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ABSTRACT

Mono sodium glutamate (MSG) is commonly marketed as a flavor enhancer and
is used as a food additive. The present study was carried out to study the effect of
MSG at two oral low doses of 0.6 and 1.6 mg/g body weight on liver functions during
feeding period (2 weeks) in albino rats and to investigate the effect of oral
administration of N-acetylcysteine on hepatotoxicity induced to rats by (MSG). six
groups as follows; group 1: control; group 2: received oral 0.6 mg/g body weight of
MSG, group 3: received oral 1.6 mg/g b. wt of MSG, group 4: received oral N-
acetylcysteine in a dose of 200 mg/kg b. wt. group 5: received oral 0.6 mg/g b. wt of
MSG plus 200 mg/g body weight N-acetylcysteine and group 6: received oral gavage
of 1.6 mg/g b. wt of MSG plus 200 mg/g b.wt N-acetylcysteine on a daily basis. The
rats were sacrificed on the fifteenth day of the experiment. Measuring serum levels of
aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alkaline
phosphatase (ALP); albumin, total protein, total bilirubin, lactate dehydrogenase
(LDH) enzyme and glutathione reductase (GR) was done. Histopathological
examination of liver was performed. Many biochemical changes of statistically
significance change were obvious. Inflammatory cells infiltrated, apoptotic bodies,
necro-inflammatory foci were observed. The results suggested that N-acetylcysteine
had potent hepatoprotective and antioxidant effects in MSG - hepatotoxic rats.

KEYWORDS: MSG, Lactate dehydrogenase (LDH); Glutathione reductase
(GR); Histopathology; Liver; N-acetylcysteine.

INTRODUCTION

Monosodium Glutamate (MSG) is
sodium salt of non-essential naturally
occurring L-form of glutamic acid. It is
a white crystalline powder in its pure
form (Furst & Stehle, 2004). It
contains 78% of glutamic acid, 22% of
sodium and water (Samuels, 1999).

Ajinomoto,  Vestine,  Ac,cent
tasting powder (Beyreuther et al.,
2007), A-one and vedan, , are

commonly marketed trade names of
MSG (Obaseiki-Ebor et al., 2003).

As a flavor enhancer, MSG is
commonly marketed and is used as a

food additive especially in Asian dishes
and West African (Farombi &
Onyema, 2006).

On food labels, MSG is described
and listed as a “Flavouring” or
“Hydrolysed vegetable protein”. It
positively influences appetite and
induces weight gain through its
stimulation of the Orosensory receptors
and improving the palatability of meals
(Moore, 1999).

Unlike other four basic flavor
sensations, the flavor sensation of MSG
is often described as “meaty” and has
been given the name “umami (Berkes,
& Wossner, 2003).
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Glutamate, when bound to proteins, trauma, neuropathic pain,
is tasteless. When free glutamate schizophrenia  anxiety, depression,
dissociates from proteins; during the Parkinson’s  disease,  Alzheimer’s

processes of fermentation, ripening and
cooking, the sweet umami taste and
flavor becomes perceptible. Large
quantity of glutamate are present in
cheese, mushrooms and tomatoes and
thus used to enrich the flavor and taste
of foods (Oyetunji, 2013).

Commercially MSG is produced by
molasses fermentation and it is used in
home cooking, restaurants and for
industrial food production (Farombi &
Onyema, 2006).

It (MSG) is excitotoxin food
additive which can generate numerous
amounts of free radicals that can
destroy neurons, other tissues and
organs (liver and red blood cells). A 4-
hydroxynonenal is produced during
lipid peroxidation which inhibits
glutamate transporter, with glutamate
accumulation in the brain (Freeman,
2006).

The natural glutamic acid in food is
not harmful, while the synthetic free
glutamic acid is toxic (Geha et al.,
1998). Although MSG has been
classified by FDA that’s generally
recognized as safe, its use remains
controversy (Ortiz et al., 2006).

