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Background and Aims: monosodium glutamate (MSG) has been claimed to be the cause of a range of harmful reactions
in people who had eaten foods containing this additive. This study was carried out to investigate the adverse effects of
MSG administration on hepatic oxidative stress and consequently hepatic tissue damage; and the possible effect of garlic
extract to ameliorate these adverse changes. Methods: male Wister rats were injected subcutaneously with MSG at dose
of 4 mg/g body weight for 45 days, or fed on basal rat diet containing 10g/kg diet of garlic extract (1%) and injected with
the same MSG dose for the same period. Results: MSG injection showed a significant increase of plasma glucose and
blood lipid profile. Moreover, liver TBARS level and glutathione dependent enzymes GR, GPx and GST activities were
significantly increased 3, 2.8, 1.6 and 3 folds, respectively. Furthermore, liver damage take placed and this indicated by
the significant increase in AST, ALT and ALP activities. Garlic acid administration significantly attenuated MSG
induced liver oxidative stress, liver tissue damage, hyperglycemia and hyperlipidemia. Conclusions: these results
emphasized the benefit effect of garlic extract as supplementary nutrients to prevent the MSG hepatotoxicity which
arisen from oxidative stress involvement.
Keywords: monosodium glutamate, garlic extract, oxidative stress, hyperglycemia, liver damage.

1. INTRODUCTION

Monosodium glutamate (MSG) is the sodium salt
of the non-essential amino acid glutamic acid, one
of the most abundant amino acids found in nature.
It is one of the main flavor enhancers used as an
ingredient in various food products [1]. MSG has
been claimed to be the cause of a range of adverse
reactions in people who had eaten foods containing
this additive [2]. MSG has been implicated as the
causative agent in the symptom complex known as
Chinese restaurant syndrome and also as a trigger
for bronchoconstriction in some asthmatic
individuals [1]. MSG administration could produce
symptoms such as numbness, weakness, flushing,
sweating, dizziness and headaches [3] that
commenced between 10 min and 2 h after start of

the MSG containing meal and lasted 4 h or less [4].
Chinese and Japanese used MSG as a flavor
enhancer and ready served foods like soups, sauces
etc,  found to be induced hyperlipidemia,
hyperglycemia and hence oxidative stress [5].
Alterations in the levels of thiobarbituric acid
reactive substances (TBARS) and antioxidants like
reduced glutathione, catalase and superoxide
dismutase were reported in adult mice during MSG
treatment [6,7]. Furthermore, disruption in the
levels of biochemical parameters such as
carbohydrates, lipids and proteins in MSG-treated
rats were also well documented [8].

Many plants extracts used in treatment of
human health problems have shown antioxidants
and free radical scavenging capacities against
external and endogenous agents. Garlic has
attracted particular attention of modern medicine
because of its widespread health use around the
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world, and the cherished belief that it helps in
maintaining good health warding off illnesses and
providing more vigor [9]. To date, many favorable
experimental and clinical effects of garlic
preparations, including garlic extract, have been
reported. These biological responses have been
largely attributed to reduction of risk factors for
cardiovascular diseases and cancer, stimulation of
immune function; enhance detoxification of foreign
compound, hepatoprotection, antimicrobial effect
and antioxidant effect [9]. Raw garlic homogenate
has been the major preparation of garlic subjected
to intensive scientific study, as because it is the
commonest way of garlic consumption. Garlic
extract (Allium sativum Linn) have reported the
presence of two main classes of antioxidant
components, namely flavonoids and sulfur-
containing compound, diallyl sulfide and trisulfide
and allyl – cysteine [9,10]. Raw garlic homogenate
is essentially same as aqueous extract of garlic,
which has been used in various scientific studies
[9]. Allicin (allyl 2 propenethiosulfinate or diallyl
thiosulfinate) is thought to be the principal bioactive
compound present in aqueous garlic extract or raw
garlic homogenate [10]. When garlic is chopped or
crushed, allinase enzyme, present in garlic, is
activated and acts on alliin (present in intact garlic)
to produce allicin [11]. The antioxidant properties
of allicin (dialkyl thiosulfinate), the main
component in aqueous extract from raw garlic, may
explain the possible role of garlic to protect against
MSG toxicity [12]. It has been found that allicin
scavenges OH· and inhibits lipid peroxidation [13].
However garlic preparations and related
organosulfur compounds have also been reported
to protect against certain cytotoxicities [14] through
promoting the induction of glutathione-S-
transferase (GST) [15]. In addition organosulfurs
enhance the synthesis of the cellular reduced
glutathione content [16], which is catalyzed by
antioxidant enzymes as ã-glutamyl transpeptidase
[17]. So, this study aimed to benefit from such
acomulative actions of garlic in preventing the MSG
intoxication.

