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Abstract

In the present study, it was aimed to investigate the effects of 
Monosodium Glutamate (MSG) consumption on rat liver and the 
possible antioxidant and anti-inflammatory effects of melatoni-
nin protecting against MSG-induced hepatic damage. Thirty two 
adult female rats were randomly divided into 4 groups. For 30 days, 
MSG (2g/kg/day) or melatonin (4mg/kg/day) was given daily in 
drinking water or both melatonin and MSG were given simultane-
ously at the same doses, while normal drinking water was given 
to the control group. Alanine Aminotransferase (ALT) and Aspar-
tate Aminotransferase (AST) levels were investigated in the serum 
of rats decapitated at the end of the experiment. In liver sections, 
Hematoxylin-Eosin (H-E), Sirius red, Periodic Acid Schiff (PAS) sta-
ining for histopathological damage examination, Nuclear Factor-
kappa B (NF-κB), smooth muscle α-actin [alpha-Smooth Muscle Ac-
tin (α-SMA)], NADPH Oxidase (NOX-2), Transforming Growth Factor 
(TGF)-β1, SMAD2, SMAD7 immunohistochemistry were applied. At 
the end of the experiment, % body weight change in MSG group 
rats was high, and serum ALT and AST levels were increased com-
pared to control group, while these levels weredecreased with me-
latonin administration. In addition, vacuolization in hepatocytes, di-
latation in sinusoids, increase in Kupffer cells andinflammatory cell 
foci were detected in the MSG group. When melatonin wasadded 
to MSG, decreased hepatocyte glycogen content and SMAD7 im-
munoreactivity with increased α-SMA were observed along with 
improvements in NF-kB, NOX-2, TGF-β1, SMAD2 immunoreactivity. 
Our findings suggest that melatonin, with its antioxidant and anti-
inflammatory effects, may be a potential agent to prevent liver da-
mage that can be caused by MSG in the diet.

Keywords: Monosodium glutamate; Liver; Melatonin; Oxidative 
stress; İnflammationIntroduction

Today, with the advancement in food technology and chan-
ge in dietary habits, production and consumption of processed, 
packaged, and ready-to-eat food are increased. Monosodium 
Glutamate (MSG) is one of the food additives, which is widely 
used as a flavor enhancer [1,2]. Although these substances have 
several benefits and functions in terms of food industry, the-
ir effects on human health are controversial. Following its ab-
sorption, MSG is metabolized in the liver and the liver is one of 
the most vulnerable organs to toxic insults [3]. In various animal 
models using MSG, it was reported that MSG is toxic to the li-
ver, brain, thymus, ovary, tuba uterina, testes, kidneys, and he-
matopoietic system [4]. Toxic effects of MSG application was as-
sociated with increased lipid peroxidation, decreased glutathio-

ne levels, and decreased catalase and superoxide dismutase ac-
tivities in the tissues [5]. Oral application of MSG at the doses 
which is thought suitable for humans, caused increase in liver 
oxidative stress markers [6]. Besides, it was also reported that 
its application resulted in obesity, diabetes, steatosis in hepa-
tocytes, inflammation, fibrosis, neoplastic changes, nodular le-
sions and degeneration in biliary ducts [6,7]. In a study in which 
rat pups were fed with MSG for 1 year starting from neonatal 
period; obesity, increase in serum lipid profiles, deteriorated 
glucose tolerance and metabolic syndrome was observed [8]. 
Even MSG was given orally, increased insulin levels were obser-
ved within 3 minutes [9]. Another study using MSG application 
reported hyperinsulinemia, obesity, adipocyte dysfunction and 
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related reproductive system disorder [10]. MSG was reported to 
cause toxic effects on the liver and costic effects on gastrointes-
tinal tract epithelium [11]. 

Melatonin is a hormone which has a role in sleep cycle, re-
gulation of circadian rhyhm, and regulation of many biological 
functions such as reproduction and immunity [12]. It has been 
reported in different studies that antioxidant and antiinflamma-
tory effects of melatonin might be useful for ameliorating hepa-
totoxicity caused by toxic agents [13,14].

In the present study, it was aimed to investigate possible pro-
tective effects of melatonin on the liver injury caused by MSG 
ingestion, by morphological and biochemical methods.