One of the possible adverse effects
of MSG is Chinese restaurant
syndrome which is characterized by
headache, flushing, numbness, muscle
tightness, generalized weakness and
bronchoconstriction in  asthmatics
(Cortese & Phan, 2005). In high
doses, MSG can produce
neuroendocrine abnormalities, neuronal
degeneration (Moreno et al., 2005) and
oxidative damage in different organs
(Farombi & Onyema, 2006),
(Pavlovic et al., 2007). Also, retinal
degeneration, stroke, epilepsy, brain

disease, Huntington’s disease and
amyotrophic lateral sclerosis are
reported (Samuels, 1999). Others are
reduction of the reproductive ability in
female and male mice (Mozes &
Sefcikova, 2000).

N-acetylcysteine (NAC) is a well-
known thiolic antioxidant. It can act
through several mechanisms against
cellular degeneration (Euteum et al.,
2014).

Considering the discrepancies in
the literature and the growing safety
concern for the use of MSG, there is
need for further studies on this food
additive. So, the current study was
conducted to investigate if MSG intake
at a low dose could be toxic on selected
hepatocellular functions of male albino
rats and to evaluate the role of NAC in
MSG hepatotoxicity.

MATERIALS & METHODS
Animals:

Thirty six adult male albino rats
with average weight of 200-220 g were
obtained from Minia University Animal
Care Center.

Chemicals:

MSG was purchased from Morgan
Company for Chemical Industry (Tenth
of Ramadan City- Egypt). N-
acetylcysteine was obtained from
Sigma-Aldrich  Chemicals Co. (St.
Louis, MO, USA). All chemical
reagents were of analytical grades and
purchased from Sigma Chemical Co.
(St. Louis, MO, USA).

Experimental protocol

Thirty six adult male albino rats of
weighting 200-220 g were housed in
plastic cages (six rats/cage) with wood
shavings. Rats were kept in a
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temperature-controlled room at
24+1°C, 50% humidity and 12hrs /12
hrs. light/ dark cycle. Rats were
adapted to the environment for one
week prior to the start of experiment.
Animals were fed on rat pellets and
water was provided ad libitum during
experimental period (14 days). The rats
were randomly distributed into six
equal groups of six rats each as
follows:

Group 1 (Control): Rats were fed
on the basal diet and water was
provided ad libitum.

Group 2: Rats were fed on the
basal diet and received oral gavage of
0.6 mg/g body weight of MSG on a
daily basis, to induce hepatotoxicity.

Group 3: Rats were fed on the
basal diet and received oral gavage of
1.6 mg/g body weight of MSG on a
daily basis, to induce hepatotoxicity.

Group 4: Rats were fed on the
basal diet and received oral gavage of
NAC in a dose of 200 mg/kg body
weight.

Group 5: Rats were fed on the
basal diet and received oral gavage of
0.6 mg/g body weight of MSG plus 200
mg/g body weight NAC on a daily
basis;

Group 6: Rats were fed on the
basal diet and received oral gavage of
1.6 mg/g body weight of MSG plus 200
mg/g body weight NAC on a daily
basis;

The rats were sacrificed on the
fifteenth day of the experiment. The
choice of MSG doses was based on
previous reported studies
(Manivasagan and Subramanian,
2004).

Blood Collection and Separation

At the end of the experimental
period, the rats were fasted overnight.
On the morning of the next day the rats

were anesthetized by general volatile
anesthesia using ether. After induction
of mild anesthesia (avoidance of strong
deep anaesthesia to maintain regular
and strong heart beats to get enough
amount of blood), the rat was rapidly
pulled out and blood was collected. The
animals were then fixed on a dissecting
plate, dissected under complete aseptic
conditions. Blood samples were
withdrawn by capillary microtubes
(Micro Hematocrite Capillaries,
Mucaps) from the retro-orbital plexuses
of veins in inner canthus of the eye into
plain tube with gel. The blood samples
were centrifuged at 3000 rpm for 15
minutes. Serum samples were separated
and frozen at -80 °C until used for the
biochemical analysis. After
decapitation of the rats, the liver was
removed by careful dissection and
blotted free of adhering blood
immediately after sacrificing the rats
for histological study.

Serum Biochemical Analysis

Biochemical  measurement  of
serum levels of liver enzymes;
aspartate  aminotransferase  (AST),
alanine aminotransferase (ALT) and
alkaline phosphatase (ALP); albumin,
total protein, total bilirubin, lactate
dehydrogenase (LDH) enzyme was
performed using spectrophotometric
techniques (Dimension Vista system,
Siemens Healthcare Diagnostics Inc.,
USA).