2. MATERIALS AND METHODS

2.1. Preparation of Aqueous Garlic Extract: garlic
was purchased from local market. The outer husks
of garlic were peeled off before slicing the cloves.

The sliced garlic was dried in an oven at 60 °C up
to dryness. The dried garlic was ground and kept
in dry glass package until used.

2.2. Animals and Experimental Design: Male
Wistar rats (170±30 g) were obtained from the
animal house, Faculty of Medicine, Alexandria
University. The animals were randomly divided
into four groups, with 8 rats in each.

The first one is Control group: Rats fed on basal
rat diet. The second one is MSG group: Rats fed on
basal rat diet and injected subcutaneously 1 ml
water containing MSG at dose level of 4 mg/g body
weight every day [1]. The third one is Garlic group:
Rats fed on basal rat diet containing 10 g/ kg diet
of garlic extract (1%). Finally the last one is Garlic
plus MSG group: Rats fed on basal rat diet
containing 10 g/ kg diet of garlic extract (1%) and
injected subcutaneously everyday 1 ml water
containing MSG at dose level of 4 mg/g body
weight.

All animals were free access to water, housed
in individual cages, on alternative 12 h light and
dark cycles, at temperature 24±2 °C, and kept on
regular diet during the experimental period (45
days). All animal procedures were performed
according to the Guide for the Care and Use of
Laboratory Animals of the National Institutes of
Health, Alexandria University.

On day 45, the rats were sacrificed then blood
collected, centrifuged and sera stored at -20 ºC. Liver
was obtained and homogenized in phosphate
buffer, pH 7.4, 0.1M and then tissue homogenates
were collected and stored at -20 ºC for the
biochemical studies.

2.3. Standardized Procedures: were followed
for various estimations of serum total lipids
(T. Lipid) [18], cholesterol [19], triglycerides (T. G.)
[20], high density lipoprotein (HDL) [21], low
density lipoprotein (LDL) [22], glucose [23], alanine
aminotransferase (ALT), asparatate
aminotransferase (AST) and alkaline phosphatase
(ALP) [24] by using commercial kits.

Lipid peroxidation and antioxidant enzymes
were measured in liver tissue.

2.4. Estimation of Lipid Peroxidation: Briefly,
0.5 ml of livert supernatant and 0.5 ml of Tris-HCl
were incubated at 37 °C for 2 h. After incubation 1
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ml of 10% trichloroacetic acid was added and
centrifuged at 1000 xg for 10 min. after cooling 1 ml
double distilled water was added and absorbance
was measured at 532 nm. Thiobarbituric acid-
reactive substances were quantified using an
extinction coefficient of 1.56 x 10 5 M-1 cm-1 and
expressed as nmol of malondialdehyde per mg
protein. The brain malondialdehyde content
expressed as nmol of malondialdehyde per g tissue
[25].

2.5. Determination of Glutathione-S-
transferase (GST) Activity: 100 µl GSH (5mM), 10
µl p-nitrobenzyl chloride (1 mM in ethanol) and 25
µl supernatant were added to 1.365 ml phosphate
buffer (0.1 M, pH 6.5) and vortexd then incubated
for 20 min at room temperature. The concentration
of protein was estimated in 25 µl supernatant
(Plummer, 1978). The absorbance of sample was
read against air at 310 nm. The activity of GST was
calculated with the following equations; For GST
activity (µmol/ min/mg protein) = At / (1.9 x time
x mg protein) [26].

