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ABSTRACT
Background: Monosodium glutamate is widely used as flavor enhancer/food additive. Many studies confirmed toxicity 
of monosodium glutamate even if in low concentrations especially in hepatic and renal organs. Therefore, our study aimed 
to examine ameliorative role of Nano-cerium oxide and L-arginine and their combination on the hepatic and renal toxicity 
induced by monosodium glutamate.
Materials and Methods: Fifty mice were divided into five groups; 1st group served as control group; 2nd group treated 
oral with monosodium glutamate; animals of the 3rd group were administrated with monosodium glutamate and L-arginine. 
The 4th group was treated with monosodium glutamate and Nano-cerium oxide; and mice of the 5th group were treated 
with monosodium glutamate, L-arginine and Nano-cerium oxide. After 14 days, hepatic and renal tissues were removed for 
histological and histomorphometrical examinations 
Results: Histological examination revealed hepatic and renal damages for animals treated with monosodium glutamate as 
well as highly significant declining of DNA content compared to control group. Administration of Nano-cerium oxide or 
L-argentine alone induced ameliorations of the hepatic and renal injuries induced by administration of monosodium glutamate 
but some pathological alterations still present. It also caused moderate improvement in the DNA content but still not reaches 
to normal value. Combined administration of Nano-cerium oxide and L-arginine caused marked ameliorations of the hepatic 
and renal changes induced by monosodium glutamate.
Conclusions: The combined uses of L-arginine and Nano-cerium oxide more effective in preventing the hepatic and renal 
toxicity induced by monosodium glutamate in male albino rats than when they uses separately.
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INTRODUCTION                                                                          

Monosodium glutamate is the sodium salt of the amino 
acid glutamic acid and is considered as one of most food 
additives/flavor enhancer[1] to intensify the meaty, savory 
flavor of food[2]. Naturally, glutamic acid (glutamate), 
can locate in many types of foods as meat, seafood (fish), 
milk, cheeses, poultry and some vegetables[3], and also is 
present in most tissues while commercially is made from 
the fermentation of molasses, and present in fermented 
proteins, as soy sauce and hydrolyzed vegetable protein[4] 
It also now produced in commercial quantities by bacterial 
fermentation[5].

Monosodium glutamate is considering as most common 
a food additive that is selling in many countries with trade 
names Ajinomoto, Chinese salt, and E621. It is usually used 

in many food products such as noodles, flavored potato 
chips, many food snacks, canned sauces or soups, marinated 
meats, frozen foods and stuffed or prepared chicken[5-6]. In 
addition to, it greatly utilize within home and food industries, 
as well as fast foods and restaurant cooking[6-7]. Daily dietary 
composition of glutamate varies from one race to another, 
as daily oral consumption ranges from 0.5 mg/kg amongst 
Americans and over 3g/kg in Taiwanese diets[8-9]. However, 
oral consumption of monosodium glutamate in mice at 
doses within the Acceptable Daily Intake (0.5, 1.0 and 1.5 
mg /kg BW)) were promoted hepatic and renal injuries[10]. 
Experimental studies were reported renal toxicity (4mg/
kg.bw) and hepatotoxicity (5mg/kg.bw) of monosodium 
glutamate at low concentration as evidences by histological, 
immumohistochemical and ultrastructure[11-12]. Likewise, 
Kumbhare et al.[13] stated that monosodium glutamate at the 
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dose 3 mg / kg bw induced conspicuous pathological lesions 
in the hepatic tissue when it was administrated orally for 45 
successive days.

Recently, nanotechnology has been interested with 
biomedical research[14-15] for example, One of the most 
interesting nanomaterial is cerium oxide nanoparticles[16]. 
Cerium oxide nanoparticles formed of cerium atoms bind with 
oxygen atoms, and widely used in commercial, industrial, and 
biological applications[17-18]. It common applied in different 
applications as therapy applications[16], producing oxygen 
sensors[19] automotive catalytic converters[20]  and so on, 
these referred to due to its catalytic properties[16], as well as 
its redox capability, and antioxidant properties that scavenge 
free radicals[21] and protect against oxidative stress[22].