Estimation of Serum Oxidative
Stress Markers (Glutathione
Reductase) (GR):

Tests of antioxidant enzyme were
performed using enzyme-linked
Immunosorbent assay (ELISA)
technique (Microplate reader, Biotech,
USA). Glutathione reductase enzyme
activity was determined according to
the method described by Carlberg and
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Mannervik, (1985).
Histopathological study

All animals were sacrificed on the
day 15" of the experiment and the liver
from the six groups were rapidly
excised, cut into small pieces and
dropped in formalin in which they were
kept for appropriate time. After
fixation, they were subjected to the
usual procedure for paraffin
embedding. Sections were cut at the
thickness of 5 microns and stained with
Haematoxyline-Eosin and Periodic acid
Schiff reaction (PAS) and then tissue
sections were investigated using light
microscope according to Drury and
Wallington, (1980).
Statistical Analysis

The collected data was organized
and tabulated. Data were expressed as
means = standard deviation (SD).
Statistical analysis of variance between
mean values of different groups was
performed using Kruskal-Wallis test
followed by the Mann-Whitney test to
determine the variance between all rat
groups. Differences were considered
significant at P<0.05. Statistical
analysis was done using computerized
SPSS program (Statistical Package for
the Social Sciences, version 16).

RESULTS

e Biochemical changes

Effect of N-acetylcysteine on
serum liver enzymes AST, ALT and
ALP in hepatotoxic rats induced by
MSG is recorded in Table 1 and is
shown in Figs.1, 2 and 3.

It was obvious from table 1 and
figs. 1, 2 and 3 of group 2 rats (orally
fed 0.6 mg/g b.wt. MSG) showed
significant statistical (p<0.05) increase
in serum levels of AST and ALT as
compared to the control group,
meanwhile, serum level of ALP

enzyme showed no significant change
when compared to the control group.
Concerning group 3 rats (orally given
1.6 mg/lg bwt MSG), significant
statistical (p<0.05) increase was
elicited in serum levels of AST, ALT
and ALP enzymes in comparison to the
control group. There were no
significant changes in serum levels of
AST, ALT and ALP enzymes in group
4 rats (orally given 200 mg/g b.wit.
NAC) when compared to the control
group. Groups 5 and 6 rats (orally
treated with 0.6 mg/g and 1.6 mg/g
b.wt. MSG respectively and co-
administred with 200 mg/g b.wt. NAC)
afforded significant (p<0.05) statistical
decreased in levels of serum AST and
ALT enzymes as compared to groups 2
and 3. As regards serum ALP enzyme
levels, there were no significant change
in groups 5 and 6 when compared to
groups 2 and 3.

Effect of N-acetylcysteine on
serum LDH, ALB, TP, and TBIL in
hepatotoxic rats induced by MSG is
recorded in Table 2 and shown in
Figs. 4,5,6,7.

As seen in table 2 and figs. 4, 5, 6
and 7, the oral administration of MSG
at dose of 0.6 mg/g b.wt. to rats after
feeding period of 2 weeks (group 2)
showed no significant change in serum
LDH as compared to the control group.
There were significant  (p<0.05)
statistical decreases in serum ALB and
TP levels of group 2 when compared to
the control group. Serum TBIL showed
a significant statistical (p<0.05)
increase in group 2 when compared to
the control group. The results revealed
that oral administration of MSG at dose
1.6 mg/g b. wt. to rats for feeding
period of 2 weeks (group 3) showed
significant statistical (p<0.05) increase
in serum LDH and TBIL in comparison
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with the control group. Moreover, there
were significant statistical decrease
(p<0.05) in serum levels of ALB and
TP when compared to the control
group. No significant changes were
elicited in serum levels of LDH, ALB,
TP and TBIL in rats orally given 200
mg/g b.wt. NAC, when compared to
the control group. Administration of
0.6 mg/g b. wt. of MSG plus 200 mg/g
b. wt. NAC (group 5) showed no
significant change in serum LDH
compared to the group 2. Conversely,
there  were significant  (p<0.05)
increases in serum ALB and TP in
group 5 when compared to group 2.
Serum TBIL showed a significant
(p<0.05) decrease in rats of group 5
when compared to group 2. Regarding
serum ALB and TP levels, there were
no significant change in group 6 (rats
orally given 1.6 mg/g b. wt. of MSG
plus 200 mg/g b. wt. NAC compared to
group 3. Meanwhile, there were
significant (p<0.05) decreases in serum
LDH and TBIL in rats of group 6 when
compared to group 3.

