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Abstract

AIM: To investigate melatonin’s preventive action in ox-
idative stress in a rat model with high fat diet-induced
non-alcoholic fatty liver disease (NAFLD).

METHODS: NAFLD was induced by high fat diet (HFD)
in adult, male, Wistar rats, weighing 180-230 g. After
acclimatization for one week, they were randomly as-
signed to 6 experimental groups that comprised ani-
mals on regular diet plus 5 or 10 mg/kg melatonin, for
4 or 8 wk; animals on HFD, with or without 5 or 10
mg/kg melatonin, for 4 or 8 wk; and animals on HFD
for 8 or 12 wk, with melatonin 10 mg/kg for the last 4
wk. Liver damage was assessed biochemically by the
serum levels of alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), and histologically. Lipid
peroxidation and oxidative stress were assessed by
malondialdehyde and glutathione levels in liver tissue.
Lipidemic indices and portal vein pressure were also
measured.

RESULTS: Compared to rats not receiving melatonin,
rats on 5 or 10 mg/kg of melatonin had lower mean
liver weight (-5.0 g and -4.9 g) (P < 0.001) and lower
liver weight to body weight ratio (-1.0%) (P < 0.001),
for the two doses, respectively. All rats fed HFD with-
out melatonin developed severe, grade III, steatosis.
Rats on HFD with concurrent use of melatonin showed
significantly less steatosis, with grade Il steatosis ob-
served in 1 of 29 (3.4%) rats on 10 mg/kg melatonin
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and in 3 of 27 (11.1%) rats on 5 mg/kg melatonin.
Melatonin was ineffective in reversing established
steatosis. Melatonin also had no effect on any of the
common lipidemic serum markers, the levels of which
did not differ significantly among the rats on HFD, ir-
respective of the use or not of melatonin. Liver cell
necrosis was significantly less in rats on HFD receiving
melatonin than in those not on melatonin, with the AST
levels declining by a mean of 170 U/L (P = 0.01) and
224 U/L (P = 0.001), and the ALT levels declining by a
mean of 62.9 U/L (P = 0.01) and 93.4 U/L (P < 0.001),
for the 5 and 10 mg/kg melatonin dose, respectively.
Melatonin mitigated liver damage due to peroxida-
tion and oxidative stress in liver tissue as indicated by
a significant decline in MDA production by 12.7 (P <
0.001) and 12.2 (P < 0.001) umol/L /mg protein /mg
tissue, and a significant increase in glutathione by 20.1
(P = 0.004) and 29.2 (P < 0.001) umol/L /mg protein
/mg tissue, for the 5 and 10 mg/kg melatonin dose,
respectively.

CONCLUSION: Melatonin can attenuate oxidative
stress, lessen liver damage, and improve liver histology
in rats with high fat diet-induced NAFLD, when given
concurrently with the diet.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Non-alcoholic fatty liver (NAFL) and its progressive
form nonalcoholic steatohepatitis (INASH) is a common
non-alcoholic fatty liver disease (NAFLD). The NAFL-
NASH complex can be viewed as a pathological spec-
trum, with steatosis without inflammation ot necrosis
at one end (NAFL), and its progression with inflamma-
tion, necrosis and fibrosis or cirrhosis at the other end
(NASH)!".,

Recent data show that NAFLD is a hepatic manifes-
tation of the metabolic syndrome that is associated with
insulin resistance and encompasses a cluster of disorders,
such as obesity, dyslipidemia, type 2 diabetes mellitus, and
hypertension'”. Many of the risk factors for the NAFL-
NASH complex are well defined, but the undetlying
pathogenesis is not well understood. At present, therapy
is aimed at modifying the risk factors, but there are no
proven therapies for the prevention or even treatment of
NAFLD. Work on the pathogenesis of NAFLD suggests
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that the amelioration or prevention of oxidative stress
may be an effective treatment of NAFLD in humans es-
chewing a healthy lifestyle®.