Safety of cerium oxide nanoparticles was recorded by, 
several studies as[23], who reported non-toxicity of 2,000 
mg/kg body weight of  cerium oxide nanoparticles oral 
administrated per daily. Also, non-toxicity of cerium oxide 
nanoparticles on rat retina cells[24], and macrophages[25], 
and were also approved.  Similarity, Khorrami et al.,[26], 
showed that cerium oxide nanoparticles have antioxidant 
activity caused no significant changes in the activity of 
hepatic enzymes, hepatic and renal histopathology and 
hematological parameters, as well as significantly improved 
serum redox status, oxidative stress markers when animals 
treated intraperitoneally with cerium oxide nanoparticles 
in dose 50,100, 200, and 400 mg/kg in 14 consecutive 
days. Moreover, Srinivas et al[27] also stated that cerium 
oxide nanoparticles did not cause any unsafe effects on 
hepatic and renal functions as well as hematology in rats 
treated with cerium oxide at14-day. Likewise, Amiri,                                                            
et al.,[28] cerium oxide nanoparticle at dose 100 μg/kg for 
3 days, intraperitoneally decline malondialdehyde level, 
elevate GSH level and decreased hepatic enzyme levels 
in Cyclophosphamide-treated mice. He reported also that 
cerium oxide nanoparticle pretreatment could be alleviated 
the immunoreactivity of caspase-3 in cyclophosphamide 
-treated mice compared with the Cyclophosphamide group.

L-Arginine is one of the major amino acid in the diet of 
human, and is abundant in natural foods as dairy products, 
nuts, sea foods, wheat flour, and seeds. It consider as 
essential biologically compounds in cellular homeostasis 
and function. L-Arginine considered as a principle source 
for nitric oxide (NO) generation through NO synthase 
(NOS)[29-30] In experimental animals, different benefits effect 
of L-Arginine as enhancement of renal function markers, 
cardiovascular (Popolo, 2014)[31], and enhances the immune 
status)[32] were reported. Elbassuonia, et al.,[33], stated that 
L-Arg (200 mg /kg body weight) has high ability to suppress 
the high food intake and gain of body weight induced by 
ingestion of monosodium glutamate (35 mg/kg/d) as well as 
prevent histological lesions in hepatic and renal of animals 
treated with monosodium glutamate. 

Moreover, supplementation of arginine in diet of female 
mice, prevent inflammation and development steato-
hepatitis in alcoholic model[34]. It also prevents renal toxicity 

of ethanol as manifested by morphological and histological 
studies in male rats[35]. Similarity, Badawoud1 et al.,[36]

reported that L-arginine at dose level 378 mg/rat/day for 
4 weeks has effective ability to improve biochemical and 
histological changes in 5- 5-fluorouracil nephrotoxicity, as 
glomerulus sclerosis, degeneration of convoluted tubules 
and interstitial fibrosis.

Therefore, current work aimed to examine ameliorative 
role of Nano-cerium oxide, L-arginine and their combination 
on the hepatic and renal toxicity of monosodium glutamate 
in male Swiss albino mice using histological, as well as 
histochemistry examinations and histomorphometrical 
analysis.

MATERIALS AND METHODS                                             

2.1. Chemicals
1.	 Monosodium Glutamate (MSG) salt (Shanghai 

Bio Life Science & Technology Co., Ltd. (China))  
was fresh prepared by dissolved in distilled water 
to prepare desired dose 4mg/kg.bw according to   
Eman et al.,[11] for oral administration by oral gavage 
via metal intragastric tube for 14 days.

2.	 Cerium oxide nanoparticles (Sigma Aldrich (St. 
Louis, MO, USA)), its particle size was Nano 
powder, <25 nm. It was freshly prepared in distilled 
water before uses to prepared used dose (0.5 mg/ 
kg, orally, antioxidant treatment dose) according to 
Hirst et al.,[25]

3.	 L-Arginine (Cayman chemical company, USA) 
was fresh prepared by dissolved in distilled water 
to prepare desired dose 100mg/kg.bw according to   
Sánchez-Fidalgo, et al.,[37] to administrate orally by 
oral gavage via metal intragastric tube for 14 days.

2.2. Animals and experimental design
Fifty male Swiss albino mice aged 9 – 12 weeks and 

weight 25 -30 g were used in our study. They were obtained 
from the animal house of National Organization for Drug 
Control and Research (NODCAR) in Giza, Egypt. Mice 
were kept in plastic cages and supplied with standard 
commercial diet pellets and water that Ad-labium for 7 days 
to be accommodated with our laboratory conditions before 
treatment under proper conditions of light and temperature.