Materials And Method

Animals

Three-month-old adult female Wistar albino rats were used 
in the present study. Animals were obtained from Marmara 
University, The Experimental Animal Implementation and Rese-
arch Center. All experiments were done according to the Natio-
nal Guidelines on Animal Experimentation and were approved 
by the Marmara University Local Ethical Committee for Experi-
mental Animals (43.2021.mar). The animals were housed in a 
12-hr light/dark cycle and humidity controlled room. 

Groups were as follows: 

Control group (n=8): Animals were given normal drinking 
water for 1 month. 

Melatoningroup (n=8):4 mg/kg/daymelatonin was added to 
drinking water for 1 month. 

MSG group(n=8):2 g/kg/day MSG was added to drinking wa-
ter for 1 month [15].

MSG+melatonin group (n=8):2 g/kg/day MSG and 4 mg/kg/
daymelatonin were added to drinking water for 1 month.

Chemicals

In the present study, MSG with ≥98.0% purity was used 
(L-glutamic acid monosodium salt monohydrate, Sigma-Aldrich, 
USA, 49621). Average water consumption of each rat in one day 
was calculated as approximately 10-12ml/100g. MSG was da-
ily prepared and given in drinking water as 2g/100ml according 
to the animal’s body weight. Thus, each rat was given MSG 2g/
kg/day.

Melatonin was used as ≥98.0% purity level (Sigma-Aldrich, 
USA, M5250). It was given in drinking water as 4mg/100ml.

Experiment Protocol

Weight of the animals was measured at the beginning and 
the end of the study. The percentage of weight loss or weight 
gain of each animal was calculated [(weight change/first we-
ight)x100]. Lee index was used for evaluation of obesity [16]. 
Values >310 were accepted as obesity. 

At the end of the experiments, rats were deeply anesthe-
tized with ketamine (100mg/kg) and xylazine hydrochloride 
(10mg/kg), intracardiac blood samples were obtained and then 
they were decapitated.

Biochemical Evaluation

Blood samples obtaned from decapitated animals were cent-

rifuged at 3000rpm for 10 min. Serum and liver tisues were kept 
at -20°C until biochemical evaluations were done. Alanine Ami-
notransferase (ALT) and aspartate transaminase levels in serum 
were detected by using commercial kits with an autoanalyzer 
(Human/300)  in Vetlab Veterinary Diagnostics Laboratory.

Light Microscopic Preparation and Histological Scoring 

Liver tissues were fixed in 10% neutral buffered formalin. Af-
ter dehydration in ascending series of ethanol, tissues were cle-
ared in xylene. Tissues were embedded in paraffin after incuba-
ting in liquid paraffin at 60°C overnight. Four-micron-thick sec-
tions were stained with Hematoxylin and Eosin (H&E) for histo-
pathological evaluation and with Sirius red for collagen density. 
PAS reaction was applied for evaluating glycogen content in he-
patocytes. Sections were examined under an Olympus DP72 ca-
mera attached Olympus BX51 photomicroscope (Tokyo, Japan).

Five randomly selected areas in H&E stained sections under 
X20 objective were examined. Vacuolization in hepatocytes, va-
socongestion, sinusoidal dilatation and Kupffer cell infiltration 
were evaluated. Histopathological findings were scored as fol-
lows: 0, no pathological finding; 1, mild; 2, moderate; 3, seve-
re pathological findings [17]. Five areas in the sections stained 
with Sirius red were examined under X40 objective and evalua-
ted by using Image J program; and percentage of stained areas 
were calculated. Glycogen content in sections stained with PAS 
was scored as 0, no staining; 1, mild; 2, moderate; 3, heavy sta-
ining [18]. 

