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Abstract: Monosodium glutamate (MSG) is a food additive with a wide use in modern nutrition. The Current
research concerned with studying the toxic effects of MSG on rats cerebrum and kidneys. Thirty six adult male
albino rats were divided into three groups (each containing 12 rats); negative control group, positive control group
(received 2 ml saline orally for 28 days) and MSG group (received 830 mg/ Kg. B. wt orally for the same period).
Serum creatinine and blood urea nitrogen, urine analysis for urinary albumin excretion and histopathological
examination for cerebrum, kidneys were examined in all groups. The results showed marked increase in the serum
creatinine, BUN levels in MSG group as compared to control group. These changes were accompanied with a
significant increase in the urinary excretion of albumin. These alterations were accompanied by variable
histopathological changes of the examined cerebral and renal tissues. There were neurogenerative changes in the
form of vacuolization, pyknosis, satellitosis and chroidal plexus congestion in the cerebral cortex. The renal tissue
showed swelling in the lining endothelium of the glomeruli associated focal areas of glomerular atrophy. There was
also hydropic degeneration of the tubules with tubular dilatation and hyaline casts. The inter-tubular spaces showed
dilatation and congestion of the cortical blood vessels with focal hemorrhage between the tubules. Moreover MSG
treatment induced up regulation of Bax protein in all examined tissues as compared to control rats indicating that
MSG induced apoptosis. In conclusion, the results confirmed the neurotoxic and nephrotoxic effects of MSG, where
Bax protein appeared to have a pivotal role in MSG induced apoptosis in these organs.
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1. Introduction: 2006; Pavlovic et al., 2007). On the other hand,
Monosodium  glutamate (MSG) is a glutamate in high concentrations, in particular in
substance widely used as flavoring agent in the whole postnatal period, it acts as a neurotoxin (excitotoxin)
world. It is the sodium salts of glutamic acid. It is (Eweka et al., 2011).
added to the food either as a purified monosodium The exact mechanism of neuronal cell death,
salt or as a component of a mixture of amino acids induced by excitotoxins, still remains unknown.
and small peptides resulting from the acid or However, there is accumulating evidence suggesting
enzymatic hydrolysis of proteins (Schwartz, 2004). that glutamate- induced toxicity can be mediated
When it is added to food in relatively small quantities, through necrosis and apoptosis (Ankarcron et al.,
the palatability of this food increases (Vindini et al., 1998; Martin et al., 2000).
2010). There is a substantial evidence that the Kidneys are quite vulnerable to toxic injury
sensory basis for this effect is that MSG stimulates because they are exposed directly to the blood plasma
the sense of taste (Garattini, 2000). via open fenestrae of their glomerular capillaries.
Monosodium glutamate is absorbed very Moreover, it metabolized many toxic substances
quickly from gastrointestinal tract and could spike where the concentration of the toxin any be several
blood plasma level of glutamate (Schwartz, 2004). hundreds times greater in the kidney than else (Stine
Glutamate is the most abundant amino acid and Brown, 2006).
in the central nervous system where it functions as an Previous scientific investigations aimed at
excitant neurotransmitter. It is especially highly determining the effect of MSG on body organs
concentrated in those regions of the brain that are (Nwaopara et al., 2004; 20073, b; 2008a, b). There
essential in cognitive processes mediation; in the are some reports of the toxic effects of MSG on the
cerebral cortex, hippocampal gyrus dentatus and pancreas (Nwaopara et al., 2004), liver (Nwaopara
striatum (Cekic et al., 2005). et al., 2007b) and kidney (Nwaopara et al., 2008 a).
Glutamate in  high doses produce Osfor et al. (1997) indicated that kidney,
neuroendocrine  abnormalities and  neuronal liver, brain, and heart weight were significantly
degeneration (Moreno et al., 2005), and oxidative increased in rats treated with MSG. Diniz et al.
damage in different organs (Farmobi and Onyema, (2004) reported that MSG induced alterations in
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metabolic rate of glucose utilization and decreased
antioxidant defenses. Generation of reactive oxygen
species in different body cells is known to induce
damage to DNA, lipids and proteins, lipid
peroxidation in cellular membrane due to damage of
the polyunsaturated fatty acids in the cell membranes.
These effects may lead to cellular death by apoptosis.

Researches in recent years have been
focused on understanding the molecular targets for
toxin induced apoptosis (Stine and Brown, 2006).
The two main families of apoptotic regulators taken
into consideration in mammals are the caspases, and
the Bcl-2 family members, represented by Bcl-2, Bcl-
X, Bel-w, and Mcl-1 (cell death inhibitors) and by
Bax, Bcl-xs, Bad, Bak (cell death promoters)
(Kelekar and Thompson, 1998).

Hence previous literature regarding the
detailed histopathological changes in the brain and
kidneys was insufficient especially regarding the
exact molecular target for MSG induced cell death,
so the aim of the present study is concerned with the
possible  biochemical, histological and Bax
immunohistochemical changes that may occur in rats'
cerebrum and kidneys following short term chronic
toxicity of MSG.

Material and Methods

Material:

1- Chemical:

The chemical used monosodium glutamate (MSG)

(C5H9NO4.Na) from Al-Dawlya Chemicals Co.,

Egypt with Purity > 98% NT.

2- Kits:

- Biomerieux France kits (Boehringer, Germany)
for estimation of blood urea nitrogen (BUN) and
serum creatinine.

ABC Diagnostic Kits (New Damietta, Egypt) for
estimation of urinary microalbuminuria .