Of the many biological targets of oxidative stress,
lipids figure most prominently. Lipid peroxidation
generates a number of byproducts, with malondialde-
hyde (MDA) being the principal product of fatty acid
peroxidation, a highly toxic molecule that is used as a
biomarker of lipid peroxidation and oxidative stress”.
The biological effects of oxidative stress are neutralized
in vivo by antioxidative defense mechanisms that include
vitamins C and E, carotenoids, antioxidant enzymes, and
glutathione (GSH). The latter in its reduced form is the
single most important protective and regulatory antioxi-
dant. Since lipid peroxidation markedly lowers its level,
glutathione together with MDA are used as indicators of
oxidative stress in the liver'".

Melatonin is a serotonin-derived neurohormone
formed primarily in the brain by the pineal gland of
all mammals, including man". In humans, melatonin
is secreted mostly nocturnally. Melatonin exerts its
many physiological actions via specific cell membrane
and nuclear receptors, although many of its actions are
receptor-independent, including the scavenging of free
radicals and the interaction with cytosol proteins, like
calmodulin and tubulin-associated proteins[6’7]. More im-
portantly, melatonin as an active substance in the neuro-
immune-endocrine system expresses numerous biologi-
cal functions concerning the circadian rhythm, sleep, the
stress response, the process of aging, and irnrnunity[s].
Furthermore, melatonin has natural direct or indirect an-
tioxidant effects'®”.

We hypothesized that the use of melatonin could
complement and amplify the antioxidant-defense system
and thereby reduce or prevent the severity of liver dam-
age associated with NAFLD. We tested our hypothesis,
in a rat model of NAFLD induced by a high fat diet, by
studying the effects of pharmacological doses of mela-
tonin on liver function, liver histopathology, portal vein
pressure, lipid metabolism, and oxidative stress.

MATERIALS AND METHODS

Animals and their treatment

Adult, male, Wistar rats weighing 180-230 g were sup-
plied by the Hellenic Pasteur Research Institute. They
were housed in a climate-controlled room at 24 = 1.5 C,
with a 12-h light (8 am-8 pm)/dark (8 pm-8 am) cycle,
and free access to food and tap water. The animals were
treated according to the “Principles of Laboratory Ani-
mal Care” of the National Society for Medical Reseatch,
and the Guidelines for the Care and Use of Laboratory
Animals, prepared by the Academy of Sciences and
published by the National Institutes of Health (Institute
of Laboratory Animal Resources Commission on Life
Sciences, 1996). At the end of the study, the rats were
anaesthetized with ether to measure the portal vein pres-
sure, collect blood viz cardiac puncture, and remove the

liver upon sacrifice.
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Melatonin and special diet

Melatonin was purchased from Sigma Aldrich Chemical
Co. (St Louis, MO, United States), dissolved in a mini-
mum volume of absolute ethanol, and diluted to 5 mg/
mL with 0.9% NaCl. The ethanol concentration in the
final solution was 0.8%.

Melatonin was injected intraperitoneally, consistently
between 7 pm and 8 pm, at a dose of 5 or 10 mg/kg body
weight. Rats that did not receive melatonin were injected
with an equivalent amount of saline/alcohol fluid (0.9%
NaCl containing 0.8% ethanol).

High fat diet (HFD) in pellet form was obtained from
Mucedola s.rl (Milano, Italy). It contains 19% protein,
17.5% fat, 3.5% fibre, 3.5% ashes, vitamins and minerals.
Regular diet (RD) was obtained from Kounker Keramaris
Bros and Co, (Athens, Greece). It contains 16.5% pro-
tein, 8% fibre, 8% ashes, 2% fat, 1% NaCl, vitamins and
minerals.

Experimental protocol

Eighty-two rats were used in the study. After acclima-
tization for one week, they were randomly assigned to
6 experimental groups. Group 1 rats (v = 12) were fed
HFD for 4 wk (subgroup 1A, # = 6) or 8 wk (subgroup
1B, #n = 6). Group 2 rats (# = 10) were fed RD plus 5
mg/kg melatonin for 4 wk (subgroup 2A, » = 5) or 8 wk
(subgroup 2B, # = 5). Group 3 rats (# = 10) were fed RD
plus 10 mg/kg melatonin for 4 wk (subgroup 3A, 7 = 5)
or 8 wk (subgroup 3B, # = 5). Group 4 rats (# = 20) were
fed HFD plus 5 mg/kg melatonin for 4 wk (subgroup
4A, n = 10) or 8 wk (subgroup 4B, » = 10). Group 5 rats
(n = 20) were fed HFD plus 10 mg/kg melatonin for 4
wk (subgroup 5A, # = 10) or 8 wk (subgroup 5B, #» = 10).
Group 6 rats (# = 10) were fed HFD for 8 wk (subgroup
6A, n = 5) or 12 wk (subgroup 6B, #» = 5) plus 10 mg/kg

melatonin for the last 4 wk.