Immunohistochemistry 

Liver sections were immunostained for α-SMA, NF-κB, NOX-
2, TGF-β1, Smad2, and Smad7. Four-micron-thick sections were 
incubated in 37°C and then deparaffinized in xylene. Secti-
ons were incubated in pure ethanol, 96% ethanol, and in 3% 
H₂O₂ in methanol for blockage of endogenous peroxidase acti-
vity. For antigen retrieval, sections were exposed to citrate tam-
pon in microwave and incubated in blocking solution. Sections 
were incubated in primary antibodies (α-SMA, Abcam, ab7817, 
1:200; NF-κB, Santa Cruz, sc-109, 1:100; NOX-2, Bioss, bs-3889R, 
1:200, TGF-β1, Santa Cruz, sc-52893, 1:100; Smad2, Santa Cruz, 
sc-101153, 1:200; Smad7, Santa Cruz, sc-101152, 1:200) at 4°C. 
Then, biotinylated secondary antibody (SHP125, ScyTek Labo-
ratories, Inc. USA) and Horse-Radish Peroxidase (HRP) soluti-
on were applied. After applying DAB chromogen (DAB Chro-
mogen/Substrate Bulk Pack, ACK500, ScyTek Laboratories, Inc. 
USA), sections were counterstained with Mayer’s hematoxy-
lin and mounted with Entellan. For negative controls, PBS was 
used instead of primary antibodies. Randomly selected five are-
as were photographed under X40 objective and percentage of 
NF-κB,α-SMA, NOX-2, TGF-β1, Smad2 and Smad7 positive areas 
were evaluated by using Image-J program.

Statistical Analysis

Data were analyzed by using GraphPad Prism 8.0 (Graph-
Pad Software, San Diego, CA, USA) program and presented as 
mean±S.E.M. One-Way-ANOVA and Tukey multiple comparison 
tests were used. p<0.05 was considered as significant.

Results

Weight Follow-upand Calculation of Lee Index

Weight gain in the animals in MSG group was increa-
sed compared to the control group (p<0.001). Weight gain in 
MSG+melatonin (p<0.01) and melatonin (p<0.0001) groups 
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were significantly decreased compared to MSG group (Figure 
1a). Lee index score was increased in MSG group compared to 
the control group (p<0.0001), but decreased in melatonin (p 
<0.0001) and MSG+melatonin (p<0.01) groups as compared to 
the MSG group (Figure 1b).

Biochemical Evaluation

ALT and AST levels were increased in MSG group compared 
to the control group (p<0.01); while both levels were decreased 
in MSG+melatonin group compared to the MSG group (p<0.05) 
(Figure 1c, d). 

Histopathological Findings

Hepatocytes and sinusoids showed normal morphology, and 
Kupffer cell number was normal in control (Figure 2a) and me-
latonin (Figure 2b) groups. Vacuolization in hepatocytes, si-

nusoidal dilatation, vasocongestion in portal area and increa-
sed number of Kupffer cells were observed in MSG group (Fi-
gure 2c). The number of vacuolized hepatocytes and Kupffer 
cells, vasocongestion and sinusoidal dilatation were decrea-
sed in MSG+melatonin group (Figure 2d). Histopathological sco-
re was increased in MSG group compared to the control group 
(p<0.001), and decreased in MSG+melatonin group compared 
to the MSG group (p<0.001) (Figure 2e).

The presence of collagen fibers in liver parenchyma and 
periportal areas was scant in control (Figure 2f) and melato-
nin (Figure 2g) groups. Increased collagen density was obser-
ved especially in periportal areas, and collagen distribution was 
slightly widespread in MSG group (Figure 2h). Collagen accu-
mulation in parenchyma and periportal areas was decreased 
in MSG+melatonin group (Figure 2i). The percentage of colla-
gen distribution was increased in MSG group compared to the 
control group (p<0.001) and decreased in MSG+melatonin gro-
up compared to the MSG group (p<0.001) (Figure 2j). 

In PAS-stained sections, glycogen distribution was normal in 
control (Figure 2k) and melatonin (Figure 2l) groups; however, 
it was impaired in MSG+melatonin group (Figure 2m). Glycogen 
distribution was similar to the control group in MSG+melatonin 
group (Figure 2n). PAS staining score was decreased in MSG gro-
up compared to the control group (p<0.001) and increased in 
MSG+melatonin group compared to the MSG group (p<0.01) 
(Figure 2o). 

Immunohistochemistry

α-SMA Immunohistochemistry

The percentage of α-SMA stained regions in portal areas and 
around the central vein was less in control (Figure 3a) and mela-
tonin (Figure 3b) groups. MSG group showed more α-SMA sta-
ined areas compared to the control group (p<0.0001) (Figure 
3c). MSG+melatoningroup showed less stained areas compared 
to the MSG group (p<0.0001) (Figure 3d, 3e).