3- Experimental animals:

Thirty six adult male albino rats were used in
the present study. The weights of rats ranged from
180- 200 grams and their ages ranged from 3-4
months and obtained from the Animal Farm, Faculty
of Veterinary Medicine, Zagazig University, divided
into 3 groups and caged under standardized
environmental conditions. Passive preliminaries for
seven days in order to adapt themselves to their new

environment and to ascertain their physical wellbeing.

They were housed in a separate well ventilated cages,
under standard conditions, with free access to the
standard diet and water ad libitum. The experiment
was conducted at the animal house of Faculty of
Medicine Zagazig University. The experiment was
performed in accordance with the "Guide for the Care
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and Use of Laboratory Animals" (Institute of
Laboratory Animal Resources, 1996).

Methods:

1- Experimental design:

For this study, thirty six (36) adult male
albino rats were divided into three groups, each group
consisted of twelve rats.

Group | (negative control group): kept with no
injection till end of experiment.

Group Il (positive control group): each animal of
this group received orally 2 ml saline daily, parallel
to the chemical treated group

Group 11 (monosodium glutamate (MSG) group):
each rat received daily an oral dose of MSG equals
830 mg/kg b. wt. (1/20 of rat's oral LD50 which
equals 16600 mg/kg b. wt.) (Richard and Lewis,
1990).

This experiment lasted for 28 days. On the
morning of the last day of the experiment, all rats
were subjected for collection of 24 hrs of urine for
assessment of urinary albumin excretion then they
were weighted for recording the final total body
weight and body weight gain percent. Then rats were
anaesthetized by ether for collection of blood samples
for assessment of kidney function tests then
sacrificed and dissected for collection of cerebra and
kidneys to be weighted for recording the relative
cerebral and kidney weight and then to be subjected
for histopathological examination.

2- Blood samples collection:

Retro-orbital blood samples were collected
from all rats. The collected blood was incubated at
37°C until clotted then centrifuged to separate the
serum. The serum samples were maintained at
(-20°C) to be used for measurement of kidney
functions tests (blood urea nitrogen and serum
creatinine).

3- Urine samples collection:

On the morning of the last day of the
experiment, each rat was housed individually in a
metabolic cage and was allowed to access water as
these metabolic cages are supplied with drinking
bottles. Funnels of suitable size were arranged at the
bottom of the metabolic cages for collection of urine
and perforated plastic discs were arranged in the
funnels to retain fecal matter (Abd-AlAziz et al.,
2008). The 24 hrs urine sample was collected for
each animal in a beaker arranged at the bottom of the
funnel. The volumes of the 24 hrs urine samples
collected in the beakers were noted individually and
used for determination of urinary albumin excretion
or microalbuminuria.

4- Assessment of kidney function tests (KFTs):

* Blood urea nitrogen (mg/dL): Biomerieux France
kit Estimation of blood urea has been carried out
using kit of biomerieux France. It was done as
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described by Kaplan (1965) according to the
pamphlet of Biomerieux France kit by enzymatic
colorimetric method.

* Serum creatinine (mg/dL): Estimation of serum
creatinine has been carried out using kit of
Biomerieux France. It was done as described by
Bjurosson (1979) according to the pamphlet of
Biomerieux France kit by colorimetric method.

5- Assessment of urinary albumin excretion
(ug/ml): Urinary albumin excretion or microalbu-
minuria  (ug/ml) was determined by rapid
colorimetric method using commercially available
kits (ABC Diagnostics, New Damietta, Egypt) and
according to manufacture instruction (Schosinsky et
al., 1987). Microalbuminuria was expressed as pg/24
hours by multiplying the results by the urine volume
(ml) in 24hours.

6- Histopathological Studies:

After scarification and dissection, cerebrum
(frontal cortex) and kidneys were removed
immediately and fixed in 10% formal saline. After
fixation, kidneys and cerebra were embedded in
paraffin blocks and processed for the preparation of 5
p thickness sections. These sections were subjected
for the following stains; Hematoxylin and Eosin ( H&
E) as described by Wilson and Gamble (2002) and
Bax immunohistochemical staining as described by
Zhang et al. (2006).

Immunohistochemical Methods:

Immunohistochemical staining for Bax was
performed by using the Streptavidin/peroxidase
method. After dewaxing, the slices were heated and
boiled for 30 min in citrate buffer Solution (0.01M,
pHG6.0) for retrieval antigen. Each section was treated
with 3% hydrogen peroxide for 20 min at room
temperature to diminish nonspecific staining. After
rinsing with PBS, the slices were blocked with 5%
normal goat serum in PBS (0.1M, pH 7.4) for 30 min
at room temperature. The slices were then incubated
with the primary rabbit anti- Bax (1: 200
(Biotechnology, Santa Cruz, USA) overnight at 4 ° C.
After rinsing with PBS, the specimens were
incubated with biotinylated secondary antibody at
room temperature for 30 min, and then re- incubated
with peroxidase- labeled streptavidin for 15 min. The
immunoreactivity was visualized by 3, 3'-
diaminobenzidine tetrahydrochloride solution (DAB-
Chromogen-Kit, Carpinteria, CA). The slides were
counterstained with hematoxylin. Positive reactions
appeared brown. Both cytoplasmic and nuclear
staining of the cell was the only pattern of staining
considered to be positive for Bax (Zhang et al.,
2006).
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4- Statistical analysis:

Data were represented as means + SD The
differences were compared for statistical significance
by student's t test. Differences was considered
significant at p < 0.05. All statistical analysis were
performed using Epi-Info version 6.1.(Dean et al.,
2000).

3. Results
1-Total and relative body weight changes:

All treated animals were survived to the end
of experimental period. The data obtained from the
mean body weights are given in Table (1). There
were no statistical significance differences (p>0.05)
as regard the mean values of the initial body
weight(g), final body weight(g), percent of body
weight gain (%), and relative body weights of
cerebrum and kidney (mg/g) when comparing both
control groups (groups 1&I1).