All male Swiss albino mice were grouped and housed 
in according to the guidelines of the institutional animal's 
ethics committee of national organization for drug control 
and research (NODCAR). In addition to, All experimental 
procedures were conducted in accordance with the ethical 
standards and were approved by the Institutional Animal 
Care and Use Committee (IACUC) at NODCAR (approval 
no. NODCAR/III/41/2019). Experimental animals were 
classified into the five groups, each group formed of 10 
animals as follow:

Group I (Control group): animals treated orally with 
distil water (1ml/kg.bw/ daily)
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Group II (Glutamate treated group): Each mouse 
was orally administrated with monosodium glutamate                                            
(4 mg/kg. bw.) according to Eman E. Ragab, 2018[11]

Group III (Glutamate-Cerium treated group): Mice 
were orally administrated with both monosodium glutamate 
(4 mg/kg bw) and Nano-cerium oxide (0.5 mg/ kg, orally, 
antioxidant treatment dose) according to Hirst et al.,[25].

Group IV (Glutamate-Arginine treated group): 
animals in this group simultaneous orally administrated 
with monosodium glutamate (4 mg/kg bw) and 
L-arginine (100mg/Kg bw) freshly prepared according to                                                       
Sánchez-Fidalgo, et al.,[37].

Group V (Glutamate- Arginine-Cerium treated group): 
Each mouse was orally administrated with monosodium 
glutamate (4 mg/kg bw), L-arginine (100mg/Kg bw) and 
Nano-cerium oxide (0.5 mg/ kg, orally).

The experimental period was 14 days and at the end of 
the experimental periods, The animals are euthanized after 
24 h of the last dose by decapitation after  intraperitoneal 
injection of Sodium pentobarbital (50 mg /kg) dissection 
and freshly removed hepatic and renal tissues were freshly 
collected to preserve in 10% formalin for fixation for light 
microscopically examinations as:

1.	 Histological and histochemistry examinations

2.	 Histomorphometrical analysis

1. Histological and histochemical investigations
After 48 hours from fixation in10% formalin, the 

specimens of renal and hepatic were washed, dehydrated in 
ascending grades of alcohol, cleared in xylene and embedded 
in paraffin wax. Five micron thick paraffin sections were 
prepared, mounted on clean slides and stained with Ehrlich's 
haematoxylin-eosin for histological study[38], and Feulgen’s 
reaction to demonstrate DNA content[39].

3. Histomorphometrical analysis 

The percentage areas of DNA content in hepatocyte of 
hepatic and epithelial cells lining real tubules of renal were 
measured using an objective lens of magnification X40, i.e. 
of total magnification X400. The intensity of DNA content 
were measured from randomly 10 hepatocyte in hepatic 
tissues/epithelial cells lining real tubules for randomly 
selected ten fields of hepatic and renal sections stained with 
feulgen’s stain in each experimental groups using J-image 
program. Then and the mean values were calculated.

Statistical analysis
All values were expressed as mean ± SD (stander 

division) for ten samples for each group. Values of p < 0.05 
were considered statistically significant. P value ≥ 0.05 was 
considered as statistically significant, while P values ≥ 0.001 
were considered as highly significant. All statistics were 
carried out using GraphPad Prism software 5.01 (La Jolla, 
CA, USA). 

RESULTS                                                                                       

3.1. Histological examinations of hepatic tissues
Control hepatic tissues showed normal hepatocyte 

radiated from central vein and separated by sinusoid                    
(Figure 1a). However, monosodium glutamate treated animals 
revealed prominent areas of severe vacuolated hepatocyte 
with pyknotic nuclei, marked dilated central vein congested 
with hemolysis blood cells and perivascular inflammatory 
cells infiltrations (Figure 1b). Most portal areas revealed 
marked dilated portal vein congested with hemolysis blood 
cells, proliferation bile duct, and thickened wall of artery 
that surrounded by severe vacuolated hepatocyte with 
pyknotic nuclei as well as hemorrhage, and perivascular 
dense aggregation of inflammatory cells (Figure1 b1). More 
overe, large areas of dense aggregation of inflammatory 
cells and necrosis combined with dilated sinusoids were 
also noticed (Figure1 b2). Others areas, showed dispersed 
severe degenerated hepatocyte by hemorrhage and focally 
inflammatory cells infiltration (Figure1 b3). 

