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Abstract:

Monosodium glutamate is wider used for additive and as a flavor enhancer. This study aimed to
evaluate the effect of MSG on liver and kidneys of albino mice by measuring of biochemical parameter
(ALT, AST, Urea and Creatinine) , (body , liver and kidney) weight were measured in this study and
histological examination of liver and kidneys tissues, twenty albino mice were used in this present which
randomly divided in to two group, the experimental group (10 mice) received MSG 100 mg /kg daily for
30 days, the results showed significance increase in the body weight in MSG treated group compared to
the control group, MSG cause increases in liver and kidney weight in treated group compared to the
control group. The results also showed significant increase in ALT and AST in treated group compared
to the control group, also the urea and creatinine increased in experimental group compared to control
group. The histological examination of liver tissues showed mild inflammation of portal area, necrosis
in the hepatocytes, abnormal hepatic parenchyma architecture, congested hepatic vein and dilated central
hepatic vein, while the, histological examination of kidney tissues shows hydropic degeneration of tubular
cells of the kidney dilated tubules of kidney hyalinization and hyaline cast of renal tubules, interstitial
mononuclear” inflammatory cells and partial sclerosis of glomerulus.
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Introduction:

Monosodium glutamate (MSG) also known as Ajinomoto (Eweka et al., 2011). MSG is the
sodium salt of glutamic acid, a non-essential amino acid, found in some foods like tomatoes, milk and
cheese and produced in the human body in small amounts (Walker and Lupien 2000). It is found
naturally in many peptides and proteins of most tissues. Monosodium glutamate plays an important role
in the metabolism of human body (Schaumburg et al., 1969). Monosodium glutamate differ other known
four classic tastes of salt, bitter, sweet and sour, it enhances a complex flavors of vegetable and meet and
is commonly used in Chinese and Japanese foods and is commercially used worldwide in many types of
foods (Rogers et al., 1990). Monosodium glutamate is a stable colorless in solid form that is degraded by
strong oxidizing agents. MSG also stimuluses appetite and promotes body weight gain (P. Johnson 1995).

Liver is the largest gland in the mammalian body, the liver cell has metabolic functions that
manage very important processes such as detoxification, deamination, transamination, removal of
ammonia from the body by synthesis of urea, biosynthesis of the non-essential amino acids and plasma
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proteins, glycogenesis, glycogenolysis, gluconeogenesis, synthesis of lipoproteins, phospholipids and
cholesterol (D. Nelson and M. Cox 2000). Hepatocytes also store the iron in the form of ferritin as well
as store vitamins A, B12 and D (A. Go Wenlock 2000). There are several enzymes that can evaluate
hepatic state such as alanine amino transferase (ALT) and aspartate amino transferase (AST) (C. Burtis
and E. Ashwood 1999; L. Stryer 1995).

The Kidneys are paired organs situated in the posterior abdominal wall, their major functions include the
elimination of toxic metabolites and waste products out of the blood. They also play an essential role in
the fluid and electrolytes balance in the mammalian body. Routine testing of the urine (urinalysis) and
measurement of blood urea and serum creatinine can give good idea about the functions of the kidney (R.
Montgomery et al., 1990; Garattiini S 2000). Monosodium glutamate is metabolized in liver and the
kidney play a central role in its elimination (Adrienne 1999).

MSG could produce symptoms such as weakness, numbness, sweating, flushing, headaches and
dizziness. In addition, ingestion of MSG has been found to cause or exacerbate asthma and atopic
dermatitis (Eweka and Adjene 2007). Monosodium glutamate causes retinal degeneration, endocrine
diseases, stroke, addiction, epilepsy, neuropathic pain, anxiety, schizophrenia and depression, MSG can
also cause Alzheimer's disease, Parkinson's disease and other neurological disorders (Singh and
Ahluwalia 2003; A. Leung and S. Foster 1996). Chinese restaurant syndrome is a constellation of
symptoms including chest tightness, headache and flushing of face, the syndrome was firstly described in
1968 and caused by eating food that had been treated with MSG (Schaumburg et al., 1969). The current
research work is carried out to study the histological and biochemical changes in the liver and kidneys of
adult mice treated with monosodium glutamate (100 mg / kg B.W)