Figure 1: (a) Percentage of weight change. ***: p<0.001, compared 
to the control group; ++++: p<0.0001, ++: p<0.01 compared to the 
MSG group. (b) Lee index score. ****: p<0.0001, compared to the 
control group; ++: p<0.01, ++++: p<0.0001,compared to the MSG 
group. (c) Serum ALT levels. **: p<0.01, compared to the control 
group; +: p<0.05, compared to the MSG group. (d) Serum AST le-
vels. **: p<0.01, compared to the control group; ++: p<0.01, +: 
p<0.05, compared to the MSG group.

Figure 2: Normal liver morphology in control (a) and melatonin 
(b) groups. (c) Sinusoidal dilatation is evident in MSG group. Up-
per inset: Vacuoles (arrowhead) in hepatocytes. Lower inset: Inf-
lammatory cell infiltration (arrow). (d) Normal liver morphology in 
MSG+ melatonin group. (e) Histopathological score. ***: p<0.001, 
**: p<0.01, compared to the control group; +++: p<0.001, compa-
red to the MSG group. Collagen distribution in control (f), melato-
nin (g), MSG (h), and MSG+melatonin (i) groups. Increased colla-
gen tissue is evident in MSG group. (j) Percentage of average col-
lagen distribution. ***: p<0.001, compared to the control group; 
+++: p<0.001, compared to the MSG group. Glycogen distibution 
in control (k), melatonin (l), MSG (m), and MSG+melatonin (n) gro-
ups. Decreased glycogen in hepatocytes is evident in MSG group. 
(o) Semi-quantitative assessment of glycogen distribution. ***: 
p<0.001, compared to the control group; +++: p<0.001, ++: p<0.01, 
compared to the MSG group. (a-d) Hematoxylin and eosin staining, 
(f-i) Sirius red, (k-n) PAS reaction. Bars: 50 µm. Bars in insets: 20 µm.

Figure 3: α-SMA immunoreactivity (arrows) in control (a), me-
latonin (b), MSG (c), and MSG+melatonin (d) groups. (e) Percen-
tage of α-SMA immunoreactive areas. ****: p<0.0001, compa-
red to the control group; ++++: p<0.0001, compared to the MSG 
group. NFκB immunoreactive cells (arrows) in control (f), melato-
nin (g), MSG (h), and MSG+melatonin (i) groups. (j) Percentage of 
NFκBimmunoreactivity. ***: p<0.001 compared to the control gro-
up; +++: p<0.001, compared to the MSG group. TGF-β1 immuno-
reactive cells (arrows) in control (k), melatonin (l), MSG (m), and 
MSG+melatonin (n) groups. (o) Percentage of TGF-β1 immunoreac-
tivity.**: p<0.01, compared to the control group; ++: p<0.01, com-
pared to the MSG group.
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NF-κB Immunohistochemistry

A few NF-κB positive cells were observed in control (Figure 
3f) and melatonin (Figure 3g) groups. NF-κB positive cells were 
numerous in MSG group (Figure 3h) and less in MSG+melatonin 
group (Figure 3i). The percentage of NF-κBimmunoreactive cell 
areas was increased in MSG group compared to the control gro-
up (p<0.001) and decreased in MSG+melatonin group compa-
red to the MSG group (p<0.001) (Figure 3j).

TGF-β1 Immunohistochemistry

TGF-β1 immunoreactivity was less in the portal areas of cont-
rol (Figure 3k) and melatonin (Figure 3l) groups. TGF-β1 immu-
norective cells in in portal areas and parenchyma of MSG gro-
up (Figure 3m) was increased compared to the control group. 
TGF-β1 immunostaining in MSG+melatonin group was similar 
to the control group (Figure 3n). The percentage of TGF-β1 im-
munoreactive cell areas was increased in MSG group compared 
to the control group (p<0.01) and decreased in MSG+melatonin 
group compared to the MSG group (p<0.01) (Figure 3o). 

Smad2 Immunohistochemistry

Only a few Smad2 immunopositive cells were observed in 
control (Figure 4a) and melatonin (Figure 4b) groups. Immu-
nopositive cells in parenchyma and portal areas were increa-
sed in MSG group (Figure 4c). Immunopositivity was similar in 
MSG+melatonin group (Figure 4d) was similar to that of cont-
rol group. The percentage of Smad2 positive areas in MSG gro-
up was significantly increased compared to the control group 
(p<0.0001) and decreased in MSG+melatonin group compared 
to the MSG group (p<0.0001) (Figure 4e). 