The effect of N-acetylcysteine on
serum GR in hepatotoxic rats
induced by MSG is recorded in table
3 and shown in fig. 8.

Significant statistical decreases
(p<0.05) in serum GR enzyme in
groups 2 and 3 (rats orally administered
of MSG at two dosage 0.6 and 1.6 mg/g
b wt.), after feeding period of 2 weeks,
in comparison with the control group.
No significant statistical changes were
observed in serum GR enzyme in rats
orally given NAC in a dose of 200
mg/kg b.wt. when compared to the
control group. It was clear that, there
were significant statistical (p<0.05)

increase in serum GR enzyme levels in
groups 5 and 6 as compared to groups 2
and 3 rats.

e Histopathological changes

Light microscopic examination of
the liver section of group 1 rats
(control) and group 4 rats (orally given
200 mg/gm b.wt. NAC) showed normal
liver architecture of hepatic lobule
without any histopathological changes.
Irregular interconnecting sheets
radiated outwards from the central vein
(fig. 9). In rats of group 2 congested
central vein with infiltration of
inflammatory cells through the hepatic
lobules and within portal tract were
elicited. Apoptotic bodies (the hepatic
cells are swollen with degeneration of
the nuclei with prominent nucleoli) was
also elicited (fig. 10). Necro-
inflammatory foci were revealed within
the hepatic lobule in group 3 rats.
Necrosis of hepatic cells with
infiltration of inflammatory cells
through the hepatic lobules and portal
tract (portal triaditis) as shown in (fig.
11). Administration of NAC to
0.6mg/gm MSG in Group 5 rats was
associated with mild inflammatory cells
infiltration through the hepatic lobules
with few apoptotic bodies and absence
of central vein congestion as shown in
(fig. 12). Meanwhile, administration of
NAC to 1.6mg/gm MSG in group 6 rats
showed infiltration of inflammatory
cells through the hepatic lobules and
within  portal tract, central vein
congestion and some apoptotic bodies
with absence of necrotic areas as shown
in (fig.13).
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Table (1): Mean values of serum (AST), (ALT) and (ALP) enzymes of different
groups of rats after using two doses of monosodium glutamate (0.6 mg/g & 1.6

mg/qg rat) and N-acetylcysteine for 2 weeks expressed as (mean + SD).
Groups AST ALT ALP
(un n n

1. Control 161.57+ 6.90¢ | 55.40+ 5.01¢ | 153.50+ 6.95°
2. MSG1 (0.6 mg/g) 192.00+ 2.00° | 64.00+ 3.10° | 170.50+ 1.512P
3. MSG2 (1.6 mg/g) 213.50+ 0.60% | 73.33+ 1.53? | 198.50+ 2.36?
4. NAC 164.00+ 5.90¢ | 55.00+ 3.02¢ | 151.66+ 4.94°
5. NAC+ MSGL1 (0.6 mg/g) 169.31+ 8.30%¢ | 58.00+ 1.10° | 164.50+ 2.432P
6. NAC + MSG2 (1.6 mg/g) 177.40+ 5.50° | 64.00+ 1.00° | 176.00+ 14.722P

(AST)Aspartate aminotransferase, (ALT) alanine aminotransferase, (ALP) alkaline phosphatase
enzymes, U/l=unit /liter- Control: fed on control diet, MSG1.: received 0.6 mg/g b.wt. MSG, MSG2:
received 1.6 mg/g b.wt. MSG, NAC: received 200 mg/kg b.wt. NAC, NAC+ MSG1: administrated
of NAC (200 mg/kg b.wt.)+ MSG (0.6 mg/g b.wt.), NAC + MSG2: administrated of NAC (200
mg/kg b.wt.)+ MSG (1.6 mg/g b.wt.). Values with different superscript letters within a column are
significantly different at p<0.05, while those with similar or partially similar are non-significant. P
value calculated using Kruskal-Wallis test followed by the Mann-Whitney test.