1. Materials and methods:
a. Animals:

A twenty albino mice were used in the current study, their weight ranged from 20-25 gm. The animals
were housed in cages in animal house of Al- Kut technical institute and left it 2 weeks for adapt before
investigation. Animals were kept at a suitable temperature 22 £2 C and natural photoperiod state and has
free access to food and water during the course of the experiment.

b. Chemical:

The chemical used monosodium glutamate (CSHONO4Na) purity 99% NT, it was sold from Baghdad.
Other chemical were used in an investigation methylene blue, xylene, hematoxylin, eosin, paraffin,
formalin, Canada balsam, normal saline and absolute alcohol.

c. Experimental design:

The investigated lasted for 30 days. The mice are divided randomly in to two groups:

Group I: The control group (10 mice) in which animals were only administrated distilled water along
with regular diet.

Group II: The experimental group (10 mice) in which animals were administrated orally the therapeutic
dose of monosodium glutamate (100 mg / kg body weight) daily for 30 days.

d. Body weight:

e. The body weight of animals is taken at the beginning of experiment and in the end of treatment by
using electrical balance. While liver and kidney weight which taken at the end of experiment after
the animals dissected from control and treated groups by using electrical balance.
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f. Blood collection:

At the end of treatment period the animals were dissected and the blood collected from heart
directionally and then collected in jelly tube. Serum was separated by centrifugation at 3000 rmp for 10
min and stored -20 C° to be used for measurement blood urea, serum creatinine, serum alanine
aminotransferase (ALT) and aspartate aminotransferase (AST).

g. Histopathological finding:

After dissection, kidneys and liver were removed immediately and fixed in 10% formal saline. After
fixation, kidneys and liver 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.

h. Statistical Analysis

Statistical significance on the dose 25 mg/kg b.wt was taken at P<0.05 by using SPSS analysis system

and were presented as mean + SD (Dean et al., 2000).

2. Results:

Table (1) explained the effect of administration of MSG on body weight of albino mice , the result
showed a significant increase in body weight of treated animals (32.3 + 3.83) compared to control group
(27.2 £ 2.25) and showed a significant increase in the liver weight of the mice which treated with
monosodium glutamate and have means (1.39 £ 0.03), (3.03 + 0.41 ) in control and treated group
respectively , the result also showed a significant increase in kidney weight which observed in treated
group compared to control group and have mean( 0.40 = 0.03) , ( 0.47 £ 0.06) of control and experimental
group respectively.

Table (1) show the effect of monosodium glutamate on body weight and liver and kidney weight
on male albino mice.

Groups Body weight (gm) | Liver weight (mg) | Kidney weight (gm)
Group I (control) 27.2 £2.25 1.39 +0.03 0.40 + 0.03
Group 11 32.3 +3.83* 3.03 +0.41* 0.47 £ 0.06*

* refer to significant differences groups at level p < 0.05

Table (2) showed the effect of monosodium glutamate on urea level that were measured in serum sample.
A significant increase in the urea was observed in the MSG-treated group compared to the control group.
Urea had activities means of (43.3 £ 12.6 - 63.1 £ 23.5) U/L in serum of the control and MSG treated
mice respectively. Also there was a significant increase in serum creatinine was observed in the MSG-
treated group compared to the control group. Creatinine had activities means of (0.32 = 0.08 - 0.49 = 0.19)
U/L in serum of the control and MSG treated adult mice respectively (table 2).

Table (2) show the effect of monosodium glutamate MSG on blood urea and serum creatinine

Groups Blood urea (mg/dl) Serum creatinine (mg/dl)
Group I (control) 43.3 £12.6 0.32+0.08
Group I1 63.1+23.5* 0.49+0.19*

* refer to significant differences between groups at level p < 0.05
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Table (3) show the effect of monosodium glutamate on activities of ALT enzyme that were measured
in serum sample. A significant increase in ALT and AST of treated group compared with control group.
Alanine aminotransferase (ALT) had activities means of (33.5 = 9.6 - 57.3+ 24.4) U/L in serum of the
control and MSG treated adult mice respectively. While highly significant increases in the serum aspartate
aminotransferase was detected in the MSG-treated group compared to the control group. Aspartate
aminotransferase (AST) had activities means of (60.0 £ 7.02 - 374.9 = 103) U/L in serum of the control
and MSG treated adult mice respectively (table 3).