Measurement of portal vein pressure

The abdomen was entered v7z a midline incision and the
portal vein was cannulated through the mesenteric vein
with a PE-50 catheter. The portal pressure was recorded
on a multichannel recorder through a highly sensitive
transducer (Spacelabs Medical Inc. Model 11-14-15)"",
The zero reference point was determined to be 1 cm
above the operating table.

Measurement of plasma and serum biochemical markers
Blood was collected zia cardiac puncture in vacutainer
tubes (Becton Dickinson Hellas, Athens, Greece), cen-
trifuged at room temperature for 15 min at 3000 g, and
serum stored in cryotubes at -70 ‘C. Serum levels of
alanine aminotransferase (ALT) and aspartate amino-
transferase (AST) were measured using a multianalyzer
(Cobas Mitas, Roche, Basel, Switzerland). Serum total
cholesterol (TC), triglycerides (T'G), low-density (LDL),
and high-density (HDL) lipoproteins were measured
using an online dual-enzymatic method for the simul-
taneous quantification of TC and TG, employing high-
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performance liquid chromatography.

Tissue preparation

Upon sacrifice, livers were quickly removed, washed with
ice-cold 0.9% NaCl, dried on a filter paper, weighed, and
samples were taken from the left anterior lobe. These
were divided in two parts, one part was fixed immedi-
ately in 10% neutral-buffered solution with 4% formal-
dehyde for 24 h before being embedded in paraffin, the
other part was immediately stored at -70 ‘C for measure-
ment of tissue MDA and GSH levels.

Liver histopathological evaluations

Serial liver sections, 4 um thick, were processed routinely
for hematoxylin-eosin staining. The histopathological
features were scored by one pathologist who was un-
aware of the specific dietary regimen of the animals.
Each section was evaluated for grading of steatosis ac-
cording to the criteria reported by Brunt ez a/'".

Measurement of liver MDA

Before the assay, tissue samples were washed in ice-cold
NaCl 0.9%, blotted on absorbent paper, and weighed.
Each sample was then minced in a small volume of ice-
cold 20 mm Tris-HCl buffer, pH 7.4, in a 1:10 w/v ratio,
and homogenized. After centrifugation at 3000 g for 10
min at 4 'C, the clear homogenate supernatant was used
for biochemical assay. For the determination of MDA,
0.65 mL of 10.3 mmol/L N-methyl-2-phenyl-indole in
acetonitrile was added to 0.2 mL of tissue sample. After
vortexing for 3-4 s, 0.15 mL of 15.4 mol/L methane-
sulfonic acid was added and samples were mixed well,
closed with a tight stopper, and incubated at 45 C for 40
min. The samples were then cooled on ice, centrifuged,
and the absorbance was measured spectrophotometrical-
ly at 586 nm. A calibration curve, comprising accurately
prepared standard MDA solutions (from 2 to 20 nmol/
mL), was also run for quantitation'”. Measurements
were performed in triplicate. MDA levels were expressed
as umol/L/mg protein/mg tissue.

Measurement of liver GSH levels

GSH levels were measured in homogenized liver tissue
using the colorimetric assay for GSH, according to the
manufacturer’s instructions (Bioxytec GSH-400, Oxis
Research, Portland United States)"”. GSH concentra-
tions were determined using a standard curve of ab-
sorbance units versus GSH concentrations. GSH levels
were exptessed as umol/L /mg protein /mg tissue.

Statistical analysis
In the analysis of data, continuous variables were re-
ported as mean * SD and compared using the Student
# test. Categorical variables were reported as relative fre-
quencies (%) and compared using the y° test. Treatment
effects on histology grading were estimated using logistic
regression models.