A statistical comparison of the mean values
of the initial body weight (g) of MSG treated rats
(group I11) compared to those of the negative control
group (group 1) showed no statistical significant
difference (p>0.05). While the mean values of final
body weight (g) and the percent of body weight gain
(%) of MSG group (group I11) showed a statistically
significant increase (P<0.001) when compared with
those of the negative control group (Group I).

There was also a non significant difference
(p>0.05) as comparing the mean values of the relative
cerebral weight (mg/gm) in MSG group (group 1)
to those of negative control group (group 1). In
contrast, there was a significant increase (p<0.001) in
the mean values of relative kidney weight (mg/ g) of
MSG group compared to the negative control group.
2-Results of kidney function test (KFTs) and
urinary albumin excretion:

Biochemical analysis of kidney function
tests and microalbuminuria are shown in Table (2).
There were no statistical significance differences
(p>0.05) as regard the mean values of KFTs (BUN &
serum creatinine) and urinary albumin excretion
when comparing both control groups. Statistical
comparison of mean values of KFTs and urinary
albumin excretion between the negative control
group (group 1) and MSG group (group I11) revealed
significant increase (p< 0.001).

3- Results of histopathological examination of the
cerebrum (frontal cortex):

The control groups (groups | &Il) have the
same histological and immunohistochemical
findings. H&E stained cerebral sections of rats of
control groups showed normal picture. Examination
of H&E stained cerebral sections of the control
groups showed the normal arrangement of the layers
of the cerebral frontal cortex, the molecular layer
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covered with pia matter, the granular layer, and the
pyramidal layer (Figs. 1&2). On the other hand
immunoperoxidase stained sections for Bax showed
no immunoreactions for both nerve cells and
endothelial cells (Fig. 7) .

Table (1): Effects of monosodium glutamate
treatment on total body weights, relative cerebral
weight (CW/BW) and relative kidney weight
(KW/BW) compared to control groups.

Negative Positive MSG
Groups control control
group
group group
Initial Body 188.17 + 188.66+ 189.25+
Weight (g) 7.25 6.87% 6.31%.
Final Body Weight 216.33+ 217.67+ 230.58+
()] 8.44# 10.59# 3.55*
;/;ﬁf body weight 14.97% | 15.83%% | 21.84%*
Relative cerebral
- 1.65+ 1.59+
weight CW/BW 1.67+0.08 0.07£ 0.09%
(mg/g)
Relative kidney
weight 2722016 | 218 .
KW/BW(mg/g) - -

Values are given as mean +SD for group of 12
animals, CW/BW: cerebral weight compared to final
body weight, KW/BW: kidney weight compared to
final body weight . # = non-significant difference
compared to negative control; * = significant
difference compared to negative control group.

Table (2): Effects of monosodium glutamate
treatment on kidney function tests (BUN& S.

creatinine) and urinary albumin excretion
compared to control groups.

Negative Positive MSG
Groups

control group | control group | group
Blood urea | 21.00+1.03 22.02+ 1.00# 38.5+3.3*
nitrogen
(mgy/dl)
Serum 0.94+0.15 0.92+ 0.14# 2.18+
Creatinine 0.06*
(mgy/dl)
Urinary 100 +16 98 +14# 409 +40*
albumin
excretion
(ug/24hrs
urine)

Values are given as mean +SD for group of 12
animals, # = non-significant difference compared to
negative control; * = significant difference compared
to negative control group.
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On the contrary, MSG treated rats (group I11)
presented signs of neurodegeneration with pyknosis
and vacuolization. Examination of H&E stained
cerebral frontal cortex sections of MSG treated rats
showed most nerve cells distorted in shape and had
deeply stained shrunken pyknotic nuclei. cells are
surrounded by unstained areas there was
vacuolization of the neuropile surrounding the
affected damaged nerve cells (Figs. 3&4). There was
also focal aggregation of glial cells (gliaosis and
satellitosis) (Fig. 5) and chroidal plexus congestion
(Fig. 6). Immunoperoxidase stained sections for Bax
showed positive immunoreactions in most of the
nerve cells when compared to the control group (Fig.
8).

3- Results of histopathological examination of the
kidneys:

The kidneys of rats' of both control groups
(Groups 1&I1) showed normal histological picture of
the kidney. The renal cortex is formed of Malpigian
renal corpuscles, which are formed of tuft of
capillaries (glomerulus), surrounded by Bowman’s
capsule. Renal space is preserved. Proximal and
distal convoluted tubules were normal (Figs. 9&10).

Microscopic examination of the kidneys
specimens of the rats of MSG group (Group I1) after
28 days of treatment Showed variable pathological
changes in glomeruli and renal convoluted tubules.
Such changes exhibited an existence of hydropic
degeneration of the tubular epithelium with
vacuolization and tubular dilatation with intra-
lumenal hyaline casts (Figs. 11&12). The presence of
mononuclear inflammatory cellular infiltration in
interstitial tissues were noticed (Fig. 12).

Also, they were swelling in the lining
endothelium of the glomeruli associated focal areas
of glomerular atrophy (Figs. 13&14). Dilatation and
hyperemia in the intertubular cortical blood vessels
and focal hemorrhage between the tubules were seen
clearly (Fig. 14).