2.6. Determination of Liver Glutathione
Peroxidase (GPx) Activity: 50 µl supernatant was
added to 100 µl GSH (GSH, 5 mg was dissolved in
10 ml Tris-HCL buffer, 50 mM, pH 7.6), 100 µl
cummen H2O2 (cummen H2O2, 50 µl was mixed with
10 ml Tris-HCl buffer, 50 mM, pH7 .6) and 750 µl
Tris-HCl, pH 7.6 (test) and incubated at 37ºC for 10
min. For control, 50 µl diluted supernatant and 100
µl GSH were added to 750 µl Tris-HCl, 50 mM, pH
7.6 then incubated at 37 ºC for 10 min. One milliliter
TCA (15%) was added to test and control as well as
100 µl cummen H2O2 was added to control then both
were centrifuged at 3000 r.p.m. for 20 min and then
the supernatants were separated off. One ml of
supernatants was added to 2 ml Tris-HCl, 0.4 mM,
pH 8.9 and 100 µl DTNB (DTNB, 0.0198 g was
dissolved in 5 ml methanol) and incubated for 5
min. The absorbance was measured at 412 nm
against distilled H2O. The activity of GPx was
calculated according to the following equation; GPx
activity (U/g wet tissue) = A x 6.2 x 10 x 10 / 13.1 x
0.05 x 10 [27].

2.7.  The Activity of Glutathione Reductase:
(GR) was determined spectrophotometrically using
UV-visible spectrophotometer at 30 °C according
to method of Gutterer et al. [28] by using commercial
kit. The protein content was determined according

to Lowry et al. [29], using bovine serum albumin as
a standard protein.

2.8. Statistical Analyses: Data are expressed as
the mean ± SEM for the number (n = 8) of animals
in the group as indicated in table and figures.
Repeated measures analysis of variance (ANOVA)
was used to analyze the changes in parameters. A
p-value < 0.01 was considered statistically
significant.

3. RESULTS

Administration of monosodium glutamate (MSG)
to adult male rats at dose level of 4 mg/g body
weight for 45 days, caused hyperglycemia, hyper-
lipidemia, hepatocytes damage and hepatic lipid
peroxidation associated with high level of
antioxidants enzymes (compensating mechanism).
Where, the blood levels of glucose, cholesterol, T.G.,
HDL, LDL and T.L. were significantly increased
after MSG IP injection by 32, 79, 53, 41, 157 and 33%,
respectively, at p � 0.001 (Table 1).

Furthermore, the activities of ALT, AST and
ALP (indicators for hepatocytes damage) were
increased by 71, 70 and 80%, respectively (Table 2).
MSG administration caused an increase in the
hepatic lipid peroxidation associated with increase
in the hepatic activity of glutathione-dependent
enzymes, glutathione reductase (GR), GPX and
GST. Where, TBARS and the activities of GR, GPX
and GST were increased 3, 2.8, 1.6 and 3 fold,
respectively (p � 0.001) than those of control group
(Table 2 and Figure 1).

On the other hand,  garlic acid oral
administration at dose of 10g/kg acts as
hypoglycemic and hypo-lipidemic agent because
blood glucose level, T. G., T.L, cholesterol, HDL and
LDL were significantly decreased than those of
control group at p � 0.01. In addition, table 2
represented that the plasma activities of liver
enzymes were lower than that of control group
(Table 2). Furthermore, liver lipid peroxidation and
liver antioxidants enzymes were significantly
decreased by 10, 23, 28 and 26% after garlic intake.

The co-administration of MSG and garlic extract
for 45 days reverses the adverse effects of MSG
(figure 1 and table 1 and 2). The Blood Glucose Level
was significantly decreased than that of MSG group
and return to control level. Lipid profile
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(cholesterol, T. G., T. L., HDL and LDL) was
significantly decreased than that of MSG group but
still slightly higher than control group level, at p �
0.01.

Rat treated with this combination showed a
significant decrease in ALT, AST and ALP by 16,
37, and 54% respectively than MSG group levels at
pd”0.01. Moreover, the hepatic lipid peroxidation
was decreased by 61% than that of MSG group.
Finally, the antioxidant enzymes of rat
administrated MSG and garlic were significantly
lower than that of MSG group and still higher than
that of control group at p � 0.01.