Table (2): Mean values of serum LDH, ALB, TP and total bilirubin TBIL of

different groups of rats after using two doses of monosodium glutamate (0.6 mg/g
& 1.6 mg/g rat) and N-acetylcysteine for 2 weeks expressed as (mean + SD).

Groups LDH ALB TP TBIL
(U (g/l) (g/l) (nmol/l)
1. Control 2649.65+ 12.02° | 12.50+ 0.50° | 73.00+5.00% | 1.17+ 0.02°
2. MSG1 2812.09+ 29.66° | 10.86+ 0.32° | 64.50+ 0.50° | 2.34+ 0.11°
3. MSG2 3708.01+ 46.19% | 10.20+ 0.26° | 61.50+ 0.50° | 2.51+ 0.05?
4. NAC (200 mg/g) | 2667.09+ 27.59° | 12.66% 0.57° | 73.00+ 3.00° | 1.18+ 0.02¢
5. NAC+ MSG1 2770.65+ 37.90° | 11.86+ 0.32% | 71.00+ 1.00* | 2.01+ 0.05P
6. NAC + MSG2 3413.32+ 67.96° | 10.86+ 0.32° |67.33+ 1.15%0 | 2.17+ 0.2

(LDH) serum lactate dehydrogenase, (ALB) albumin, (TP) total protein and (TBIL) total bilirubin.
Group distribution is the same as above in table (1). Values with different superscript letters within a
column are significantly different at p<0.05, while those with similar or partially similar are non-
significant. P value calculated using Kruskal-Wallis test followed by the Mann-Whitney test.
Table (3): Mean values of serum antioxidant enzyme Glutathione reductase (GR) of
different groups of rats after using two doses of monosodium glutamate (0.6 mg/g
& 1.6 mg/g rat) and N-acetylcysteine for 2 weeks expressed as (mean + SD).

Groups GR (U/ml)
Control 79.86+1.142
1. MSG1 (0.6 mg/g) 62.47£1.40°
2. MSG2 (1.6 mg/g) 57.66+0.249
3.NAC 81.04+1.012
4. NAC+ MSGL1 (0.6 mg/g) 72.97+1.11°
5. NAC + MSG2 (1.6 mg/g) 67.11+0.92°

Group distribution is the same as above in table (1). Values with different superscript letters
within a column are significantly different at p<0.05, while those with similar or partially similar are
non-significant. P value calculated using Kruskal-Wallis test followed by the Mann-Whitney test.
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Figure (4): Serum lactate dehydrogenase
(LDH), activities in all investigated
groups.

Figure (3): Serum alkaline phosphtase
(ALP), activities in all investigated
groups.
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Figure (7): Serum total bilirubin (T.BIL),

activities in all investigated groups.

Figure (8): Serum glutathione reductase
(GR), activities in all investigated groups.
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Figure (9: phocrah of grou (1) rats éhowig nrml Ive() 200.

Irregular interconnecting sheets radiated outwards from the central vein and

constituted the parenchyma of the lobule.
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Figure (10): Photomicrograph of liver of grop (2) rats shows congested cetral vein.

infiltrated with inflammatory cells. Severe portal tract inflammation.

Hepatic cells

Apoptotic bodies (the hepatic cells are swollen with degeneration of the nuclei

with prominent nucleoli) (H&E) x 200.
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Flgue (11) Photomlcrograph of liver of group (3) shows ncro mIammatory foci
with infiltration of inflammatory cells through the hepatic lobules. The portal tract
showed inflammation (portal triaditis).

Figure (12) Photomlcrograp of I|verof group (5) shows m|Id mflammatory ceIIs
infiltration with few apoptotic bodies and absence of central vein congestion.
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Flgure (13) Photomlcrograh of liver of group (6) shows |nf|Itrat|on of mflammatory
cells through the hepatic lobules and within portal tract, central vein congestion
and some apoptotic bodies with absence of necrotic areas.

DISCUSSION

MSG is widely used as a flavor
enhancer in many of the processed
foods and drinks (Rundlett and
Armstrong, 1994). At the time of
discovery, MSG was thought to be safe
since it was a natural substance (an
amino acid). Recently considerable
attention has been focused on its
unusual side effects (Reis et al., 2009;
Beas-Zarate et al., 2002).