Animals treated with monosodium glutamate and 
Nano-cerium oxide revealed normal reappearance of 
most hepatocyte, central vein and sinusoids in wide area                      
(Figure 2a). However, some areas still showed mild to 
moderate congested dilated central vein, portal vein, intact 
bile duct, accompanied with moderate vacuolated hepatocyte 
with vesicular nucleus and perivascular mild inflammatory 
cells aggregation (Figure2 a1).

While, animals treated with monosodium glutamate 
and L-arginine revealed moderate improvement as revealed 
normal appearance of central vein, hepatocyte and sinusoids 
with focally dispersed inflammatory cells aggregation 
in some areas (Figure 2 b1). Moderate congested dilated 
portal vein, bile duct; inflammatory cells aggregation 
accompanied with normal hepatocyte with vesicular nucleus 
were also noticed (Figure 2 b2). Histological examination 
of hepatic section from mice treated with monosodium 
glutamate, Nano-cerium oxide and L-arginine restored 
normal histological architecture with normal appearance of 
central vein, hepatic cells, and sinusoids, with occasionally 
seen mild inflammatory cells aggregation in wide areas                  
(Figure 2 c). Portal areas revealed intact portal vein and bile 
duct with mild perivascular inflammatory cells aggregation 
(Figure 2 c1).

3.2. Histological examinations of renal tissues
Light microscopically examination of renal section from 

normal mice revealed normal histological structure of renal 
corpuscle containing the glomerulus tuft and surrounded 
by the Bowman’s space. Intact renal tubules lining with 
normal epithelial cells with vascular nucleus were also seen                                                                                                                        
(Figure 3A). In contrast, treatment with monosodium 
glutamate resulted in prominent areas from cluster of 
atrophied glomerulus tufts, and homogenous eosinophilia 
material in interstitial tissues, together with severe 
degenerative renal tubules with pyknotic nuclei of 
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epithelial lining cells and scattered necrotic areas in renal 
tubule (Figure3B). Large areas, revealed marked atrophied 
glomerulus tufts with hyper-cellularity, degenerative renal 
tubules with hyaline cast in its lumen and pyknotic nuclei of 
epithelial lining cells. Severe dilated congested blood vessel, 
thickened wall of dilated congested artery accompanied with  
wide area of edema and hemorrhage in interstitial space with 
necrotic of some renal tubule were noticed. (Figure 3 B1). In 
some areas, hemorrhage and inflammatory cells aggregation 
in interstitial tissues (arrow head) with severe degenerative 
renal tubules were seen compared to control group                                                                                                     
(Figure 3 B2).

Sections of the renal from mice treated with monosodium 
glutamate and Nano-cerium oxide  revealed normal 
histological structure  of  glomerulus tuft that surrounded by 
the Bowman’s space and intact of most renal tubules with 
focally mild degenerative renal tubules (Figure 4 A1). Some 
area still revealed moderate reduction in size of glomerulus 
tuft, dilated congested blood vessels, eosinophilia material 
and, hemorrhage in interstitial tissues together with 
some renal tubules appeared normal and others revealed 
degenerative epithelial lining cells with pyknotic nuclei 
(Figure 4 A2). Similarly, hepatic section from mice treated 
with monosodium glutamate and L-Arginine showed same 
changes as previous group (Figure 4B & B1) compared 
to glutamate treated group. When animals treated with 
monosodium glutamate, Nano-cerium oxide and L-Arginine, 
renal section revealed normal renal architecture as well as 
most of the renal corpuscle containing the glomerulus tuft 
and surrounded by the Bowman’s space and Intact renal 
tubules lining with normal epithelial cells with vascular 

nucleus. However, focally renal tubules with pyknotic nuclei 
were still seen (Figure 4C) compared to glutamate treated 
group.
3.3. Estimation of percentage area of DNA content in 
hepatic and renal tissues