Table (3) show effect of monosodium glutamate MSG on serum alanine aminotransferase (ALT)

Groups ALT AST
Group I (control) 33.5+9.6 60.0+ 7.02
Group I1 57.3+ 24.4* 374.9+ 103**

and serum aspartate aminotransferase (AST)
* refer to significant differences between groups at level p < 0.05
**refer to highly significant differences between groups at level p < 0.05

1. Histopathological observation:

The histological examination of liver section of the control group showed central vein with normal
hepatic cords composed of one layer hepatocytes, in addition to normal appearing portal tract (picture 1)
while the histological examination of liver of the treated mice with monosodium glutamate (MSG) for 30
days, showed mild inflammation of portal area, necrosis in the hepatocytes, abnormal hepatic parenchyma
architecture, congested hepatic vein, dilated central hepatic vein, (pictures 2,3,4,5,6).

The kidneys of mice of control group showed normal histological picture while histological
observation of kidneys of the mice after 30 days of treatment showed hydropic degeneration of tubular
cells of the kidney, dilated tubules of kidney, interstitial mononuclear inflammatory cells, partial sclerosis
of glomerulus, degenerative changes of renal tubules and hyalinization and hyaline cast of renal tubules
7,8,9,10,11, 12, 13).

picture (1): photomicrograph of liver section of control group show central vein with normal
hepatic cords composed of one layer hepatocytes, in addition to normal appearing portal tract....
10x10 (H&E)
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picture (2): photomicrograph of liver section of experimental group treated with 100 mg/kg body
weight of MSG for 30 days (40x10) show mild inflammation of portal area (H&E).

picture (3): photomicrograph of liver section of experimental group treated with 100 mg/kg body
weight of MSG for 30 days’ show necrosis in the hepatocytes in the right side of the picture
(arrow) (H&E)

picture (4): photomicrograph of liver section of experimental group treated with 100 mg/kg body
weight of MSG for 30 days showed abnormal hepatic parenchyma architecture.10x10 (H&E )
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picture (5): photomicrograph of liver section of experimental group treated with 100 mg/kg body
weight of MSG for 30 days showed congested hepatic vein. (40x10) (H&E)

.

Picture (6): photomicrograph of liver section of experimental group treated with 100 mg/kg body
weight of MSG for 30 days’ showed dilated central hepatic vein...(40x10) (H&E)

Picture (7): photomicrograph of kidneys section of control group showed normal appearing
glomeruli and tubules of the kidney...(4x10) (H&E)
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Picture (8): photomicrograph of kidney section of experimental group treated with 100 mg/kg
body weight of MSG for 30 days showed hydropic degeneration of tubular cells of the kidney
(40x10) (H&E)
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Picture (9) photomicrograph of kidney section of experimental group treated with 100 mg/kg
body weight of MSG for 30 days showed dilated tubules of kidney...(40x10) (H&E)

Picture (10) photomicrograph of kidney section of experimental group treated with 100 mg/kg
body weight of MSG for 30 days’ showed hyalinization and hyaline cast of renal tubules....
(40x10) (H&E)
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Picture (11) photomicrograph of kidney section of experimental group treated with 100 mg/kg
body weight of MSG for 30 days showed interstitial mononuclear inflammatory cells...(40x10)
(H&E)

Picture (12) photomicrograph of kidney section of experimental group treated with 100 mg/kg
body weight of MSG for 30 days showed partial sclerosis of glomerulus (arrow) (40x10) (H&E)

Picture (13) photomicrograph of kidney section of experimental group treated with 100 mg/kg
body weight of MSG for 30 days showed degenerative changes of renal tubules (40x10) (H&E)
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3. Discussion:

The results showed significant increase in the body weight which observed in treated group compared
with control group, MSG intake could induce an increase in energy intake (Bergen 1998) which could
lead to obesity (S. Mozes et al., 2004) or alter the levels of carbohydrates, lipids and proteins in rats (Y.
S. Diniz et al., 2004). Our results agree with the previous work of Oluba et al., 2011, who find the
constipation of monosodium glutamate increases body weight gain.

