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Ameliorative effects of melatonin on the liver of pregnant albino rats and their
offspring induced by monosodium glutamate
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Article history Abstract

Received: 24 Feb, 2016 | Monosodium glutamate (MSG) is one of the most widely used food additives as a
Revised: 28 Mar, 2016 | flavour enhancer but its high dose can induce toxic effects on the liver. Melatonin is a
Accepted: 31 Mar, 2016 | potent antioxidant, could ameliorate acute and chronic hepatic injury. The present
work was essentially designed to evaluate the ameliorating role of melatonin on the
liver of pregnant female Albino rats and their pups induced by MSG. In the present
research, twenty four pregnant Albino rats were divided into four groups (n=6). The
control group received saline solution, the melatonin group received 100 mg/kg b.wt,
MSG treated group received 400 mg/kg b.wt and ameliorative group received MSG
400 mg/kg b.wt simultaneously with melatonin 100 mg/kg b.wt. All groups were
received their corresponding dose from the 4" day of gestation till the end of weaning
period. The histological study of the current work revealed that MSG could induce
damage of hepatocytes with cytoplasmic vacuolation, dilation of central vein and
blood sinusoids, prominent Kupffer cells, infiltration cells around the portal area,
variable degree of fibrosis, and scattered fatty cells. Furthermore, MSG consumption is
also associated with ultrastructural alterations that varied considerably from mild
structural changes to cytoplasmic lysis and degradation of some cellular organelles.
Such alterations were represented by undifferentiated cytoplasm with dispersed
vacuoles, nuclear pyknosis, swollen and vacuolated mitochondria, manifested dilated
rough endoplasmic reticulum, remarkable aggregation of glycogen granules and fat
droplets and obvious dispersion of collagenous fibers. Supplementation of melatonin
ameliorated MSG-induced histopathological and ultrastrucural changes in liver cells.
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Introduction amino acid that is found naturally in some kinds of
foods like mushrooms, fish, meat, milk, cheese and

Monosodium glutamate (MSG) is a flavor- tomato. Recently, MSG synthesized in commercial
enhancing food additive that is used in fast foods and  commodities by bacterial fermentation (Leung and
some commercially packaged food products (Walker  Foster, 2003). MSG contains 78% of glutamic acid,
and Lupien, 2000). MSG is derived from glutamic  22% of water and sodium (Samuels, 1999). Glutamic
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acid belongs to glutamates, which are the main source of
a flavor known as umami (Kobayashi et al., 2006). The
liver is the main site for metabolism of glutamate into
lactate and the kidney plays a role in its excretion.
Furthermore, some MSG is converted into alanine in the
mucosal cells of the intestine (Garattiini, 2000).

Later studies by Geha et al. (2000) indicated that
MSG may cause symptoms such as weakness,
headaches, numbness, sweating, flushing, dizziness,
ventricular arrhythmia, neuropathy and abdominal
discomfort. It had been found that, the exposure of
neonatal rats to high doses of MSG may cause
steatohepatitis and evidence of pre-neoplastic changes in
the liver (Nakanishi et al., 2008). Recent studies
revealed that ingestion of MSG is a main cause for
increasing the relative weight of both liver and kidney.
Furthermore, MSG may elevate the level of both liver
and renal functions (Tawfik and Al-Badr, 2012).
Moreover, MSG could induce male infertility through
testicular hemorrhage, oligospermia and morphological
abnormalities of sperm cell populations (Oforofuo et al.,
1997; Onakewhor et al., 1998). Multiple necrotic,
necrobiotic and degenerative changes had been noticed
in the pancreatic cells as a result of chronic exposure to
low-dose of MSG (Falalyeyeva et al., 2012). Several
studies found that the daily dietary consumption of
glutamate varies from one race to another, where daily
oral amount ranges from 0.5 mg/kg amongst Americans
and over 3g/kg in Taiwanese diets (Zhou et al., 2003;
He et al., 2008; Shi et al., 2010).