Immunolocalization of Bax in all examined

kidney specimens of control groups revealed negative
expression in both glomerular endothelium and renal
tubular epithelium (Fig. 17).
Twenty eight days of treatment with monosodium
glutamate resulted in positive immune reaction of
Bax in glomerular endothelium and some renal
tubular epithelial cells (Fig.18)
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Figure (1): A Photomicrograph of a section in the cerebral cortex of Figure (2): A Photomicrograph of a section in the cerebral
a control rat showing the molecular layer (ML) covered with the pia cortex of a control rat showing the normal neurons of the
matter (P), granular layer (GL), pyramidal layer (PL). H&E x 100. granular layer with large vesicular nuclei (*). H&E x 400.

Figure (3): A Photomicrograph of a section in the cerebral cortex of Figure (4): A Photomicrograph of a section in the cerebral
MSG- treated rat showing most neuronal cells shrunken surrounded cortex of MSG- treated rat showing most pyramidal cells appear
by spaces (Arrows).H&E x 200. distorted with deeply stained shrunken pyknotic nuclei, these

cells are surrounded by unstained areas (*). There are
vacuolizations (V) of the neuropile surrounding the affected
nerve cells. H&E x 400.
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Figure (5): A Photomicrograph of a section in the cerebral cortex of Figure (6): A Photomicrograph from a section in the cerebral cortex
MSG- treated rat showing focal aggregation of glial cells (gliaosis and of MSG- treated rat showing chroidal plexus congestion (Arrow).
satellitosis) (Arrows).H&E x 200. H&E x 400

Figure (7): A Photomicrograph of a section in the cerebral cortex of a Figure (8): A Photomicrograph from a section in the cerebral
control rat showing negative immunoreactions for Bax protien in cortex of MSG- treated rat showing positive immunoreactions
nerve cells (*) and endothelial cells (Arrow). immunoperoxidase for for Bax protein in endothelial cells (Arrows) and weak reaction
Bax x 400 in nerve cells (*). immunoperoxidase for Bax x 400
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Figure (9): A photomicrograph of a section in a control rat’s kidney Figure (10): A photomicrograph of a section in the kidney cortex of

showing normal glomerular tuft (g) and tubules (t). (H & E x40) a control rat showing renal corpuscle formed of glomerulus (g)
surrounded with Bowman's space and preserved renal space (*).
Note the proximal (P) and distal (D) convoluted tubules. (H & E
x100)

Figure (11): A photomicrograph of a section from the kidney of a rat  Figure (12): A photomicrograph of a section from the kidney of a

of MSG group showing hydropic degeneration and vacuolization of rat of MSG group showing monocellular inflammatory cell

the tubules (arrows), tubular dilatation (D) with hyaline casts (C) (H infiltrates (). Tubular dilatation (D), hyaline casts (C) and

& E x200) vacuolization of tubular cells are also observed (arrows) (H & E
x200)
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Figure (14): A photomicrograph of kidney section form a rat of
MSG group showing severe shrinkage of the glomeulus (arrow)
with increased in Bowman's spaces (*). There is also dilated
congested interstitial blood vessels and interstitial hemorrhage in the
inter tubular spaces (crossed arrows). (H & E x 400).

Figure (13): A photomicrograph of a section from the kidney of a rat
from MSG group. Some glomeuli showing shrinkage (arrow) and the
others showing swelling with partial loss of the Bowman's spaces (g).
(H & E x100)

Figure (16): A Photomicrograph from a section in kidney of a rat of
MSG group showing positive immunoreactions for Bax protein in

Figure (15): A Photomicrograph from a section in kidney of a control
rat showing negative immunoreactions for Bax protien in glomeruli
(*) and tubular cells (Arrow). immunoperoxidase for Bax x 400 mainly in glomeruli (*) and some tubular cells (Arrows).

immunoperoxidase for Bax x 400

4. Discussion of monosodium glutamate where most of the experts

Nowadays, monosodium glutamate (MSG)
is frequently used as a flavor enhancer, the fact of
which makes it one of the most applied food
additives in the modern nutrition allover the world
(Garattini, 2000).

In 1959, theU.S. Food and Drug
Administration (FDA)  classified ~ monosodium
glutamate as generally recognized as safe. Since that,
FDA has sponsored extensive reviews on the safety
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concluded its safety. They noted that doses as high as
2.1 g per kg for 30 days produced no adverse effects
in males when given for a 70 kg male (Beyreuther et
al., 2007).

But accurate information on the daily intake
of specific food additives by individuals is difficult to
obtain especially for food additives that considered
GRAS (generally recognized as safe) and so studying
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their cumulative toxic effects should be a matter of
concern (Fennema, 1987).

So the aim of the present study is concerned
with the possible biochemical, histological and Bax
immunohistochemical changes that may occur in rats'
cerebra and kidneys following short term chronic
toxicity for 28 days of MSG in a dose of 830 mg/kg
that equals 1/20 of oral rat LDsy.

Results of the present study demonstrated
several toxicological consequences in experimental
animals secondary MSG treatment. These findings
included a significant increase in the final total body
weight, in the percent of total body weight gain and
relative kidney weight.

These findings were consistent with the
previous studies concerned with MSG induced
obesity. It was found that monosodium glutamate has
been shown to cause obesity in lab rats by down
regulating hypothalamic appetite suppression and,
thus, increasing the amount of food the lab rats
consumed (Hermanussen et al., 2006).

The negative effects monosodium glutamate
were first observed in newborn mice by Lucas D R
and Newhouse J P, 1957 who noted that monosodium
glutamate induced elevation of glutamate level in the
brain of mice that end in destruction of the neurons
in the inner layers of the retina. Later, in 1969, John
Olney discovered the phenomenon was not restricted
to the retina, but occurred throughout the brain, and
coined the term excitotoxicity (Kandel et al., 2000).