The current study revealed
significant elevation of liver enzymes
ALT, AST (in the groups 2 and 3) and
ALP (in group 3) in comparison with
control group. These results indicate
that consumption of MSG even at a low
concentration may lead to liver cell
damage. These findings were in
agreement with Hosam et al., (2012)
who reported that statistical significant
increase of liver enzymes activities
values such as ALT, AST and ALP in
the group which received MSG alone
in comparison with control group.
Also, these results seemingly agree
with (Farombi and Onyema, 2006 ;
Onyema et al. 2006) studies who

report that the increase serum ALT in
male rats which were fed MSG is
probably due to MSG induced
oxidative stress in the liver.

The enzyme ALT is localized to
cytosol of hepatocytes alone with high
specificity and it is increased after
hepatic cellular injury (Sherlock,
1997). The ALT enzyme is a sensitive
marker of liver damage (Al-Mamary
et al., 2002). When its level within
limits, it is indicative of hepatocellular
damage and that can therefore provide
quantitative assessment of the degree of
damage sustained by the liver (Aniagu
et al., 2004). The metabolism of amino
acids and their derivatives occur to a
significant extend in the liver (Mayes
and Bender, 2003) and essentially
involves deamination to produce
ammonium ion NH4+ that could be
toxic unless detoxified via urea cycle
reactions. The sodium moiety of MSG
could dissociate easily to release free
glutamate. Thus, the possible NH4+
overload that may occur as a result of
an increased level of glutamate
following MSG intake could damage
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the liver, consequently releasing the
ALT enzyme that may lead to its
observed elevation.

The rise of AST level in the serum
can be reflective of probably MSG-
induced damage to the liver and other
organs with high metabolic activity
including the brain, heart and lungs as
previously reported by (Egbuonu et
al., 2010), since AST enzyme is
contrary to ALT enzyme is not a
specific marker in organ damage.

Elevation of serum ALP can be an
indicator of cholestasis or
hepatocellulas damage. Pincus and
Abraham, (2006) showed that rise in
ALP level results from any disease
which will affect hepatocyte secretion
because it is represented near the
canalicular membrane of  the
hepatocyte. Cholestasis may result
from the blockage of the bile duct or
from a disease that impairs bile
formation in the liver itself (Stegink et
al., 1985). Elevation of ALP occurred
only in the third group can be attributed
to ongoing hepatocellular toxicity that
occur in higher dose of MSG.

Serum LDH (in group 3) and TBIL
(in groups 2 and 3) were found to be
significantly increased as compared to
control group. In contrast, serum ALB
and TP were found to be significantly
decreased (in groups 2 and 3) when
compared to the control group. It can
be deduced that serum LDH elevation
need higher dose of MSG. The trend of
elevated LDH gave an indication of
liver cell injury, as hepatic status can
be explored by determination of plasma
enzymes such as ALT, AST, ALP and
LDH (Burtis and Ashwood, 1999).
The concentration of proteins, albumin
and bilirubin in serum can be used as
indicators for the state of the liver and
can be used to differentiate between

different types of liver damage. The
observed reduction in ALB and TP and
the increased TBIL levels may be an
indication of possible MSG-mediated
hepatocellular damage arising from the
uptake of MSG and could be reflective
of diminished synthetic function of the
liver (Naganna, 1991). Elevated TBIL
may be a result of cholestasis or hepatic
cell injury. These results were partially
in accordance to Manal and Nawal,
(2012) who observed decrease in ALB
level in MSG treated groups.
Meanwhile, our results disagree with
Manal and Nawal, (2012) regarding
serum TBIL and TP, as they observed
no significant statistical change in total
proteins and significant statistical
decrease in serum total bilirubin in
MSG treated groups.