Melatonin  (N-acetyl-5-methoxytryptamine) is a
powerful endogenous antioxidant hormone secreted from
the pineal gland. /n vitro application of melatonin leads to
a remarkable reduction in oxidative stress and
inflammation because of its ability to remove hydroxyl
radicals and cytokines (Tahan et al., 2004 & 2009). Also,
several studies revealed that melatonin has an indirect
antioxidant action by stimulating the ratios of potential
antioxidants such as glutathione peroxidase (GPx),
glutathione (GSH) and superoxide dismutase (SOD),
(Sener-Muratoglu et al., 2001; Rozov et al., 2003; Tahan
et al., 2004). Furthermore, melatonin inhibits the
proliferation of fibroblasts and collagen synthesis (Tahan
et al.,, 2004; Cruz, 2005). Recent studies revealed that
melatonin plays an essential role in the amelioration of
liver fibrosis (Hong et al., 2009; Tahan et al., 2009; Al-
abbassi, 2010). Moreover, melatonin can attenuate the
chronic and acute liver injury (Saad et al, 2013). Further,
melatonin has a protective role against haemolysis of red
blood cells (Rao et al., 2011) and prevents chemically
treated haemopoietic cell death (Salucci et al.,, 2014).
Melatonin protects the kidneys, heart and lungs from
oxidative stress (Farias et al., 2012). Also, melatonin
appears to improve renal damage (Yenilmez et al., 2010);
the cerebral damage (Jayanthi et al., 2009) and
amelioration of irradiation-induced testicular damage
(Take et al. (2009).
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The recent study was aimed to investigate the
ameliorating role of melatonin on the MSG treated liver
of female rats and their offspring.

Materials and Methods

Chemicals: MSG and melatonin were purchased from
Sigma Company in Mansoura city, Egypt.

Experimental groups

Twenty four healthy females and eight males
Albino rats (2-3 months old) were used in the present
work. Their weights ranged from 200-250 gm. They
were maintained under standard laboratory conditions
that is a well aerated room with alternating light and
dark cycles of 12 hours each and at room temperature of
25°C. All rules applying to animal safety and care were
observed. The mating was done between males and
females by the ratio 1:3. After pregnancy, the females
were separated and divided into four groups.

Group I: (control group) Include six female pregnant
Albino rats receiving daily intraperitoneal (IP)
injections of normal saline solution.

Group II: Include six female pregnant rats that were
given a daily .P dose of melatonin (100 mg /kg body
weight) diluted with 0.9% NaCl. The dose was selected
according to Tahan et al. (2010).

Group III: Included six female pregnant rats that were
given a daily oral dose of MSG (450 mg/kg. body
weight). The dose was chosen according to Diniz et al.
(2004) and Waer and Edress (2006).

Group IV: Include six female pregnant rats that were
given oral dose of MSG at the rate of 450 mg/kg body
weight) simultaneously with I.P dose of melatonin (100
mg/kg body weight).

All groups were given the corresponding dose
through the period from the 4" day of pregnancy until
the end of the weaning period (21" day of birth). The
embryos of all groups were separated at 7, 14 and 21
days, then sacrificed and rapidly dissected to obtain the
liver. Also, the mothers of all groups were sacrificed at
21™ day of birth and the liver was removed. The liver
specimens of embryos and mothers were divided into
two parts for under bright field Leitz microscope
(Essette Leitz GmbH & Co KG, Germany) and a Joel
100CXI transmission electron microscope (Musashino
3-chome; Akishima, Tokyo, Japan).

Preparation for light microscope

Liver specimens of both control and treated groups
were fixed in 10% neutral buffered formalin solution for
24-48 hours. The tissues were then dehydrated in an
ascending series of alcohol solution. After that, the
tissues were cleared by two changes of xylene for one
hour each, and finally embedded in melting paraffin



wax and prepared for sectioning under microtome. The
5-6 um thick section were obtained, stained with
haematoxylin and eosin, and other sections were
subjected to Masson's trichrome stain (Mc Manus and
Mowry, 1963) .