Smad7 Immunohistochemistry

Numerous Smad7 immunoreactive cells were observed in 
control (Figure 4f) and melatonin (Figure 4g) groups. Immuno-
positive cells were decreased in MSG group (Figure 4h) and im-
munoreactivity in MSG+melatonin group (Figure 4i) was simi-
lar to that of the control group. The percentage of Smad7 im-
munoreactve areas were significantly decreased in MSG gro-
up compared to the control group (p<0.01) and increased in 
MSG+melatonin group compared to the MSG group (p<0.01) 
(Figure 4j). 

NOX-2 Immunohistochemistry

A few NOX-2 immunopositive cells were observed in cont-
rol (Figure 4k) and melatonin (Figure 4l) groups. Immunoreac-
tive cells were increased in MSG group compared to the cont-
rol group (Figure 4m). MSG+melatonin group (Figure 4n) sho-
wed similar immunoreactivity with that of the control group. 
The percentage of NOX-2 immunoreactive areas was increased 
in MSG group compared to the control group (p<0.01) and dec-
reased in MSG+melatonin group compared to the MSG group 
(p<0.01) (Figure 4o).

Discussion

In the present study, MSG application in rats resulted in obe-
sity and increases in serum ALT and AST levels. Besides, vacu-
olization in hepatocytes, vasocongestion, increased Kupffer 
cells and inflammatory cells, and increased collagen fibers in 
MSG group were observed. These findings were supported by 
α-SMA, NF-κB, NOX-2, TGF-β1, Smad2 and Smad7 immunohis-
tochemistry results. All these parameters in the liver tissues of 
MSG+melatonin group were similar to those of the control gro-
up. 

Lee index greater than 310 is a determinant of obesity and 
in our study we observed that animals in the MSG group had 
obesity according to the Lee index. The value of Lee index in 
MSG+melatonin group was slightly higher than 310 and in cont-
rol and melatonin groups it was lower than 310. These changes 
in MSG group in the present study are in line with the previo-
us studies. In a previous study, subjects were asked to prepare 
their daily meals at home by themselves and the amount of the 
meal be the same [19]. When the subjects of whom the meals 
were added MSG and not added were compared, it was obser-
ved that MSG caused obesity independent of physical activity 
and energy amount taken. Another study investigated the ef-
fects of MSG on the fetal brain development taken in late gesta-
tional period in mice.  In the animals given MSG, weight gain ra-
tio in the postnatal 90th day was much higher compared to the 
control group [20]. Increased body fat deposition after pinea-
lectomy in rats was observed to decrease after melatonin treat-
ment; also, insulin and glucose values were returned to normal 
levels [21]. In the present study, the findings caused by MSG in-
take were reversed and returned to control levels after melato-
nin treatment. Obesity is associated with nonalcoholic fatty li-
ver disease, characterized by intrahepatic steatosis with or wit-
hout steatohepatitis and fibrosis [22]. Melatonin prevents liver 
steatosis in obesity and it is important to prevent the risk of no-
nalcoholic fatty liver disease [23-24].

It was shown that MSG application in rats for 14 days caused 
increases in AST and ALT levels [25]. It was reported that MSG 
caused hepatotoxic effect even in small doses; therefore, it was 
suggested not to use MSG in liver diseases. Studies have de-
monstrated that MSG increased serum ALT activity by inducing 

Figure 4: Smad2 immunoreactive cells (arrows) in control (a), me-
latonin (b), MSG (c), and MSG+melatonin (d) groups.(e) Percen-
tage of Smad2 immunoreactivity. ****: p<0.0001, compared to 
the control group; ++++: p<0.0001, compared to the MSG group. 
Smad7 immunoreactive cells (arrows) in control (f), melatonin (g), 
MSG (h), and MSG+melatonin (i) groups. (j) Percentage of Smad7 
immunoreactivity. **: p<0.01, compared to the control group; ++: 
p<0.01, compared to the MSG group. NOX-2 immunoreactive cells 
(arrows) in control (k), melatonin (l), MSG (m), and MSG+melatonin 
(n) groups. Percentage ofNOX-2 immunoreactivity. **: p<0.01, 
compared to the control group; ++: p<0.01, +: p<0.05, compared 
to the MSG group.
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oxidative stress [5,26]. On the other hand, serum AST, ALT, to-
tal and conjugated bilirubin levels were increased after liver in-
jury caused by CCl4 and these values significantly decreased af-
ter melatonin treatment [27]. Besides, increased AST and ALT 
levels caused by inflammation after high fat diet were signifi-
cantly decreased after melatonin treatment [28]. Similarly, in 
our study, serum AST and ALT levels were significantly increa-
sed in MSG group, and the levels have returned to control valu-
es in MSG+melatonin group. 