4. DISCUSSION

Throughout the world, dietary MSG has been
consumed in large amounts to induce preference
for foods in the meal. Interestingly, little is known
about the effects of MSG added to dry food on
oxidative stress and metabolic parameters [30]. It
is reported that MSG administration to adult male
mice for 6 days, at dose levels of 4 and 8 mg/g body
weight, caused a significant increase in the levels
of glutamate and glutamine in the blood; which
induced hyper-lipidemia and hyperglycemia [1, 31].
The present study showed that,  MSG
administration at dose of 4 mg/g for 45 days caused
a significant increase in blood glucose level and
blood lipid profile (Table 1). The elevation in the
level of glucose results in peroxidation of membrane
lipid and promotes formation of tissue TBARS.

In the current work, we also observed an
increase in liver lipid peroxidation by 190% after
MSG intake with hyperglycemia. It is well known
that, MSG rats had an imbalanced oxidant /
antioxidant system, which characterized by high
lipid peroxidation level, and enhanced oxidative
stress which generates reactive oxygen species

(ROS). ROS reacts with protein thiol moieties to
produce a variety of sulfur oxidations, thus
diminishing the insulin receptor signal and
inhibiting cellular uptake of T. G. from the blood
[30-31]. These observations explain the increase of
serum level of T.G and glucose as shown in
Table 1.

The increase in the activities of plasma AST,
ALT and ALP (Table 2) indicated that MSG intake
may be induced hepatic dysfunction. Supporting
our finding it has been found that lipid peroxidation
alters the cell membrane permeability, integrity and
structure and leads to cell membrane damage [7].
Therefore, the increment of the activities of AST,
ALT and ALP in plasma may be mainly due to the
leakage of these enzymes from the liver cytosol into
the blood stream, which gives an indication on the
hepatotoxic effect of MSG.

However, lipid peroxidation produces cell
damage by disruption of anatomical integrity of
membranes by the formation of compounds which
are able to diffuse from the production site like
aldehydes. Aldehydes may be inactivated
chemically by substances containing [-SH] group.
Among the most important thiols is reduce
glutathione (GSH) [30-31]. There is glutathione-
dependent enzyme (GR, GPX and GST) that
controls in the level of GSH to maintain it in the
adequate level [8]. In the present work, the activity
of these enzymes were increased (Figure 1), this
suggest that the system tries to adopt itself to
ongoing stress by MSG. GR, a cytosolic NADPH-
dependent enzyme, was found to be significantly
increased by 150%. The oxidation of GSH to GSSG
normally occurs by the reduction of endogenous
peroxides by GPX. The GPX was increased by 73%
(Figure 1). This suggests that this is not much
change in GSH/GSSG level which could inhibit
protein biosynthesis [1, 8, 31]. The role of GPX is
protective one, as it significantly delays irreversible
oxidative degradation of lipids [32]. The activity of
GST was increased by 190% (Figure 1). GST is a
group of important detoxifying enzyme that
conjugates GSH with a large member of
electrophiles in order to protect thiol group of
protein from electrophilic attack [33]. So we
concluded that MSG intake leads to hyperglycemia,
hyper-lipidemia, lipid peroxidation, oxidative stress
and hepatotoxicity.

Figure 1: Effect of monosodium glutamate and garlic acid on
liver antioxidants enzymes.

GR GPX GST
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Garlic (Allium sativum Linn) used as a spice and
medicinal herb for centuries exhibits a wide range
of properties including immuno-modulatory,
hepatoprotective, antioxidant, anti-mutagenic and
anticancer properties [9, 11, 34]. Several
investigators reported that garlic acid intake
decreased glucose and lipid profile especially
cholesterol [10, 35]. Because garlic can effectively
combine with compounds like cysteine and
enhances serum insulin so it acts as an anti-diabetic
agent by increasing either the pancreatic secretion
of insulin from the beta cells or its release from
bound insulin [36]. In agreement with these
findings, the results showed that garlic extract
administration acts as hypoglycemic and hypo-
lipidemic agent (Table 1). It was reported that
treatment with garlic could restore the activities of
liver enzyme because it acts as hepatoprotective
[36]. This finding supports our results where garlic
acid intake lowers the plasma levels of AST, ALT
and ALP (Table 2).