Preparation for electron microscopy

In our study, the transmission electron microscopic
examination was focused only on 21 days old rats and
their mothers in groups I, III and IV. The liver
specimens were cut into smaller blocks less than 1 mm?.
They were fixed for 5 hours in 5% glutraldehyde
buffered at pH 7.3 with 0.1 micron Sorensen's
phosphate buffer at 4°C. The specimens were washed in
5% sucrose of 0.1 m phosphate buffer (pH 7.3) (Hayat,
1970). The tissue was then post-fixed for 2 hours in 1%
osmium tetroxide, then washed twice for 15 minutes in
a phosphate buffer (pH 7.3), dehydrated through a
graded ethanol to propylene oxide and embedded in
Araldite. Semithin sections of 0.7-0.8 um thick were cut
with glass knives on the 6000 MT RMC
ultramicrotome, then stained with 0.25% toluidine blue
and examined by light microscope for proper
orientation. Thin sections (600-700A% were then cut
and collected on copper grids. These sections were
stained in aqueous uranyl acetate and lead citrate and
then examined and photographed in a JEOL 1200 EXIL
transmission electron microscope.

Results

Histological Observations:

Examination of liver sections stained with
Hematoxylin and eosin (H&E)

Group I (control) and Group II (melatonin): In the
control and melatonin treated groups, the liver sections
of mother rats (Fig. lA&B) and their offspring (Figs. 2-
4A&B) exhibited a normal histological architecture. The
hepatic lobules appeared regular and separated from
each other by connective tissues. Each hepatic lobule
consisted of hepatic strands radiating from a central vein
and separated by blood sinusoids. In mothers, the blood
sinusoids appeared narrower than those of the offspring.
Blood sinusoids are lined with endothelial and few
Kupffer cells. The hepatic lobules are interconnected by
the portal areas which represented by a branch of the
hepatic vein, a branch of the hepatic artery and bile
ductule. The hepatocytes are polyhedral in shape with
rounded centrally located nuclei.

Group IIT (MSG treated group): The examined liver
sections of MSG treated mothers rats (Fig.1C &C¥*)
showed excessive numbers of damaged hepatocytes that
have lost their characteristic appearance with excess
fatty degeneration spots. Moreover, inflammatory
leukocytes infiltration, activated Kupffer cells, dilated
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central vein and blood sinusoids with markedly
haemorrhage areas were recorded in several sections.

The liver sections of 7 day's old rats showed
moderate disturbances in liver architecture, including
necrotic areas, mild vacuolation, dilated blood sinusoids
and congested central vein with partially ruptured
endothelial lining and little infiltration cells (Fig.
2C&C*). In 14 days old rats, MSG exerted remarkable
effects on liver sections which were represented by
multiple necrotic and pyknotic areas, damaged
hepatocytes, and active Kupffer cells around dilated
blood sinusoids. The endothelial lining of central

Mother

Hx&E stain

Masson’s stain

Fig. 1: Photomicrographs of histological sections of liver of
mothers rats. A-B1: liver sections of control (A-Al) and
melatonin treated (B-Bl) mothers rats showing normal
histological appearance of the liver, including central vein
(CV) with intact endothelium (arrow), blood sinusoids (BS),
hepatocytes (H), and thin layer of collagenous fibers (arrow
head) around the central and portal veins. C-C1 liver sections
of MSG treated mothers rats showing dilated blood sinusoid
(DBS) with ruptured endothelium (curved arrow) and
haemorrhagic areas (star), infiltrated cells (IC) around the
portal vein (PV), active Kupffer cells (KC) and thick layer of
connective tissue fibers (arrow head) in between the hepatic
lobules and portal triad. D-D1: liver sections of MSG treated
mothers rats supplemented with melatonin showing
demonstrated restoration of normal arrangement of
hepatocytes, although dilatation in blood sinusoids (DBS).
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Fig. 2: Photomicrographs of histological sections of liver of
7 days old rats. A-B1: liver sections of control (A-Al) and
melatonin treated (B-B1) 7 days old rats showing normal
histological architecture of the liver with relatively dilated
blood sinusoids in comparing with mothers. C-C2: liver
sections of MSG treated 7 days old rats showing damaged
hepatocytes (DH), cytoplasmic vacuoles (V), dilated blood
sinusoid (DBS) with ruptured endothelium (curved arrow),
infiltrated cells (IC) in blood sinusoids and thick layer of
connective tissue fibers (arrow head) around portal triad. D-D1:
liver sections of MSG treated 7 days old rats supplemented with
melatonin  showing demonstrated restoration of normal
arrangement of hepatocytes and potal triad (PT).