In a previous study it was shown that high dose MSG cau-
sed deterioration in liver morphology, central vein dilatation, 
degeneration and atrophy in hepatocytes [29]. Another study 
reported central vein dilatation, various disorders of hepatocy-
te structure, apoptosis and fibrosis in the rats fed with MSG 
[30]. MSG given to rats caused cytoplasmic vacuolization, swel-
ling of mitochondria, vesicular endoplasmic reticulum, pyknotic 
nuclei, and decrease in carbohydrate and protein deposits [7]. 
Other studies showed similar injury findings in the liver tissue 
[29,31-34]. Similarly, in our study, normal liver morphology ob-
served in control groups was deteriorated in MSG group. Hepa-
tocellular vacuolization, sinusoidal dilatation, Kupffer cell num-
ber and inflammatory foci were decreased in melatonin-treated 
group compared to the MSG group. Many studies using toxic 
agents reported the ameliorating effect of melatonin on liver 
histopathology [35,36]. This protective effect against injury was 
related to the cytoprotective and antioxidant effects and inhibi-
tion of neutrophil infiltration, necrosis and apoptosis [36].

In the present study, glycogen deposition in hepatocytes was 
significantly decreased in MSG group, and it returned to control 
levels with melatonin treatment. This decrease was reported to 
be due to enzyme modifications in glycolytic pathway [32]. Glu-
cose metabolism with MSG application was reported to chan-
ge into lipogenesis, resulting in decrease in glycogen depositi-
on [37].

Liver fibrosis develops as a response to hepatocyte injury 
and it is characterized by excessive matrix synthesis and disor-
der in matrix destruction [38]. Stellate cells were reported to 
be the main cells responsible for excess collagen production 
[38,39]. In a previous study in newborn mice with nonalcoho-
lic steatohepatitis caused by MSG injection, fibrotic hepatic pa-
renchyma and dysplastic nodules were observed [6]. Melatonin 
was reported to demonstrate its effect on fibrosis by inhibiting 
stellate cells and inflammatory cell infiltration, by preventing 
oxidative stress [40]. It was also reported that melatonin could 
inhibit oxidative stress and provide protection against hepatic 
fibrosis induced by dimethylnitrosamine [41]. In another study 
in which liver fibrosis was induced by CCl4, melatonin was de-
monstrated to protect against fibrosis by mitophagy and upre-
gulation of mitochondrial biogenesis; and it was suggested that 
it could be a useful agent in antifibrotic treatment [42]. It was 
shown in a previous study that melatonin prevented liver fib-
rosis by inhibiting TGF-β1/Smad pathway [43]. In line with the 
previous studies, in the present study, collagen deposition in li-
ver parenchyma, in portal area and around the central vein was 
observed to increase significantly in MSG group compared to 
the control group, and melatonin tratment reversed this increa-
se to the control levels.

Hepatic stellate cells differentiate into active myofibroblast 
like cells expressing α-SMA, in the presence of liver injury [44]. 
Long term activation of stellate cells causes fibrosis. Studies 
have shown that undifferentiated fetal hepatic stellate cells are 
of mesodermal origin and this finding was supported by their 

α-SMA expression [45]. Α-SMA is an actin isoform and is not fo-
und in other liver cells except smooth muscle cells around the 
vessels [46]. VEGF expression in the liver of chronic hepatitis 
C carrier patients was observed to have a positive correlation 
with α-SMA expression and the degree of fibrosis. In a study 
in which stellate cells were evaluated by α-SMA immunohistoc-
hemistry, there was paralellism between cell activation degree 
and fibrosis level [47]. Another study using thioacetamide in 
animals reported that quiescent hepatic stellate cells expressed 
vimentin and desmin but not α-SMA, and that α-SMA immuno-
reactive cells were seen only along fibrotic lesions [48]. 