High oxidative stress in liver cells
can be deduced from the observed
significant  statistical decreases in
serum GR in MSG-fed rats at both
doses (in groups 2 and 3) as compared
to the control group. MSG is the
sodium salt of glutamic acid. Excessive
sustained glutamate receptor
stimulation with persistent
depolarization can produce metabolic
and functional exhaustion (Gill,
2000; Mattson, 2008). Some studies
have suggested that high concentrations
of glutamate induced depletion of
cellular antioxidants, such as GSH and
ascorbate (Shih et al., 2006; Tojo et
al., 2002). Lack of antioxidants easily
induces more  accumulation  of
intracellular ROS that elevates the
oxidative stress (Tojo et al., 2002).
Furthermore, recent data suggest that
the excessive level of glutamate caused
increase of cellular calcium, ROS
generation, and mitochondrial
dysfunction (Goldsmith, 2000; Jiang
et al., 2005).
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Administration of NAC to MSG-
treated rats was found to be effective in
improving MSG-induced liver cell
damage at both MSG doses. The use of
NAC revealed significant reduction in
serum level of AST, ALT enzymes and
TBIL (in groups 5 and 6) compared to
groups 2 and 3. These findings seem
similar to Manal and Nawal, (2012)
who reported that administration of
V.C and V.E resulted a significant
reduction in the serum level of ALT
enzyme at both MSG doses. In
contrast, Manal and Nawal, (2012)
reported that serum total bilirubin was
found to be significantly increased in
the serum after administration of
vitamin C and vitamin E with MSG.
Serum ALP levels showed no
significant change (in groups 5 and 6
when compared to groups 2 and 3)
which may indicate that the hepatic
capacity of the liver is grossly affected
by MSG. Also, it may indicate that
NAC cannot affect cholestasis.

Serum LDH levels were found to
be significantly reduced after using
NAC to MSG-fed rats (in group 6
compared to group 3). On the other
hand, administration of NAC was
effective in improving the synthetic
function of the liver especially with
lower dose of MSG as the results
revealed significant statistical increases
in serum ALB, TP (in group 5 only as
compared to group 2). These results
were in accordance to Manal and
Nawal, (2012) who observed that
addition of V.E and V.C resulted in a
significant improvement in the serum
total protein levels of lower MSG
dosed rats (0.6 mg/g b.wt). Both
vitamins have the ability to prevent
oxidative stress which affects liver the
main site for protein synthesis in the
body. Albumin concentration increased

in the serum of MSG administrated by
addition of V.C and V.E dosed rats.

In addition, NAC can effectively
reduce the oxidative stress of liver cells
as observed from elevation of GR
enzyme (in groups 5 and 6 when
compared to groups 2 and 3). This
appears to suggest an attempt by NAC
to counteract or antagonize the
probable liver cells damage. So, NAC
has an ameliorating effect on MSG-
induced  hepatotoxicity. To  our
knowledge, the protective effects of
NAC against MSG-mediated
hepatotoxicity have not been reported
up till now. Thus, the present study has
demonstrated for the first time that
NAC can be used in protection of the
liver from MSG induced toxicity.

Our results can be comparable to
Reham and Mohammad, 2014 who
revealed that administration of vit. E or
selenium as anti-oxidant to MSG-
treated groups  declined lipid
peroxidation. Young and Woodside,
(2001) reported that Vitamin C is an
antioxidant  which  removes free
radicals products in the body and
shows the ability to scavenge
superoxide, hydrogen peroxide, and
hydroxyl radicals. Generation of
reactive oxygen species (ROS) as result
of oxidative stress of MSG toxic effect
were depressed by antioxidant effect of
vitamin C and this consistent with
(Oscar et al., 2006).

The findings of our study can be
explained according to (Farombi and
Onyema, 2006) that all antioxidants
reduce MSG-increase in serum ALT
and AST. Antioxidants have been
reported to play a significant role in the
protection against lipid peroxidation.
Vitamin E is antioxidants that are
thought to have a protective effect by
either reducing or preventing oxidative
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damage. Lipid soluble vit E prevents
lipid peroxidation chain reactions in
cellular membranes by interfering with
the propagation of lipid radicals (Rinne
et al., 2000). It is well known as non-
enzymatic antioxidant (Al-Attar, 2011;
Uzun et al., 2009).Vitamin E inhibits
peroxidation of membrane lipids by
scavenging lipid peroxyl radicals (El-
Demerdash et al., 2004;
Uzunhisarcikli and Kalender, 2011),
and it also inhibits oxidative damage in
several tissues by heavy metals and
pesticides in experimental animals (EI-
Demerdash et al., 2004; Acharya et
al., 2008).