vein appeared fragmented. Also, a congested portal vein
was recorded (Fig. 3C&C*). Furthermore, the liver
sections of 21 days old rats showed severe histological
alteration similar to that of mothers. Such alterations
were represented by remarkable pyknotic and necrotic
area, fatty degeneration spots, dilated blood sinusoids
with haemorrhagic areas and active Kupffer cells. The
wall of portal vein appeared fragmented and in
continuity with several blood sinusoids. (Fig. 4C&C*).

Group IV (MSG supplemented with melatonin)

In mother's rats, the liver sections showed obvious
improvement in their architecture, including normal
arrangement of hepatic strands, the intact endothelium
of central vein in spite of little cytoplasmic vacuoles
was still observed (Fig. 1D). At 7 days old rats, the liver
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14 days

Hx&E stain
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Fig. 3: Photomicrographs of histological sections of liver of
14 days old rats. A-B1: liver sections of control (A-Al) and
melatonin treated (B-B1) 14 days old rats showing normal
histological architecture of the liver. C-C1 liver sections of
MSG treated 14 days old rats showing pyknotic hepatocytes
(PH), activated Kupffer cells (KC), fatty degeneration (FD),
congested portal triad (PT in C*) and relatively thick layer of
branched collagenous fibers (arrow heads) around the portal
triad. D-D1: liver sections of MSG treated 14 days old rats
supplemented with melatonin showing demonstrated amelioration
of normal arrangement of hepatocytes and portal triad (PT) in
spite of few vacuoles still persist around the portal vein.

sections showed preserved architecture with mild
vacuolation of hepatocytes and slightly congested portal
area (Fig. 2D). In the 14 days old rats, the liver sections
revealed a remarkable preservation of liver structures
with mild dilation of blood sinusoids and little
vacuolation still persisted but the portal triad appeared
regular (Fig. 3D&D*). In 21 days old rats, the degree of
amelioration was better than in the other two groups of
ages in offspring where the liver sections exhibited
normal hepatocytes with regular vascular areas (Fig. 4D).

Examination of liver sections stained with Masson’s
trichromate

In control and melatonin treated groups, the liver
sections of mother's rats (Fig. Al&BIl) and their
offspring (Fig. 2-4 A1&B1) showed normal distribution



21 days

Hx&E stain

Fig. 4: Photomicrographs of histological sections of liver of
21 days old rats. A-B1: Liver sections of control (A-Al) and
melatonin treated (B-B1) 21 days old rats showing normal
histological structure of the liver. C-C2: Liver sections of
MSG treated 21days old rats showing pyknotic hepatocytes
(PH), activated Kupffer cells (KC), fatty degeneration (FD),
congested blood sinusoids (star) and thick layer of branched
collagenous fibers (arrow heads) around the portal vein and
between the hepatic lobules. D-D1: liver sections of MSG
treated 21days old rats supplemented with melatonin showing
marked amelioration of the normal arrangement of
hepatocytes and central vein (CV).

of thin layer of collagenous fibers around the central
vein and portal areas. The fibrous connective tissue was
not found in or around the hepatic lobules.

In MSG treated group, the liver sections of mothers
rats exhibited a marked increase of connective tissue
fibers in the portal area as well as around the hepatic
lobules (Fig. 1 C1&C2). On the other side, the liver
sections of 7 days old rats (Fig. 2 C1) and 14 days old
rats (Fig. 3 C1&C2) showed a moderate distribution of
collagenous fibers around the portal area. Furthermore,
the liver sections of 21 days old rats exhibited severe
fibrotic areas around the portal triads and in-between
hepatic lobules (Fig. 4 C1&C2).