The odds ratios (ORs) were estimated and presented
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Table 1 Univariate analysis of diet and melatonin use and its duration

Liver weight (g) P value Liver weight/ P value Portal vein P value
body weight (%) pressure (mmHg)
Diet
HFD 13.3+28 <0.001 35105 <0.001 119+27 <0.001
RD 91+1.3 BV 24+0.3 BV 8.0+1.7 BV
Melatonin
10 mg/kg 112+25 <0.001 3.0+£0.5 <0.001 105+2.6 0.01
5mg/kg 113+23 <0.001 3.0+0.6 <0.001 103+£28 0.03
0mg/kg  162+23 BV 40+05 BV 13.0+35 BV
Duration
8 wk 12.0+£3.6 0.86 3.2+0.7 0.71 10.1£25 0.02
4 wk 122+26 BV 3.2+0.7 BV 12.0+£3.3 BV

Variables are expressed as mean + SD. HFD: High fat diet; RD: Regular diet; BV: Baseline value.

Table 2 Effect of melatonin after adjusting for high fat diet

and duration of its use

Melatonin 5 mg/kg P value 10 mg/kg P value
Liver weight (g) -39 <0001 -39 <0.001
Liver weight/body weightratio (%) -0.7 <0.001 -0.7 <0.001
Portal vein pressure (mmHg) -1.6 0.09 -14 0.14

Results are expressed as the mean difference between rats on melatonin by
comparison to those not on melatonin.

with their 95%CI. A two-sided P < 0.05 was considered
statistically significant. Stata v8 package was used for
data analysis.

RESULTS

The results pertain to seventy-eight rats, since four of
the eighty-two used rats (two, one, and one from sub-
groups 4A, 4B and 5A, respectively) died upon comple-
tion of the study during anaesthesia.

Liver weight, liver weight over body weight ratios, portal
vein pressure

Rats on HFD (groups 1, 4 and 5) had a significantly
higher mean liver weight (+4.2 g) (P < 0.001), higher
liver weight over body weight ratio (+1.1%) (P < 0.001),
and higher mean portal vein pressure (+3.9 mmHg) (P <
0.001) compared to rats on RD (groups 2 and 3). Rats re-
ceiving melatonin (groups 2, 3, 4 and 5) had lower mean
liver weight [-5.0 g at 10 mg/kg (P < 0.001) and -4.9 g at
5 mg/kg melatonin (P < 0.001)], lower liver weight over
body weight ratio (-1.0%) (P < 0.001) for both mela-
tonin doses, and lower mean portal vein pressure [-2.5
mmHg (P = 0.03) and -2.7 mmHg for 5 and 10 mg/kg
melatonin, respectively], compared to rats not receiving
melatonin (group 1). All comparisons between subgroups
with 5 mg/kg »s 10 mg/kg melatonin wetre not statisti-
cally significant. The duration of melatonin use (4 wk s
8 wk) had an insignificant effect on liver weight and liver
weight over body weight ratio; however it was associated
with a statistically significant decline in mean portal vein
pressure (-1.9 mmHg) (P = 0.02) in groups treated for 8
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wk compared to 4 wk (Table 1). After adjusting for HFD
and duration of treatment, melatonin was associated with
a significant decline in liver weight and liver weight over
body weight ratio, but had no significant effect on portal
vein pressure (Table 2). Comparisons between groups
on high (10 mg/kg) »s low (5 mg/kg) melatonin yielded
statistically insignificant results for both liver weight and
liver weight over body weight ratio.

Effects of melatonin use on liver steatosis

Of the 48 rats on HFD (groups 1, 4 and 5), all but one
(in subgroup 5B) (47/48, 98%) developed steatosis
grade I to grade III, against none among the 20 rats on
RD (groups 2 and 3) (P < 0.001). All 12 rats (100%) on
HFD without melatonin (group 1) developed grade I
steatosis. By contrast, rats on HFD for 4 or 8 wk with
concurrent use of 5 or 10 mg/kg melatonin (groups 4
and 5) showed a significant mitigation of liver steatosis,
with only 4 of 306 rats developing grade IIl steatosis (P <
0.001). When all rats receiving melatonin were grouped
together, grade IIl steatosis was evident in 1 of 29 (3.4%)
rats receiving 10 mg/kg melatonin (groups 3 and 5) (P <
0.001) and in 3 of 27 (11.1%) rats (groups 2 and 4) (P <
0.001) receiving 5 mg/kg melatonin (Figure 1).