In the present study monosodium glutamate
treatment in a dose of 850 mg/kg has resulted in
variable histopathological changes in the rats cerebra.
These changes were in the form of neurodegenerative
changes with  pyknosis and  vacuolization.
Examination of H&E stained cerebral cortex sections
of MSG treated rats showed most nerve cells
distorted in shape with deeply stained shrunken
pyknotic nuclei surrounded by unstained pale areas
with vacuolization of the neuropile surrounding the
damaged neurons. There was also chroidal plexus
congestion and focal aggregation of glial cells
(Gliaosis and satellitosis).

Satellitosis observed here coincided with
MSG induced neuronal cell death. As satellitosis
means accumulation of neuroglial cells around
neurons; seen whenever neurons are damaged
(Vijayan et al., 1993).

The results of the current study were in
consensus with Martin et al. (2000); Ortiz et al.
(2006); and Pavlovic et al. (2007). They reported
treatment with glutamate as monosodium glutamate
( MSG) induced severe neurochemical damage and
neurotoxic effects on some brain regions.

Excessive accumulation of glutamate in the
synaptic cleft has been associated with excitotoxicity
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(Mallick, 2007). Excitotoxicity is the pathological
process by which nerve cells are damaged and killed
by excessive stimulation by neurotransmitters such as
glutamate and similar substances. This occurs when
receptors for the excitatory neurotransmitter
glutamate (glutamate receptors) such as the N-
methyl- D- aspartate (NMDA) receptor are over
activated.

Excitotoxins like NMDA and kainic acid
which bind to these receptors, as well as
pathologically high levels of glutamate, can cause
excitotoxicity by allowing high levels of calcium ions
(Ca2+) to enter the cell. Ca2+ influx into cells
activates a number of enzymes, including
phospholipases, endonucleases, and proteases
enzymes. These enzymes go on to damage cell
structures such as components of the cytoskeleton,
membrane, and DNA (Fujikawa, 2005).

Moreover, the production of tumor necrosis
factor- & ( TNF- &), an inflammatory mediator, was
significantly increased in rat's brain following
glutamate treatment (Chaparro- Huerta et al., 2005).

Additionally, it was also observed in the
present study that MSG can induce a change in the
pattern of expression of Bax protein in cerebral
tissues.

These results are in agreement with Goa et
al. (2008). They found that glutamate treatment for
neuronal cells resulted in over expression of Bax
protein and neuronal cell death with no effect on Bcl,
expression. These observations could be attributed to
glutamate ability to interact with NMDA receptors
which induces mitochondrial calcium increase, free
Radical generation, activation of proteases,
phospholipases and endonucleases, and the
transcriptional activity of apoptotic programmes
(Pelligrini- Giampetro et al., 1997).

The mitochondria are essential for life.
Without them, a cell ceases to respire aerobically and
quickly dies, a fact exploited by some apoptotic
pathways. Apoptotic proteins that target mitochondria
affect them in different ways. They may cause
mitochondrial swelling through the formation of
membrane pores, or they may increase the
permeability of the mitochondrial membrane and
cause apoptotic effectors to leak out. Mitochondrial
proteins are released into the cytosol following an
increase in permeability. They binds to inhibitor of
apoptosis proteins (IPA) and deactivates them,
preventing them from arresting the apoptotic process
and therefore allowing apoptosis to proceed. IAP also
normally suppresses the activity of a group of
cysteine proteases called caspases, which carry out
the degradation of the cell, therefore the actual
degradation enzymes can be seen to be indirectly
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regulated by mitochondrial permeability (Fesik and
Shi, 2001).

Mitochondrial permeability is regulated by
various proteins, such as those encoded by the
mammalian Bcl-2 family of anti-apoptopic genes.
Bcl-2 proteins are able to promote or inhibit apoptosis
by direct action on mitochondrial permeability where
Bax and/or Bak increase mitochondrial permeability,
while Bcl-2, Bel-xL inhibit it (Dejean et al., 2006).

The present study indicated that MSG
induced marked biochemical and histopathological
alterations in the kidney tissues of rats. There was
affection for both the brain and the kidneys. kidney
damage usually is associated with functional changes
that may have been detrimental to the health status of
the experimental animal. The greater the severity of
the insults the more rapid the progression of neuronal
injury. The principle holds true for toxicological
insult to the brain and other organs (Eweka, 2007).

It may have been inferred from the present
study that prolonged administration and higher doses
of MSG resulted in increased toxic effect on the
kidney that may play a pivotal role in cerebral
damage observed here in the present study.

The observed renal damage was
accompanied with impairment of the renal
biochemical parameters as there was a significant
elevations in the mean values of BUN, serum
creatinine and urinary albumin excretion in MSG
treated rats as compared to control. These findings
indicating impairment of kidney function in rats
treated with MSG.

In this context Attia et al. (2008) found that
administration of MSG resulted in impairment of
some renal biomarkers reflected by the significant
increase in urea and decrease in albumin serum levels.

The significant increase in microalbuminuria
measured by the end of the present study reflecting
changes in glomerular filtration rate, glomerular
impairment and failure of the kidney to retain the
plasma albumin (Abd-Alaziz et al., 2008).

It is generally believed that the increased
urinary albumin excretion in most renal insults is
mostly glomerular in origin. This may be due to
increased intraglomerular pressure, loss of negatively
charged in the basement membrane, and increased
basement membrane pore size (Marshall, 2004).

Furthermore, the biochemical alterations
induced by MSG treatment in the current study were
augmented by the observed histopathological changes
in the examined renal tissues of rats treated with
MSG. These histopathological alterations were in the
form of swelling of the lining epithelium of glomeruli,
hydropic degeneration and vacuolization of the renal
convoluted tubules, blood vessels dilatation and focal
hemorrhage between the degenerative renal tubules.
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Similar Results have been reported by Mitsumari et
al. (1998) and Attia et al. (2008).