In MSG and melatonin supplemented group the
degree of liver fibrosis was markedly reduced in
variable levels among the mothers and their studied
ages. In the mother rats (Fig. 1D1) and their 21 days old
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Mother

Fig. 5: TEM through the liver cells of mother rats. A-B:
Control liver cells showing rounded or oval nucleus (N), high
density of oval or rounded mitochondria (M), regular rough
endoplasmic reticulum (RER), and regular microvilli (MV) of
bile canaliculus.C-D:MSG treated liver cells showing
pyknotic nuclei(arrow), cytoplasmic vacuoles (V),vacuolated
mitochondria (VM), dilated rough endoplasmic reticulum
(arrow head),scattered lipid droplets(LD) and collagenous
fibers (CF). E-F: MSG treated liver cells supplemented with
melatonin showing obvious amelioration of fine structure of
hepatocytes.

offspring (Fig. 4 D1), the liver sections exhibited mild
fibrotic areas around the portal vein. On the other side,
the liver sections of 7 days old rats (Fig. 2 D1) and 14
days old rats (Fig. 3 D1) showed a thin layer of
collagenous fibers around the portal area which more or
less similar to the control group.

Ultrastructural observations
in group I (control group):

TEM examination of the control liver of mother rats
(Fig. 5 A&B) and 21 days old rats (Fig. 6 A&B)
revealed that each hepatocyte exhibits a round or oval,
centrally located nucleus enclosed by regular double
membrane interrupted by nuclear pores; the nucleus
possessed light euchromatin and dark heterochromatin.
The cytoplasm of the hepatocytes displayed high



21 days

Fig. 6: TEM through the liver cells of 21 days old rats. A-
B: Control liver cells showing rounded nucleus (N), few oval
or rounded mitochondria (M), distinctive rough endoplasmic
reticulum (RER), few glycogen granules (G), C-D: MSG
treated liver cells showing pyknotic nuclei (arrow),
cytoplasmic vacuoles (V), vacuolated mitochondria (VM),
dilated rough endoplasmic reticulum (arrow head), scattered
lipid droplets (LD) and collagenous fibers (CF), Kupffer cells
with narrow space of His (SH). E-F: MSG treated liver cells
supplemented with melatonin showing obvious amelioration
of fine structure of hepatocytes in spite of few cytoplasmic
vacuoles still persist.

density of mitochondria, scarce lysosomes, distinctive
rough endoplasmic reticulum, and few dispersed
glycogen granules.

Group III (MSG treated group)

TEM examination of the liver cells of group III
revealed remarkable ultrastructural alterations that
varied considerably from mild structural changes to
cytoplasmic lysis and signs for disintegration of some
cellular organelles. In MSG treated mother's rats
dispersed fibrotic areas were appeared. The microvilli of
bile canaliculi appeared fragmented. Active Kupffer
cells were obviously noticed around the area of blood
sinusoids. The cytoplasm of liver cells appeared
undifferentiated with dispersed vacuoles and increased
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aggregation of glycogen granules and fat droplets.
Moreover, elongated electron dense mitochondria,
dilated rough endoplasmic reticulum were obviously
observed. Also severe pyknotic nuclei with irregular
nuclear membrane were also recorded in several hepatic
cells (Fig. 5 C&D). In 21 days old rats, the nuclei of
some hepatocytes showed pyknosis, other nuclei were
round or ovoid with peripheral heterochromatin. Some
mitochondria appeared swollen and vacuolated with
degenerated cristae. Moreover, manifested dilated
endoplasmic reticulum, remarkable fat droplets,
vacuolation and active Kupffer cells were also noticed
(Fig. 6 C&D).