Our results show significant increase in the weight of liver and kidney of treatment group compared to
the control group, thus attributed to the increase in activity on inflammatory agent that have results to
inflammation of liver and kidney tissues (J. S. Park et al., 2000.)

The results of this study is consistent with a study showed hepatic impairment and elevated liver enzymes
in rats after MSG administration for 14 days (Tawfik, and Al-Badr, 2012). The results were also
consistent with other studies revealed increased level of ALT in MSG- treated rats with possibility of
oxidative stress induced liver injury (E. O. Farombi and O. O. Onyema 2006). The increases of the
levels of serum ALT and AST observed in the monosodium glutamate treated mice might be indicator of
liver damage (Tawfik, and Al-Badr, 2012; M. Al-Mamary 2002). The possible mechanism behind the
increase of ALT and AST could be due to damage of liver cells with accompanying release of ALT and
AST enzymes because of overload of ammonium ions that occurs due to elevated level of glutamate after
MSG intake (Tawfik, and Al-Badr, 2012). Ammonium ion overloads can also trigger the formation of
oxygen free radicals, which react with poly-unsaturated fatty acids of the cell membrane resulting in
impairment of plasma and mitochondrial membranes and thus leakage of liver enzymes like ALT and
AST (Poli et al., 1990).

The present study showed significant elevation in blood urea and serum creatinine when compared with
the control group. These increases in renal indices might be resulted from changes in the tubular
reabsorption threshold, degenerative changes of renal tubules, renal blood flow and glomerular filtration
rate (El-Sheikh and Khali 2011). Our results are consistent with (Tawfik, and Al-Badr, 2012), who
found elevated blood urea and serum creatinine in monosodium glutamate in treated rats. Exposure to
MSG can cause an adverse effect on the kidney function which might as a result of oxidative stress caused
by MSG on the renal tissue.

Microscopic examination of the liver specimen of the mice of MSG group after 30 days of treatment
showed variable pathological changes including mild inflammation of portal area (picture 2), this finding
was also reported (Bhattacharya et al., 2010) who found infiltration of inflammatory cells in portal area
in the liver of albino mice treated with MSG. Our study showed necrosis in hepatocyte (picture 3), this is
consistent with (Kumbhare et al., 2015) who found focal necrosis of the hepatic cells in albino rats treated
with monosodium glutamate for 45 days. Other studies also showed similar finding (Hanaa, Saleh 2006;
Waer 2006), we also found in this study abnormal hepatic parenchyma architecture (picture 4) which is
in agreement with (EI-Meghawry et al 2013) who reported severe architectural distortions of the liver
cells of MSG-treated rats for 45 days. Distortion of hepatic architecture were also reported by other studies
(Hanaa, Saleh 2006; Waer 2006), The effects of MSG on the hepatic tissue also resulted in congested
hepatic vein (picture 5) and dilated central hepatic vein (picture 6). Similar results were also reported by
others (Eweka et al 2011; El-Sheikh and Khali 2011; Bhattacharya et al 2010) Regarding the
histopathological changes in renal tissue, the present study revealed normal histological picture of the
control group (picture 7), while in MSG-treated mice, the study showed variable histopathologic changes
including degenerative changes of renal convoluted tubules (picture 8,13) dilated convoluted tubules
(picture 9), hyalinization and hyaline cast of renal tubules (picture 10). These observations were similar
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to these reported by Amal et al., 2012. They also found marked degenerative changes on many renal
glomeruli and tubules which is explained by the toxic effects of MSG on renal tubules Tisher and
Brenner (1989). Amod Sharma (2013) found the hyaline casts with the flattening of the tubular epithelial
cells in both MSG-treated and control groups. The finding of moderate mixed inflammatory cell infiltrate
in the renal tissue (picture 11) reported by this study was also reported by other studies (Abd El-Mawla
and Osman 2011; Abass and Abd El-Haleem 2011) that found inflammatory cell infiltration in the renal
tissue. This observation indicates that the MSG administration can induce inflammatory process in the
kidneys. (picture 12) show partial sclerosis of the glomerulus, this reported with Thomas et al., (2009);
Dixit et al., (2014).
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