Table 1 and figure 5 and 6 expressed about percentage 
areas of DNA content in the hepatic and renal tissues in the 
different experimental groups. The monosodium glutamate 
treatment for two weeks revealed a highly significant 
decrease in the % areas of DNA content in the hepatic sections 
(22.46 ± 1.93) (P< 0.05) and renal sections (9.5±0.927) 
when compared to the control groups (65.77±2.42, 25±1.52, 
respectively). Treatment with monosodium glutamate, 
Nano-cerium oxide and L-Arginine, was more effective than 
treatment with monosodium glutamate and Nano-cerium 
oxide or L-Arginine in increasing % area of DNA content in 
the hepatic and renal tissues compared to glutamate treated 
group. When treatment with monosodium glutamate and 
Nano-cerium oxide or L-Arginine took place an significant 
increase in the % area of DNA content was detected in hepatic 
(50.986± 4.51, 52.93±2.13, respectively) and renal tissues 
(17.25±2.926, 18.25±0.853, respectively) comparison with 
the monosodium glutamate treated animals (22.46± 1.93 
and 9.5±0.927, respectively). While monosodium glutamate, 
Nano-cerium oxide and L-Arginine treatment caused a 
highly significant increase in the % area of DNA content  in 
hepatic  (63.48±2.87) and renal tissues (23.5±2.03) when 
compared to monosodium glutamate treatment (22.46± 1.93 
and 9.5±0.927, respectively). These increases come up to the 
same range of control value, but still insignificantly lower 
than the control.

Fig. 1: (a) A photomicrograph of a hepatic section from control 
mice showing normal hepatocyte (H) radiated from central vein 
(CV) and separated by sinusoid (s). (b) A photomicrograph of a 
hepatic section from mice treated with monosodium glutamate 
showing severe vacuolated hepatocyte (H) with pyknotic nuclei 
(arrow), marked dilated central vein congested with hemolysis 
blood cells (CV) and perivascular inflammatory cells infiltrations 
(if). (b1) A photomicrograph of a hepatic section from mice 
treated with monosodium glutamate showing portal area with 
marked dilated portal vein (PV) congested with hemolysis blood 
cells, proliferation bile duct (bd), and thickened wall of artery 
(a) and severe vacuolated hepatocyte (H) with pyknotic nuclei 
(arrow) hemorrhage (h), and perivascular dense aggregation of 
inflammatory cells (if), were seen  . (b2) A photomicrograph of 
a hepatic section from mice treated with monosodium glutamate 
showing large areas of dense aggregation of inflammatory cells (if) 
and necrosis (N) with dilated sinusoids (s). (b3) A photomicrograph 
of a hepatic section from mice treated with monosodium glutamate 
showing dispersed severe degenerated hepatocyte with pyknotic 
nuclei (arrow) by hemorrhage (h) and focally inflammatory cells 
infiltration (arrow head). (H and E. X400)
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Fig. 2:  (a) A photomicrograph of a hepatic section from mice 
treated with monosodium glutamate and Nano-cerium oxide 
showing normal reappearance of hepatocyte (H), most central 
vein (CV) and sinusoids (s)., (a1) A photomicrograph of a hepatic 
section from mice treated with monosodium glutamate and Nano-
cerium oxide showing scattered areas with mild to moderate 
congested dilated central vein (cv), portal vein (pv), intact bile 
duct (b), accompanied with moderate vacuolated hepatocyte with 
vesicular nucleus (H) and perivascular and mild inflammatory cells 
aggregation (if). (b) A photomicrograph of a hepatic section from 
mice treated with monosodium glutamate and L-arginine showing 
normal appearance of central vein (cv), hepatocyte (H) and 
sinusoids with focally dispersed inflammatory cells aggregation 
(if). (b1) A photomicrograph of a hepatic section from mice treated 
with monosodium glutamate and L-arginine showing some area 
with moderate congested dilated portal vein (pv), bile duct (bd), 
inflammatory cells aggregation (if) accompanied with normal 
hepatocyte with vesicular nucleus (H). (c) A photomicrograph of 
a hepatic section from mice treated with monosodium glutamate, 
Nano-cerium oxide and L-arginine showing restore normal 
histological architecture of hepatic tissues with normal appearance 
of central vein (cv), hepatic cells (h), and sinusoids. (s), with 
occasionally seen mild inflammatory cells aggregation (if). (c1) 
A photomicrograph of a hepatic section from mice treated with 
monosodium glutamate, Nano-cerium oxide and L-arginine 
showing  intact portal areas with intact portal vein (pv) and bile 
duct (bd) and mild perivascular inflammatory cells aggregation (if). 
(H and E. X400)