Group IV (MSG supplemented with melatonin):

TEM examination of liver of group IV revealed
obvious amelioration of hepatocytes. The degree of
improvement was more obvious in the liver cells of the
offspring rather than their mothers. The liver cells of
mother's rats showed a high density of normal
mitochondria with their regular pattern of cristea. The
rough endoplasmic reticulum almost maintained their
normal appearance. The distribution of glycogen
granules and fatty droplets appeared homogenous,
although some hepatocytes still have few vacuoles. The
nuclei appeared oval with normal chromatin in spite of
mild pyknosis still persist in few nuclei. Also, few
Kuffer cells were noticed (Fig. SE&F). Moreover, at 21
days old rats the hepatocyte manifested homogenate
cytoplasm with normal distribution of glycogen
granules and lipid droplets. The mitochondria appeared
normal with regular cristea in spite of few mitochondria
still swollen in some areas. The rough endoplasmic
reticulum appeared regular with normal spaces between
their tubes. The nuclei appeared oval or rounded with
uniform distribution of chromatin and prominent
nucleoli (Fig. 6 E&F).

Discussion

Recently MSG gained popularity as a taste
enhancer but at the same time doubts were increased
about MSG as a causative agent of Chinese restaurant
syndrome (Neurotoxic effects on brain, obesity and
metabolic defects). A great danger is hidden in an
increased use of MSG (Bojani¢ et al.,, 2009). Many
studies have indicated that the application of high doses
of MSG to experimental animals may cause lesions of
neural structures, the retina, and a series of neuro-
endocrine disorders, infertility and fatty liver. MSG was
shown to penetrate the placental barrier and to distribute
to embryonic tissues (Frieder and Grimm, 1984; Yu et
al., 1997). The results of the present work revealed that
oral administration of MSG to the pregnant and
lactating mother rats causes multiple changes in the
histological structure of the liver for both mothers and



their offspring, such observations were in accordance
with Frieder and Grimm (1984) and Yu et al. (1997).
Our results indicated that the degree of liver
histopathology induced by MSG depends upon the time
of exposure.  Accordingly, the degree of liver
histological alterations was mild for a one week old rats
in comparing with the other higher ages. Moreover, for
one week and two weeks old rats, such histological
alterations were ranged between necrotic areas,
vacuolation, dilated and congested central vein with
partially ruptured endothelial lining and damaged
hepatocytes as well as active Kupffer cells. Our
observations go parallel with the findings of Eweka et
al. (2011) who reported disruption of liver architecture
and evidence of hepatocyte degradation and
hypertrophy as a response of oral MSG in rat offspring.
They also noted mild haemolysed RBCs in central vein
and haemorrhagic necrosis in centrilobular is similar to
ours. Furthermore, Bhattacharya et al. (2011) found that
exposure of neo-natal Albino mice to MSG leads to
disruption of cell membranes of hepatocytes, dilation of
portal vein and blood sinusoids and activation of
Kupffer cells. Moreover, the present study revealed that
in 21 days old rats and their mothers, severe
histopathological changes were noticed in most of liver
sections. Such changes were represented by excessive
damaged hepatocytes with excess fatty degeneration
spots and glycogen accumulation. Moreover,
inflammatory leukocyte infiltration, activated Kupffer
cells, dilated central vein and blood sinusoids were
markedly recorded. These results were accordance with
those reported by Diniz et al. (2004) who found that
administration of MSG was associated with oxidative
stress in hepatic tissues, leading to increased glycogen
content of liver cells as a result of hyperglycemia and
hyperinsulinemia. Malik and Ahluwalia (1994) reported
that subcutaneous administration of MSG to adult mice
(dose level over 4 mg/g b.wt.) caused a significant
increase in the content of liver glycogen, total lipids,
phospholipids, free fatty acids and triglycerides.
Furthermore, the results concerning disturbed liver
structure go parallel with the findings of Waer and
Edress (2006) who revealed that MSG treated rats
showed remarkable alterations in the liver histological
architecture; haemorrhage in central veins, areas of
necrosis, vaculation and increased inflammatory cells
infiltration.