Overall, 1 mg/kg increase in melatonin dose had a
protective effect on steatosis in rats on HFD, reducing
its risk (grade I or worse steatosis) by OR 0.85 (95%Cl:
0.72-0.99). The duration of melatonin use (4 wk »s 8 wk)
had no significant effect on the severity of steatosis (Table
3). After adjusting for duration of melatonin use, mela-
tonin showed again a protective effect toward grade I or
worse steatosis in rats on HFD, reducing the risk by OR
0.69 per 1 mg/kg increase in melatonin dose (95%CIL:
0.59-0.83) (Table 4).

All rats (10/10, 100%) on HFD for 8 or 12 wk re-
ceiving 10 mg/kg melatonin in the last 4 wk (subgroups
0A and 6B) showed grade Il steatosis, as against 4 of 36
rats (11.1%) on HFD that concurrently received 5 mg/
kg ot 10 mg/kg melatonin (groups 4 and 5) (P < 0.001).

Serum biochemical parameters and liver tissue markers

of oxidative stress
The levels of TC, LDL, HDL and TG did not differ sig-
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" HFD + ML 5 mg/kg, 8 wk

e

Y S X
HFD + ML 10 mg/kg, 8 wk

Figure 1 Histopathological features of liver samples. A: Normal liver architecture in rats on regular diet plus melatonin; B: Severe fatty liver disease in rats on high
fat diet without melatonin; C-F: Attenuated steatosis in rats on high fat diet and melatonin. (Hematoxylin-eosin staining was used, x100). RD: Regular diet; HFD: High

fat diet; ML: Melatonin.

Table 3 Univariate analysis of diet, melatonin use and its duration 7 (%)

n = 68 Grade O Grade 1 Grade 2 Grade 3 OR (95%CI) P value
Diet
HFD (n = 48) 1(210)  19(39.60) 12 (25) 16 (33.30) NE <0.001
RD (1 = 20) 20 (100) 0(0) 0(0) 0(0) BV
Melatonin
10mg/kg (n=29)  11(37.90) 9 (31) 8(27.60) 1 (3.40) 0.85' (0.72-0.99) 0.04
5 mg/kg (1 = 27) 10 (37) 10 (37) 4(1490) 3 (11.10)
0mg/kg (n=12) 0(0) 0(0) 0(0) 12 (100)
Duration
8 wk (n = 35) 11 (31.40) 10 (28.60) 7 (20) 7 (20) 0.95 (0.34-2.66) 0.92
4wk (n =33) 10(30.30)  9(27.30)  5(1510) 9 (27.30) BV

'Per 1 mg/ kg increase in melatonin. HFD: High fat diet; NE: Not estimated; RD: Regular diet; BV: Baseline value.

Table 4 Ordinal logistic regression analysis of melatonin effect

in rats on high fat diet

n =48 OR (95%CI) P value
Melatonin (per 1 mg/kg increase) 0.69 (0.59-0.83) <0.001
Duration (8 wk vs 4 wk) 0.65 (0.20-2.10) 0.47

nificantly among the rats on HFD, irrespective of the use
or not of melatonin (Figure 2). After adjusting for HFD
and duration of melatonin use, melatonin had no effect
on any of the common lipidemic serum markers (Table 5).

There was a significant aminotransferase decrease
in rats on HFD receiving melatonin as compared with
those not on melatonin (Figure 3A and B). Specifically,
AST and ALT levels declined by a mean of 170 and 62.9
U/L, respectively, in the 5 mg/kg melatonin group, and
by 224 and 93.4 U/L, respectively, in the 10 mg/kg mel-
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atonin group (Table 5). However, differences between
the 5 mg/kg »s 10 mg/kg melatonin dose were not sig-
nificant for either the AST (P = 0.30) or the ALT (P =
0.12) (Table 5).