Additionally, it was also observed in the
present study that MSG can induce a change in the
pattern of expression of Bax protein in both
glomerular endothelial cells and some tubular
epithelial cells.

The changes of Bax and Bcl-2 expression
have been described in various experimental renal
models; ischemic renal injury, diabetic nephropathy,
and glomerulonephritis (Yang et al., 2001).

Glomerular swelling observed in the current
study could be attributed to a decrease in O, levels
which causes a drop in aerobic respiration. To
maintain ATP levels, the cells must rely more on
glycolysis. Glycolysis leads to lactic acid builds up,
which causes the intracellular pH to drop. An acidic
environment in the cell causes dysfunction of the
Na+/ K+ ATPas and consequent cell swelling due to
an influx of Na+ and H,O. In the present
investigation, many renal tubules of the rat kidneys
showed marked degenerative lesions under the effect
of MSG. This is justifiable since the renal tubules are
particularly sensitive to toxic influences, in part
because they have high oxygen consumption and
vulnerable enzyme systems, and in part because they
have complicated transport mechanisms that may be
used for transport of toxins and maybe damaged by
such toxins. Also the tubule come in contact with
toxic chemicals during their excretion and
elimination by the kidneys (Tisher and Brenner,
1989).

The circulating MSG was dissociated into
sodium (Na) and L- glutamate. A part of the L-
glutamate in the cell conjugates, in order to be
eliminated, and another part is transformed into
glutamine. When this occurs, the cells try to repair
some of the damages by using enzymes that are
present in the smooth endoplasmic reticulum but the
cell is not able to completely remove the excess
glutamine (Singh et al., 2003). Probably for this
reason, the convoluted tubules showed cloudy
swelling.

When L- glutamate arrives in high
concentrations through the renal artery, the kidney
tries to excrete it. The renal corpuscle receives the L-
glutamate through the afferent arteriole, it is absorbed,
filtrated and across the membrane damaging the cell
(Attia et al., 2008).

Alterations in the levels of lipid peroxides
and antioxidants such as reduce glutathione, catalase
and superoxide dismutase were observed in different
organs and systems of adult rat during MSG
treatment (Ahluwalia et al., 1996 and Choudhary
et al., 1996).
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In addition, many glutamate receptors have
been demonstrated outside the CNS (Attia et al.,
2008).

Moreover, NMDA receptors (one of
glutamate receptors) have been found in
extraneuronal tissues, including pancreatic 3 cells, the
male lower urogenital tract, kidneys, lymphocytes,
and megakaryocyte. There is scant evidence
regarding its physiological function in extraneuronal
tissues, especially in the kidneys. overstimulation of
NMDA  receptors can modulate glutamate
postsynaptic  neurotransmission by  generating
Ca®* channel openings, and by overloading (Nagata
et al., 1995) and excessive reactive oxygen species
generation (Conn and Pin, 1997).

Ischemia, followed by reperfusion, impairs
kidneys and contributes to renal dysfunction
(Avshalumov and Rice, 2002). Ischemia-reperfusion
or hypoxia-reoxygenation injury also evokes burst
amounts of reactive oxygen species and
Ca®* overload in damaged renal tubules, triggering
the entry of these tubular cells into apoptotic and
necrotic cell death, and subsequently, to renal
dysfunction (Deng et al., 2002).

In conclusion, short term administration of
MSG to rats induced different toxic effects on both
the cerebra and kidneys of these rats. These toxic
effects manifested by widespread neurodegenerative
changes in the rats's cerebral cortexes, biochemical
elevations of BUN, serum creatinine, and urinary
albumin excretion, and alterations in renal
histopathological architectures. On the other hand,
MSG treatment induced upregulation of Bax protein
(apoptotic inducer) in these tissues. So, we can
concluded that the results of the present study
confirmed the neurotoxic and nephrotoxic effects of
MSG, where Bax protein appeared to have a pivotal
role in MSG induced apoptosis in these organs.

Corresponding author

Marwa A. Abass

Departments of Forensic Medicine and Clinical
Toxicology, Faculty of Medicine, Zagazig University

References:

1.  Abd-Alaziz M A, Hassanin A A, Ashour R H
and El-Attar A A .,2008. the potential
renoprotective effect of selective

cyclooxygenase inhibitors in experimental
diabetic nephropathy. Sau Pharmaceut J., 16:
181-195

2. Ahluwalia, P, Tiwari K and Choudhary P.,
1996. Studies on the effects on monosodium
glutamate (MSG) on oxidative stress in
erythrocytes of adult male mice. Toxicol
Lett.,84: 161- 165.

274

10.

11.

12.

13.

Ankarcrona M, Dypbukt JM, Bonfoco E,
Zhivotovsky  B,Orrnius S, Lipton SA and
Nicotera P.,1998. Glutamate- induced neuronal
death: a succession of necrosis or apoptosis
depending on mitochondrial function. Neuron,
15: 961- 973.

Attia H A, Faddah L M and Yaqub H., 2008.
Trans- retinol precursor and/ or N- acetyl
cysteine  protects against  monosodium
glutamate- induced nephrotoxicity in rats. J
Appl Sci Res., 4: 2108- 2119,

Avshalumov MV and Rice ME., 2002. NMDA
receptor  activation  mediates  hydrogen
peroxide-induced pathophysiology in rat
hippocampal slices. J Neurophysiol., 87: 2896—
2903

Beyreuther K, Biesalski HK and Fernstrom JD.,
2007. Consensus meeting:  monosodium
glutamate - an update”. Eur J Clin Nutr., 61 :
304-13

Bjurosson T D., 1979. Use of serum creatinine
concentration to determine renal function. Clin.
Pharmacol., 28:477-81.