N-acetylcysteine NAC, an
acetylated  sulfur-containing amino
acid, is a lipid soluble antioxidant that
can permeate cell membranes. It can
act through several mechanisms against
cellular degeneration. It is currently
used in respiratory diseases, and as a
treatment for acetaminophen
hepatotoxicity, because NAC has
beneficial effects in  conditions
characterized by decreased GSH or
oxidative stress in those diseases. It
acts as a precursor of GSH synthesis,
and has potential benefits as an anti-
apoptotic and anti-inflammatory agent
(Cooper and Kristal, 1997; Seaton et
al., 1997; Yang et al, 2012). It
stimulates cytosolic enzyme activities
involved in the glutathione cycle, such
as glutathione reductase, which
enhances the rate of glutathione
regeneration. Glutathione is a principal
thiolic compound, play a key role in
cellular homeostasis since its loss is
accompanied by cell death caused by
oxidative stress (Reed and Fariss,
1984). Also, NAC also acts by direct
reaction between its reducing thiol
group and ROS protecting against
oxidative damage in vitro and in vivo

(Aruoma et al., 1989).

Wong et al., (2003) investigated
the protective effect of NAC against
carbontetrachloride (CCl4) and
trichloroethylene-induced
hepatotoxicity in rats. Rats
administered with higher dose of NAC
caused significant reduction in SGPT
and SGOT levels. They concluded that
NAC effectively protects against CCl4
and trichloroethylene-induced
hepatotoxicity in rats. NAC
pretreatment partially decreased the
covalent binding of CCl4-reactive
metabolites at 1st and 3rd hour of
poisoning. NAC also diminished
partially the CCl4-induced increase in
lipid peroxidation. The early protective
effects of NAC might be attributable to
its prior conversion to cysteine and
GSH (Menor et al., 2003).

Azathioprine (AZA) decreased the
viability of cultured hepatocytes,
depleted intracellular GSH, reduced
metabolic  activity, = mitochondrial
swelling, increased oxygen
consumption of intact mitochondria
and LDH release. NAC reversed AZA-
induced hepatotoxicity in humans by
increasing cytosolic GSH (Valles et al.,
1994).

As  regards histopathological
results, the present study showed
congested central vein, apoptotic
bodies and inflammatory cells
infiltration through the hepatic lobules
and within portal tract in group 2 rats.
These findings indicate liver cell
injury. Necro-inflammatory foci were
revealed within the hepatic lobule in
group 3 rats. Necrosis can be attributed
to severe liver cell injury and
degeneration. Administration of NAC
in Group 5 rats was associated with
mild inflammatory cells infiltration
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(when compared to group 2) with few
apoptotic bodies and absence of central
vein congestion. In group 6 rats,
administration of NAC to 1.6mg/gm
MSG elicited infiltration of
inflammatory cells through the hepatic
lobules and within portal tract, central
vein congestion and some apoptotic
bodies with absence of necrotic areas
(when compared to group 3).
Improvement of MSG-induced hepatic
histopathological changes was
observed in rats after adding NAC to
MSG-fed groups. This means that NAC
has anti-oxidant effect and protective
role against liver cell injury. Sakr et
al., (2003) reported that
histopathological changes due to toxic
effect of MSG on the liver were in the
form of distortion of hepatocytes and
dilatation of central vein of the liver.
Hossam et al.,, 2012 revealed that
MSG caused foci of degeneration in the
form of pyknosis of hepatocytes nuclei
and fibrosis. Egbuonu et al., (2009)
indicated that MSG induced hepatic
necrosis and  apoptosis, biliary
proliferation, peribiliary fibrosis and
degeneration of hepatocytes. Hazar et
al., (2008) referred that oxidative stress
which is  responsible  for the
development of hepatic fibrosis and
degeneration.
CONCLUSION

Administration of MSG
significantly increased the levels of
AST, ALT, LDH and bilirubin, the
markers  of  hepatotoxicity, and
decreased the levels of albumin and
total protein. MSG may be hepatotoxic
at a low dose, hence should be avoided
during the treatment of liver disorders.
Supplementation with NAC decreased
the markers of hepatotoxicity and
exerted significant protection against
MSG-induced toxicity by its ability to

decrease the lipid peroxidation and thus
oxidative stress through its free radical-
scavenging activity, which improved
the levels of antioxidant defense
system. NAC at 200 mg/kg improved
the hepatic histopathological damages
induced by MSG. This study revealed
the hepatoprotective potential of NAC
against MSG-induced liver damage.
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