Compared to animals not on melatonin, melatonin
use led to a significant decline in MDA production in
liver tissue by 12.7 and 12.2 for the 5 and 10 mg/kg
melatonin dose, respectively, and a significant increase in
GSH in liver tissue by 20.1 and 29.2 for the 5 and 10 mg/
kg melatonin dose, respectively, in multivatiable analysis
adjusting for diet and duration of melatonin use (Figure
3C and D) (Table 5). The MDA and GSH differences in
liver tissue between tats receiving 5 mg/kg »s 10 mg/kg
melatonin were not significant.

DISCUSSION
The validity of our experimental model of NAFLD in
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Table 5 Effect of melatonin on laboratory indices

Melatonin P value Melatonin P value
(5 mg/kg) (10 mg/kg)
Lipidemic profile
TC (mg/dL) -10.7 045 2.2 0.87
LDL (mg/dL) -6.3 0.60 -3.9 0.74
HDL (mg/dL) -5.3 0.10 1.9 0.52
TG (mg/dL) 6.7 0.71 -5.2 0.76
Hepatic function
AST (U/L) -170 0.01 -224 0.001
ALT (U/L) -62.9 0.01 -93.4 <0.001
Oxidative profile
MDA -12.7 < 0.001 -12.2 <0.001
GSH 20.1 0.004 29.2 <0.001

Multivariate linear regression analysis of melatonin effect after adjusting
for duration of its use and high fat diet (HFD). Results are expressed as
the mean difference between rats on melatonin by comparison to those not
on melatonin. TC: Total cholesterol; LDL: Low-density lipoprotein; HDL:
High-density lipoprotein; TG: Triglycerides; AST: Aspartate aminotrans-
ferase; ALT: Alanine aminotransferase; MDA: Malondialdehyde; GSH:
Glutathione.

rats on HFD was confirmed by the histopathological
findings of liver steatosis. Liver steatosis was absent in
rats on regular diet.

In this rat NAFLD model, administration of 5 or 10
mg/kg melatonin, for 4 or 8 wk, was effective in miti-
gating the course of NAFLD. In particular, melatonin
showed a strong tendency to attenuate liver steatosis and
to curtail the rise of liver weight, portal vein pressure,
and serum aminotransferases. By contrast, rats on HFD
without melatonin showed significantly higher liver
weight, liver weight over body weight ratio, portal vein
pressure, serum aminotransferases, and higher TC, TG,
LDL and HDL.

These results are in keeping with previous studies
indicating a hepatoprotective effect of melatonin in rat
models of diet-induced NAFLD"*",

The putative mechanism of the beneficial effect of
melatonin on NAFLD in rats on HFD is the decrease of
lipid peroxidation and the limitation or prevention of ox-
idative stress. Melatonin’s antioxidant repertoire includes:
its stimulation of antioxidant enzymes"”, the regulation
of gene transcription for antioxidant enzymes' ', its direct
free radical scavenger action'] the stimulation of glu-
tathione synthesis' ", its ability to augment the activities
of other antioxidants™ the protection of antioxidative
enzymes from oxidative damage®", its action on the mi-
tochondrial respiratory chain activity whereby melatonin
lowers the electron leakage and reduces the generation
of free radicals™, and finally its significant attenuation
of LPS-induced sterol regulatory element-binding pro-
tein (SREBP)-1c activation and expression of SREBP-
1c target genes that prevents LPS-induced hepatic lipid
accumulation'™

Lipid peroxidation, and peroxidation of membrane
lipids, links steatosis to steatohepatitis, with its attendant
necroinflammation, liver cell necrosis, increased ALT and

AST levels, and fibrosis”". The aldehyde product of lipid
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peroxidation, MDA, induces hepatic stellate cell activa-
s
tion

, these being the main collagen-producing cells
within the liver, leading to enhanced extracellular matrix
protein deposition. MDA may also contribute to inflam-
mation by activating nuclear factor-kappaB (NF-kB), a
transcription factor regulating the expression of several
proinflammatory cytokines and adhesion molecules, in-
cluding tumour necrosis factor-alpha, intercellular adhe-
sion molecule 1, and E-selectin™*".