Cekic S, Filipovic M, Pavlovic V, Ciric M,
Nesic M, Jovic Z and Brankovic S .,2005.
Histopathologic changes at the hypothalamic,
adrenal and thymic nucleus arcuatus in rats
treated with monosodium. Acta Medica
Medianae, 44: 35-42

Chaparro- Huerta V, Rivera- Cervantes M C,
Flores- Soto M E, Gomez- Pinedo U and Beas-
Zarate C .,2005. Pro inflammatory cytokines
and apoptosis following glutamate- induced
excitotoxicity mediated by p38 MAPK in the
hippocampus of  neonatal rats. J
Neuroimmunol., 156: 53- 62.

Choudhary P, Malik V B T, Puri S and
Ahluwalia P., 1996. Studies on the effects of
monosodium glutamate on hepatic microsomal
lipid per oxidation, calcium, ascorbic acid and
glutathione and its dependent enzymes in adult,
male mice. Toxicol Lett., 89: 71- 76.

Conn PJ and Pin JP. , 1997. Pharmacology and
functions  of  metabotropic  glutamate
receptors. Annu Rev Pharmacol Toxicol., 37:
205-237,

Dean AG, Dean JA, Coulombier D and Brendel
K A., 2000. Epi-Info (6.1): A word processing
data base and statistical program for
epidemiology and micro- computer office,
Center for disease control, Atlanta Georgia,
USA.

Dejean LM, Martinez-Caballero S, Manon S,
Kinnally KW., 2006. Regulation of the
mitochondrial  apoptosis-induced  channel,



Journal of American Science, 2011;7(8)

http://www.americanscience.org

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

MAC, by BCL-2 family proteins. Biochim
Biophys Acta, 1762: 191-201

Deng A, Valdivielso JM, Munger KA, Blantz
RC and Thomson SC., 2002. Vasodilatory N-
methyl-D-aspartate receptors are constitutively
expressed in rat kidney. J Am Soc Nephrol., 13:
1381-1384

Diniz YS, Fernandez- Aah, Campos- Ke and
Mani- F., 2004. Toxicity of hypercaloric diet
and monosodium glutamate : Oxidative stress
and metabolic shifting in hepatic tissue . Food
Chem Toxicol., 42:313- 319

Eweka A O., 2007. Histological studies of the
effects of monosodium glutamate on the kidney
of adult Wistar rats. The Int J Health, 6 :211-
215.

Eweka AO, Igbigbi PS and Uchey RE., 2011.
Histochemical studies of the effects of
monosodium glutamate on the liver of adult
Wistar rats. Ann Med Health Sci Res., 1:21-29
Farmobi EO and Onyemia 0OO., 2006.
Monosodium glutamate- induced oxidative
damage and genotoxicity in the rat: Modulatory
role of vitamin C, vitamin E and quercetin.
Hum Exp Toxicol., 25:251:259

Fennema RO., 1987. Food additives: an
unending controversy. Am J C/ in Nutr., 46: 1-
3.

Fesik SW, Shi Y., 2001.Controlling the
caspases". Science, 294: 1477-8

Fujikawa, DG., 2005. Prolonged seizures and
cellular injury: understanding the connection.
E&B 7: S3-11

Gao M, Zhang W-c, Liu Q-s, Hu J-j, Liu G-t
and Du G-h., 2008. Pinocembrin prevents
glutamate-induced apoptosis in SH-SY5Y
neuronal cells via decrease of bax/bcl-2 ratio.
Eur J Pharmacol., 591: 73-79.

Garattini S.,2000. glutamic acid, twenty years
later. J Nutr., 130: 901S:-909S

Hermanussen M, Garcia AP, Sunder M, Voigt
M, Salazar V, Tresguerres JA. ,2006. Obesity,
voracity, and short stature: the impact of
glutamate on the regulation of appetite. Eur J
Clin Nut., 60: 25-31

Institute of Laboratory Animal Resources,
Commission on Life Sciences, National
Research Council, 1996. Guide for the Care
and Use of Laboratory Animals. pp.21-55,
National Academy Press, Washington, D.C,
http://www.nap.edu/ openbook.php

Kandel ER, Schwartz JH, and Jessel TM,,
2000. Principles of Neural Science, 4" ed., pp.
928, McGraw Hill

Kaplan A., 1965. Urea Nitrogen and Urinary
Ammonia. In Standard Methods of Clinical

275

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

Chemistry. Meites S., (ed.), pp. 245- 256.
Academic Press, New York.

Kelekar, A. and Thompson, C.B., 1998. Bcl-2
family proteins: the role of the BH3 domain in
apoptosis. Trends Cell Biol., 8:324-30.

Mallick HN. 2007. Understanding of glutamate

safety in food and brain. Ind J Physiol
Pharmacol., 51:216-234
Marshall SM.,2004. Recent advances in

diabetic ne-phropathy. Postgrad Med J., 80:
624-33.