We noticed that garlic extract administration
decreased liver lipid peroxidation. In agreement
with these findings, several investigators reported
the role of garlic as exogenous antioxidants [34-36].

The present study was carried out to assess the
benefit effect of garlic extract to detoxify the adverse
effects of MSG. After 45 days administration of MSG
at dose of 4 mg/g with garlic acid at dose of 10 g/
kg, we found a significant decreas in the lipid profile,
blood glucose level, and plasma activates of AST,
ALT, ALP and glutathione-dependent enzymes as
well as TBARS level than those of MSG group but
not similar to normal levels. In agreement with the
previous mentioned findings, Gorinstein et al. (2006)
concluded that dietary hypoglycemic garlic was
effective in reducing oxidative stress and decrease
serum lipid profile in rat model [37]. Several
previous studies reported that garlic extract
administration inhibit the generation of hydroxyl
radical, the most toxic oxy radical [34-36]. Garlic
has been found to modulate lipid peroxidation and
enhanced the status of antioxidants [9, 11, 34, 35,
38]. In addition, garlic extract used as effective
chemopreventive agents [38].

In conclusion, MSG induced oxidative stress
associated with liver injury. Furthermore, MSG
induced metabolic disorders hyperlipidemia and
hyperglycemia so may induc insulin resistance.
Garlic extract intake prevented these changes in
glucose, lipid profile, prooxidant/antioxidants
status seen in MSG group. Because the deleterious
effects of MSG inducing were not noticed in rats
that ate the garlic acid extract diets, it can be
concluded that garlic acid supplementation is
beneficial for avoiding hyperglycemia and
hyperlipidemia and improving oxidative stress
induced by an MSG injection.

Table 1
Effect of Monosodium Glutamate and Garlic Acid Administration on Blood Glucose

Level and Lipid Profile

Groups Glucose Cholesterol TG HDL LDL T.L.
(mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (g/dl)

Control 62±1.5b 125 ± 3.1b 54.2±2.2b 32 ± 4.3b 63.4±5.5b 409±4.8b

MSG 81.4±4.9a 224 ± 3.9a 83±3.3a 45.6±2.6a 162.4±4.2a 545.4±6.3a

Garlic 61.4±2.5b 95 ± 3.8a 34±1.7a 73.4±2.1a 44.6±2.4a 376.4±5.7a

MSG plus Garlic 69±2.1ab 156 ± 2.8ab 66.2±1.6ab 39.8±0.8ab 104.4±3.4ab 451±4.2ab

The results are given as means ± SEM
asignificant difference was detected between groups when compared to control , p < 0.01.
bsignificant difference was detected between groups when compared to MSG group, p < 0.01.

Table 2
Effect of Monosodium Glutamate and Garlic Acid

Administration on Blood Liver Function Enzymes and
Liver Lipid Peroxidation

Groups ALT AST ALP TBARS
IU/l IU/l IU/l nmol/g

Control 21.6±2.1b 30.6±2.4b 15±1.2b 3.64±0.17b

MSG 36±2.7a 51.4±3.1a 27.6±2.4a 10.58±0.2a

Garlic 15.4±1.1ab 22±2ab 9.6±1.1ab 3.27±0.05ab

MSG plus 27.6±1.7ab 43±1.5ab 18±0.8ab 4.02±0.08ab

Garlic

The results are given as means ± SEM
asignificant difference was detected between groups when
compared to control , p < 0.01.
bsignificant difference was detected between groups when
compared to MSG group, p < 0.01.
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Abbreviations
ALP, alkaline phosphatase; ALT, alanine aminotransferase;
AST, asparatate aminotrasferase; Chol, Cholesterol; MSG, GPx,
glutathione peroxidase; GR, glutathione reductase; HDL, high
density lipoprotein; LDL, low density lipoprotein;
Monosodium glutamate; SOD, superoxide dismutase; TBARS,
thiobarbituric acid reactive substances; T.G., Triglycerides;
T. L., Total Lipids.
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