However, steatosis by itself (first hit) is not sufficient
for the development of steatohepatitis and fibrosis, as
the latter would require the action of additional factors
(second hit)®. Such factors would include a source of
free radicals capable of inducing oxidative stress” the
inhibition of electron transfer along the respiratory chain
that would lead to the generation of superoxide anions
capable of initiating lipid peroxidation™, and enhanced
formation of reactive oxygen species (ROS) leading to
increased oxidative stress. In this respect, melatonin has
additive or multiplier effects on the reduction of lipid

fe2n being twice as effective as vitamin E

b1

peroxidation
at protecting cell membranes from lipid peroxidation
The observation in our study of significantly reduced
MDA levels in livers of rats on HFD and melatonin, but
not in rats on HFD alone might suggest that melatonin
may have efficiently reduced lipid peroxidation and its
end products, such as MDA.

In addition, melatonin, as a free radical scavenger,
is effective against oxidative stress by reducing the pro-
duction of free radicals and ROS and by improving the
function of the mitochondrial respiratory chain!"**¥,
Furthermore, melatonin increases the levels of several
antioxidative enzymes, including superoxide dismutase,
glutathione peroxidase, and glutathione reductase.

Significantly, our study provided support for the
protective effect of melatonin against oxidative stress by
showing increased glutathione levels in the liver of rats
on HFD and melatonin when compared to rats on HFD
without melatonin. It would appear that melatonin does
stimulate the production of glutathione, with the ensu-
ing protective effect against oxidative stress.

Morteover, besides its free radical scavenging and an-
tioxidative functions, melatonin’s receptor-mediated local
functions may contribute to its ability to preserve cell
function and limit cell death from apoptosis or necrosis
due to oxidative damagem’m. Melatonin’s protective ef-
fect against liver cell necrosis was supported in our study
by the significantly lower level of serum aminotransfer-
ases in rats on HFD receiving melatonin.

In contrast to the protective action of melatonin
when given synchronously with HFD, this effect was
lost in rats receiving melatonin at a late phase of the
experiment, with melatonin failing to reverse or reduce
the severity of steatosis. Our study is the first to indicate
melatonin’s possible ineffectiveness at reversing estab-
lished steatosis. Cleatly, further study is needed to test
if delayed melatonin administration for more than 4 wk
might be effective in reversing steatosis.
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In our study, melatonin had no significant effect on
the lipidemic markers. After adjusting for HFD and
duration of melatonin use, the lipidemic serum mark-
ers (TC, TG, LDL and HDL) were higher in rats on
HFD without melatonin than in rats on HFD receiving
melatonin, but this difference did not reach statistical
significance. This is in contrast to the findings of Pan e#

jgl % and Chen e al” who found significantly reduced

TC and TG levels in rats given a moderate or high dose
of melatonin (5 or 10 mg/kg), and also to the findings
of Hoyos ¢t al™ who found significantly reduced levels
of TC and LDL in the melatonin groups. However, our
findings match those of the latter study as it concerns
the TG levels.

We don’t have a clear explanation for this discrepan-
cy. Suffice to say that melatonin does not protect against
the consequences of a high fat diet, including increased
intestinal lipid absorption leading to an increased sup-
ply of free fatty acids to the liver, the increased de novo
synthesis of fatty acids in the liver, or the increased
VLDL-TG discharge from the liver. On the other hand,
melatonin may have a hypocholesterolemicm and hypo-
lipidemic effect™ ", This may partly explain our find-
ings of no statistical difference in the lipidemic profile
between the groups. Or, possibly, the conflicting results
may correlate with the duration of melatonin adminis-
tration or the dose used.

The extrapolation of our data to humans requires fur-
ther investigation. Recently, Gonciarz ez al™ conducted
a pilot study of a 3-mo course of melatonin treatment
of patients with non-alcoholic steatohepatitis, with en-
couraging results. Based on our experimental evidence,
the case might be made for the use of melatonin in con-
ditions with characteristics of the metabolic syndrome,
where excessive free radical generation and oxidative
stress may occur. This view is supported by the findings
of a recent study where melatonin improved the meta-
bolic syndrome induced by high doses of fructose in rats,
as showed by a decrease in the insulin resistance, together
with a decrease in the concentration of serum tumour
necrosis factor-o, hepatic lipid peroxide, and hepatic re-
duced glutathionem.