Melatonin is a secretory product of the pineal gland
is a powerful endogenous antioxidant. Exogenous
application of this melatonin leads to a remarkable
decline in oxidative stress and inflammation because of
its ability to scavenge hydroxyl radicals and cytokines
(Tahan et al., 2004, 2009). The results of the present
work revealed that, supplementation of melatonin in
mother's rats can improve the deleterious effects of
MSG on the liver architecture. The degree of hepato-
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protective effects of melatonin was more obvious in the
21 days old rats and their mothers than in 7 and 14 days
old rats. This observation may be due to the cumulative
effect of melatonin from the beginning of pregnancy till
the end of weaning period. Such ameliorations were
represented by preserving liver architecture with mild
vacuolation of hepatocytes and slightly congested
central vein in 7 days old rats and a remarkable
preservation of liver structures with mild dilation of
blood sinusoids and little vacuolation in 14 days old
rats. In 21 days old rats and their mothers, a remarkable
arrangement of hepatic strands and portal areas were
recorded in examined liver sections in spite of little
vacuolation and few dispersed glycogen granules and
fatty droplets were noticed in some area. Saad et al.
(2013) found that melatonin can reduce the liver injury
of rats through inhibition of oxidative stress and
activation of antioxidants.

The present study revealed that MSG caused liver
fibrosis by accumulation of collagenous fibers around
the portal area and among hepatocytes. The density of
collagenous fibers was highly remarkable in the liver
sections of 21days old rats and their mothers than in 7
days and 14 days old rats. Such observation goes
parallel with finding of Waer and Edress (2006) who
was reported that the degree of liver fibrosis induced by
MSG depends upon the dose and cumulative effect by
increased the time of exposure. Many studies revealed
that, taurine (derivative of the amino acid cysteine,
obtained from the bile of animals) can inhibit the
cellular disorders by decreasing the oxidative stress and
had a protective role against substances that induce liver
fibrosis (Wingenfeld et al., 1996; You and Chang, 1998;
Hardikar et al., 2001; Waer and Edress, 2006).
Furthermore, Messina and Dawson (2000) mentioned
that, MSG could be decreased the taurine level and
consequently induce the accumulation of collagen fibers
in the liver cells (Chen et al., 1999).

In the recent study, administration of melatonin
ameliorated the fibrotic effects induced by MSG. The
results of the present work were in line with that of
Tahan et al. (2010) who found that melatonin
ameliorates liver fibrosis induced by bile-duct ligation
in rats via the mechanism involving a decrease of pro-
inflammatory cytokines (IL-1p, IL-6 and TNF-a) levels.
Several studies suggested that melatonin has either a
regulatory role in maintaining collagen levels or an
inhibitory role in collagen accumulation by inhibition of
oxidative stress (Cunnane et al., 1979; Drobnik and
Dabrowski, 1996; Tahan et al., 2004).

In the present work, the TEM study revealed that in
MSG treated group, a remarkable cellular alterations
were appeared, and such alterations were varied from
mild structural alterations to cytoplasmic lysis and
disruption of cellular organelles. In 21 days old rats, the
recorded alterations were represented by nuclear



pyknosis, swollen mitochondria with degenerated
cristae, dilated rough endoplasmic reticulum,
remarkable fat droplets and cytoplasmic vacuolation.
Similar results were found in the liver of Albino rats
that received MSG for 8 weeks (ElAgouza et al., 2010).
Furthermore, the same ultrastructural changes were
recorded in the liver cells of MSG treated mothers in
addition to obvious dispersed fibrotic areas, fragmented
microvilli of bile canaliculi and increased aggregation of
glycogen granules. Mohareb and Hamza (2001) found
that MSG caused nuclear pyknosis, tissue necrosis and
fibrosis, disruption of plasma membranes and swelling
of most cell organelles followed by their fragmentation.
Many studies evaluated that melatonin can reduce the
cellular disorders of liver by decreasing the oxidative
stress, and had a protective effect against drugs that
induce harmful cellular alterations (Pal and Chatteriee,
2006; Koksal et al., 2012).

Conclusion

Based on our findings, consumption of MSG
during pregnancy and weaning period leads to various
degrees of liver injury for mothers and their offspring.
Melatonin could be a potential therapeutic agent against
chronic and acute liver injuries induced by MSG. Also
melatonin could be a powerful agent for the treatment
of fibrotic liver diseases.
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