Martin LJ, Siebber FE and Traystam RJ., 2000.
Apoptosis and necrosis occur in separate
neuronal populations in hippocampus and
cerebellum after ischemia and are associated
with differential alterations in metabotropic
glutamate receptor signaling pathways. J Cereb
Blood Flow Metab., 20: 153-167

Mitsumari K, Shibutani S, Sato S, Ondoera H,
Nacagawa J, Hayashi Y and Ando M., 1998.
Relationship between the development of
hepatorenal toxicity and cadmium
accumulation in rats. Arch Tox., 72:545- 552
MorenoG, Perello M, Gaillardand RC and
Spine E (2005): Orexin a stimulates
hypothalamic- pituitv- adrenal ( HPA) axis
function, but not food intake in the absence of

full  hypothalamic NPY- ergic activity.
Endocrine, 26: 99- 106.
Nagata O, Li WM and Sato A,

1995. Glutamate N-methyl-D-aspartate
(NMDA) and non-NMDA receptor antagonists
administered into the brain stem depress the
renal sympathetic reflex discharges evoked by
single shock of somatic afferents in
anesthetized rats. Neurosci Lett., 201: 111-114
Nwaopara A O, Anyanwu L C, Oyinbo C A
and Anaikot | C., 2004. The histological
changes in pancreas of Wister rats fed with
diets containing Yaji (local meat sauce). J Exp
Clin Anat., 3: 44- 47.

Nwaopara A O, Oyinbo M A C, Ikhuoriah T A
and Anyanwu L C., 2007a. Potential health
hazards in Yaji: The complex suya meat sauce.
Medilink J., 8: 34- 38.

Nwaopara A O, Odike M A C, Inegbenebor U
and Adoye M 1., 2007b. The combined effects
of excessive consumption of ginger, clove, red
pepper and black pepper on the histology of the
liver. Pak. J Nutr.,6:524-527.

Nwaopara A O, Odike M A C, Inegbenebor U,
Nwaopara S O and Ewere G I, 2008a. A
comparative study on the effects of excessive
consumption of ginger, clove, red pepper and
black pepper on the histology of the Kidney.
Pak J Nutr., 7: 287- 291.



Journal of American Science, 2011;7(8)

http://www.americanscience.org

39.

40.

41.

42,

43.

44,

45.

46.

Nwaopara A O, Odike M A C, Inegbenebor U,
Nwaopara S O and Ekhoye E 1., 2008b. A
comparative study disorders on the effects of
excessive consumption of ginger, clove, red
pepper and black pepper on the histology of the
Heart. Electronic J Biomedic., 3: 61- 64.

Ortiz G. G., OK. Bitzer- Quintero, C. Beas-
Zamte, S. Rodriguez- Reynoso and F. Larios-
Arceo., 2006. Monosodium glutamate- induced
damage in liver and kidney: A morphological
and biochemical approach. Biomed
Pharmacother., 60: 86- 91

Osfor M, EI- Desouky SA EI- Leithy NA .
1997. Effect of dietary intake of monosodium
glutamate on some nutritional and biochemical
traits in albino rats. Eg J comp path Clin path.,
10: 131- 139

Pavlovic V, Pavlovic D, Kocic D, Sokolovic D
and Jevtovic-Stoimenov J 2007. Effect of
monosodium glutamate on oxidative strewss
and apoptosis in rat thymus. Mol Cell
Biochem., 303:161:166

Pellegrini-Giampietro D E, Gorter J A, Bennett
MV and Zukin R S., 1997. The GIuR2 (
GluR-B  hypothesis: Ca( 21)- permeable
AMPA receptors in neurological disorders.
Trends Neurosci., 20: 464— 470.

Richard J and Lewis S., 1990. Monosodium
glutamate. In: Food Additives Handbook.
pp-318. Kluwer Academic Publisher.
Schosinsky KH, Verges M, Esqulvel A L, and
Chavarria M A, 1987. Simple
spectrophotometric determination of urinary
albumin by dye-binding with use of
bromphenol blue. Clin Chem., 33:223-26.
Schwartz J R., 2004. In bad taste, the MSG "
syndrome™ MSG. the 5" Annual Conference of
the Weston A. Price Foundation.

7/2/2011

276

47,

48.

49,

50.

51

52.

53.

54.

Singh P, Mann K A, Mangat H K and Kaur G.,
2003.  Prolonged glutamate excitotoxicity:
effects of mitochondrial antioxidants and
antioxidant enzymes. Mol Cell Biochem., 243:
139- 145.

Stine E K and Brown MT., 2006. Cellular sites
of action. In: principles of Toxicology. 2" ed.
pp.49-72. CRC Taylor & Francis

Tisher C C and Brenner B M., 1989. Renal
Pathology with Clinical and Functional

Correlation. Volume (1) J. B. Lippincott
Company. Philadelphia.

Vijayan VK, Zhou SS, Russell MJ, Geddes
J,Ellis W andCotman CW  .,1993.

Perineuronal satellitosis in the human
hippocampal formation. Hippocampus., 3:239-
50.

Vindini NA, Nayantara AK, Ramaswamy C,
Gowda D, Ahmed B and Bhat R., 2010. Study
on evaluation of monosodium glutamate
induced oxidative damage on renal tissue on
adult Wistar rats. J Chin Clin Med., 3:112-115
Wilson | and Gamble M., 2002. The
hematoxylins and eosins, In: Theory and
practice of histological techniques, Bancroft JD
and Gamble M (eds.), 5" ed., Churchill
Livingston, Elservier Science Limited, London,
UK, pp. 125-138.

Yang B, Johnson TS, Thomas G, Watson PF,
Wagner B, Skill NJ, Haylor JL and EI- Nahas
AM., 2001. Expression of Apoptosis-Related
Genes and Proteins in Experimental Chronic
Renal Scarring J Am Soc Nephrol.; 12:275-288
Zhang TJ, Hang J, Wen DX, Hang YN, Sieber
FE.,2006. Hippocampus bcl-2 and bax
expression and neuronal apoptosis after
moderate hypothermic cardiopulmonary bypass
in rats. Anesth Analg.; 102:1018-25.