It was shown in mice that phagocytosis of apoptotic bodi-
es derived from hepatocytes by stellate cells induced produc-
tion of collagen 1, TGF-β1, and NADPH Oxidase (NOX) depen-
dent superoxide [49]. NOX-2 activation and stellate cell activati-
on were reported to be directly related and it was also reported 
that there was a central enzyme in ROS mediated collagen inc-
rease. Melatonin treatment in acute liver ischemia-reperfusion 
injury provides amelioration by inhibiting inflammation, oxida-
tive stress, and apoptosis [50]. In the present study, a few pale 
stained α-SMA and NOX-2immunoreactive cells in control gro-
up were increased in number and intensely stained in MSG gro-
up. The number of reactive cells and staining intensity decrea-
sed after melatonin treatment. These findings are in line with 
the above mentioned previous studies. 

NF-κB is a transcription factor that plays a role in a num-
ber of pathological processes related to inflammation, cell in-
jury and death, as well as immune reactions [51]. Whike pro-
inflammatory cytokines such as IL-6 and TNF-α increase due to 
inflammation as a result of oxidative stress caused by MSG, the 
expression of NF-κB is also greatly increased [52]. Recent stu-
dies have shown that MSG causes systemic injury through oxi-
dative stress [5,6]. Activation of TNF-receptor 1 signal and cell 
death by oxidative stress induced by MSG was linked to DNA 
damage caused by NF-κB activation, as well as to the relation 
between oxidative stress and TNF-α [52]. Anti inflammatory ef-
fect of melatonin has been proven by many studies. It was de-
termined that pro-inflammatory cytokines such as TNF-α and 
IL-1β secreted from Kupffer cells decreased and NF-kB expressi-
on was inhibited after melatonin treatment in rats with liver fib-
rosis induced by CCL4 [53]. Also, antiinflammatory and amelio-
rating effects of melatonin on fulminant hepatitis in rabbits ca-
used by rabbit hemorrhagic disease virüs were reported [54]. 
In our study, NF-κB immunoreactive cells were observed to inc-
rease in liver tissues of MSG group and decreased in melatonin 
treated group. 

Transforming Growth Factor β (TGF-β) provides cell growth 
and has a function in formation of extracellular matrix [55]. 
Kupffer cells secrete TGF-β and PDGF, which constitute a po-
tent mitogenic factor for hepatic stellate cells [56]. In addition, 
IL-1 and TNF-α expression in Kupffer cells lead to activation of 
the NF-kB signaling pathway, which promotes the survival of he-
patic stellate cells. TGF-β binds to its receptor and then subs-
trates of the receptor, Smad2 and Smad3, are phosphorylated 
[57]. Smad6 and Smad7, which are responsible for negative re-
gulation of TGF-β, are responsible for autoinhibition of activity. 
In studies in which various plant extracts were used as thera-
peutic agents, it was determined that protection against liver 
fibrogenesis could be achieved by inhibiting Smad 2 signaling 
pathway and by increasing Smad7 activity [58,59]. In a study in 
which liver fibrosis was created by bile duct ligation, it was fo-
und that collagen synthesis and α-SMA expression decreased 
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ad-nd Smad7 expression increased [60]. It has been shown in 
previous studies that melatonin, which has been proven to have 
anti-inflammatory and fibrosis preventing effects, exerts these 
effects through inhibition of TGF-β1/Smad signaling pathway 
[61]. In another study, it was observed that oxidative stress oc-
curred in the liver as a result of CCl4 administration and the he-
patic fibrosis process began [44]. TGF-β1 and Smad2/3 immu-
noreactivity were increased and Smad7 levels were decreased 
in the injury group. It was determined that fibrosis was preven-
ted and amelioration was achieved in the group given melato-
nin. In our study, a remarkable increase was observed in TGF-β1 
and Smad2 immunoreactive cells in MSG group compared to 
the control group. Immunopositive cells were decreased in me-
latonin treated group compared to the MSG group. Smad7 im-
munohistochemistry results showed that a significant decrease 
was observed in the percentage of immunoreactive cells in the 
MSG group compared to the control and MSG+melatonin gro-
ups.

Conclusion

In the present study, it was observed that melatonin supple-
mentation in liver damage caused by MSG consumption contri-
buted to the reversal of histopathological and inflammation fin-
dings, and profibrotic parameters to normal levels. In order to 
better understand the pathophysiology of the damage caused 
by MSG and the mechanisms of protective effects of melatonin, 
we suggest that further molecular and functional studies sho-
uld be conducted.
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