-AB were
immunoenzymatically determined. TNF-α is the main cytokine
of inflammatory response produced by monocytes and
activated macrophages. It affects the immune processes
inducing the release of IL-1β and IL-6 from macrophages. In
the liver, TNF-α is not only the mediator of inflammation but
is also involved in the mechanisms repairing parenchyma by
activating the proliferation of hepatocytes (34). Mice with
TNF-α deficiency exposed to CCL4 demonstrated slight
inflammatory and fibrotic changes (35). Another cytokine, IL6, also secreted by monocytes and macrophages, facilitates the
development of inflammatory reaction and is involved in
proliferation and programmed cell death. One of the most
potent pro-fibrogenic mediators is TGF-β, produced by HSCs,
Kupffer cells and endothelial cells. It is responsible for
increased synthesis of collagen type I, III and IV as well as
fibronectin and proteoglycans. Enhanced expression of TGF-β
was observed in the necrotic-inflammatory regions and in
fibrous septa bridges (36). IL-1β activates the synthesis of IL6 while PDGF activates the transformation of stellate cells. Our
immunoenzymatic results regarding the effects of melatonin on
the expression of proinflammatory cytokines explicitly
demonstrate significantly reduced concentrations of TNF-α,
IL-6, IL-1β, TGF-β, and PDGF-AB compared to the TAA
group.
Many experimental studies emphasise the role of oxidative
stress in the mechanisms of liver fibrosis and cirrhosis (27).
Oxidative stress is defined as increased production of reactive
oxygen species (ROS) that are not sufficiently removed due to
impaired anti-oxidative mechanisms, which leads to progressive
organ failure. Due to their high reactivity, ROS easily react with
the essential molecules (proteins, lipids, DNA) and are involved
in the transmission of response signal, e.g. to growth factors or
cytokines. In the experiment conducted by the Tahan team (7),
fibrosis was induced with a single administration of
dimethylnitrosamine followed by melatonin (14 days). Changes
in the hepatic tissue were estimated by measuring the level of
malondialdehyde (MDA), glutathione and superoxide
dismutase. The findings in animals receiving melatonin
demonstrated significantly lower levels of MDA but elevated
levels of reduced glutathione and glutathione peroxidase (7).

In our study, biochemical examinations of liver homogenates
showed that the administration of melatonin resulted in
considerably reduced concentrations of reduced glutathione
(GSH) and increased concentrations of oxidized glutathione
(GSSG) in animals with TAA-induced liver damage receiving
melatonin.
Nowadays, non-invasive markers for evaluation of the
extent of liver damage in humans are of great interest. Once
found, they would accelerate the establishment of diagnosis,
enable earlier institution of therapy and non-invasive control of
treatment. For these reasons, researchers started to be
interested in the enzyme of antioxidative properties, which has
been used for a long time as an enzyme hydrolyzing phosphoorganic compounds yet could acquire a new significance when
used as a marker of fibrotic-inflammatory changes. It was
noticed that in patients with chronic liver diseases such as
inflammation or cirrhosis, the activity of PON-1 in serum is
reduced even by 50% and the reduction is proportional to the
extent of organ damage (37-40). The above data led to
determinations of melatonin effects on the level of PON-1 in
serum and liver homogenates in the group of animals
administered with TAA. The determinations of PON-1 activity
in serum brought about satisfactory results regarding an
increase in its activity towards paraoxon and phenyl acetate
compared to the TAA group. The findings explicitly spoke in
favour of protective action of melatonin; on the other hand,
they would suggest possible use of serum PON-1
determinations as an additional marker evaluating the extent of
fibrosis or anti-fibrotic therapy.
The microscopic examinations in the TAA+ melatonin group
revealed decreased severity of microscopic changes compared to
the TAA group. Small inflammatory infiltrations of slight and
moderate intensity were found in the biliary ducts. Fibrosis
present in the biliary ducts was assessed as stage 1 and 2
according to the Scheuer scale. The microscopic findings were
consistent with the results reported by Tahan et al. and Cruz et
al. (7, 33). The present study demonstrated improved function of
the liver, reduced severity and incidence of morphologic changes
and normalized biochemical and immunoenzymatic parameters
in rats receiving TAA and melatonin compared to animals
exposed to TAA. Further experimental studies and clinical trials
are required to confirm the predictive value of serum PON-1
activity determinations.
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