Oral administration of melatonin is safe, and with-
out serious acute or chronic toxicitypg’m. However, its
daytime use may cause feelings of sleepiness and fatigue,
which can adversely affect performancel“].

In summary, melatonin was shown to counter lipid
peroxidation and oxidative stress, thus providing a degree
of protection against the development or the severity of
NAFLD in rats concurrently on HFD and melatonin.
However, in our experimental model, melatonin was not
effective in reversing a state of established steatosis. In-
terestingly, melatonin administration was not associated
with a significant change in the lipid metabolic profile.

COMMENTS

Background

The non-alcoholic fatty liver and its progressive form, nonalcoholic steatohepa-

a.
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titis, is a common non-alcoholic fatty liver disease (NAFLD). Recent data show
that non-alcoholic fatty liver disease is a hepatic manifestation of the meta-
bolic syndrome that is associated with insulin resistance and encompasses a
cluster of disorders, such as obesity, dyslipidemia, type 2 diabetes mellitus,
and hypertension. NAFLD is widely prevalent and is clinically being seen with
greater regularity because of the high fat and calorie diets consumed in many
countries, the disease being present in approximately 30% of the United States
population, with the risk that as many as 15% to 20% of subjects with non-
alcoholic steatohepatitis will develop cirrhosis. While much new information
on the pathogenesis and natural history of non-alcoholic fatty liver disease is
available, proven therapies for the prevention or even treatment of this common
disease remain to be established.

Research frontiers

Work on the pathogenesis of NAFLD suggests that lipid peroxidation, peroxida-
tion of membrane lipids and oxidative stress, are its main risk factors. In the
area of prevention of NAFLD, the research hotspot is the use of melatonin, with
its direct or indirect antioxidant effects, to complement and amplify the natural
antioxidant-defenses-system of humans and thereby reduce or prevent the se-
verity of liver damage associated with non-alcoholic liver disease.

Innovations and breakthroughs

Recent data show that lipid peroxidation, fatty acid peroxidation, and oxidative
stress generate a number of byproducts that are highly toxic to liver cells lead-
ing to NAFLD. At present, therapy is aimed at modifying the risk factors, but
there are no proven therapies for the prevention or even treatment of NAFLD.
The biological effects of oxidative stress are neutralized in vivo by antioxidative
defense mechanisms that include vitamins C and E, carotenoids, antioxidant
enzymes, and glutathione. The use of melatonin could complement and amplify
the natural antioxidant-defenses-system and thereby reduce or prevent the
severity of liver damage associated with oxidative stress, in NAFLD. In the
present experimental study, the authors provide ample evidence that melatonin
counters against lipid peroxidation and oxidative stress, thus providing a degree
of protection against the development or the severity of NAFLD. However, in
this experimental model it was shown for the first time that melatonin was not
effective in reversing a state of already established NAFLD.

Applications

Melatonin counters against oxidative stress and its use can ameliorate or pre-
vent oxidative stress and may prevent or retard the development of NAFLD in
humans not adopting a healthy life-style, by decreasing lipid peroxidation and
by limiting or preventing oxidative stress. Based on the experimental evidence
of this study, the case might be made for the use of melatonin in conditions with
characteristics of the metabolic syndrome, where excessive free radical genera-
tion and oxidative stress may occur.

Terminology

Melatonin is a neurohormone formed primarily in the brain of all mammals,
being secreted mostly nocturnally in humans. Melatonin expresses numerous
actions such as natural direct or indirect antioxidant effects and scavenging of
free radicals. Humans can benefit from melatonin’s actions, especially if they
have a tendency to develop the metabolic syndrome.

Peer review

This is a well designed and conducted study. Results are clearly presented,
and represent a possible contribution for the prevention and management of
NAFLD. This report documents that melatonin prevents or retards the develop-
ment of fatty liver in rats fed a high fat diet. Moreover, the authors report that
once fatty liver develops, melatonin does not reverse this condition. These are
important findings with clear clinical implications.
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