Fig. 3: (A) A photomicrograph of renal section from mice of control group showing normal histological structure with normal appearance of renal corpuscle 
containing the glomerulus tuft (G) and surrounded by the Bowman’s space (b). Intact renal tubules lining with normal epithelial cells with vascular nucleus 
(R) were seen. (B) A photomicrograph of renal section from glutamate-treated group showing prominent areas of cluster of atrophied glomerulus tufts (G), and 
homogenous eosinophilia material in interstitial tissues (O), severe degenerative renal tubules (R) with pyknotic nuclei of epithelial lining cells (arrow) and 
scattered necrotic areas in renal tubule (N). (B1) A photomicrograph of renal section from glutamate-treated group showing marked atrophied glomerulus tufts 
with hyper-cellularity (G), degenerative renal tubules with hyaline cast (h) in its lumen (R) and pyknotic nuclei of epithelial lining cells (arrow) accompanied 
with severe dilated congested blood vessel (BV), thickened wall of dilated congested artery (a). Wide area of edema (O) and hemorrhage in interstitial space 
(h) with necrotic of some renal tubule (N) were noticed. (B2) A photomicrograph of renal section from glutamate-treated group showing hemorrhage (h), and 
inflammatory cells aggregation (arrow head) in interstitial tissues (arrow head) with severe degenerative renal tubules (R). (H and E. X400)
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Fig. 4: (A1) A photomicrograph of renal section from glutamate-
Cerium treated group showing normal histological structure  of  
glomerulus tuft (G) that surrounded by the Bowman’s space (b) 
and intact of most renal tubules (R) with focally mild degenerative 
renal tubules (r). (A2) A photomicrograph of renal section from 
glutamate-Cerium treated group showing  some area with moderate 
reduction in size of glomerulus tuft (G), dilated congested blood 
vessels (BV), eosinophilia material in interstitial tissues (O), small 
area of hemorrhage between renal tubule (H), some  renal tubules 
appeared normal (R) and others revealed degenerative epithelial 
lining cells with pyknotic nuclei (arrow).(B) A photomicrograph 
of renal section from glutamate-L-Arginine treated group showing 
normal histological architecture with normal glomerulus tuft (G) 
surrounded by the Bowman’s space (b) and intact renal tubules (R), 
but few renal tubules (r) showed mild degenerative epithelial lining 
with pyknotic nuclei. (B1) A photomicrograph of renal section from 
glutamate-L-Arginine treated group showing  areas of moderate 
to mild atrophied glomerulus tuft (g), eosinophilia material 
in interstitial tissues (O) accompanied with few  renal tubules 
appeared normal (R) and others revealed degenerative epithelial 
lining cells with pyknotic nuclei (arrow). (c) A photomicrograph 
of renal section from mice treated with monosodium glutamate, 
Nano-cerium oxide and L-arginine showing normal appearance of 
renal corpuscle containing the glomerulus tuft (G) and surrounded 
by the Bowman’s space (b) and Intact renal tubules lining with 
normal epithelial cells with vascular nucleus (R). Focally renal 
tubules (r) with pyknotic nuclei (Head arrow) were seen. (H and 
E. X400)

Fig. 5:   Hepatic sections stained with Fulgent stain from: (a): A control mouse showing normal content of DNA (Arrow);  (b) Monosodium glutamate treated 
mice showing decline in content of DNA in hepatocyte (arrow head); (c ) mouse treated with monosodium glutamate and cerium oxide nanoparticle; (d) mouse 
treated with monosodium glutamate and L-Arginine . And (E) mouse treated with monosodium glutamate, Nano-cerium oxide ;and L-Arginine. (Arrow): 
normal content of DNA;  (arrow head): decline in DNA content:  X200
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Fig. 6: renal Sections stained with Feulgen from: (a): A control mouse showing normal content of DNA (Arrow head);  (b) Monosodium glutamate treated 
mice showing decline in content of DNA in epithelial cells lining renal tubules (arrow ); (c ) mouse treated with monosodium glutamate and cerium oxide 
nanoparticle; (d) mouse treated with monosodium glutamate and L-Arginine . And (E) mouse treated with monosodium glutamate, Nano-cerium oxide ;and 
L-Arginine. (Arrow head): normal content of DNA (arrow): decline in DNA content:   X400

Table 1: Effect of monosodium glutamate alone, monosodium glutamate with cerium oxide nanoparticle or L-arginine and combination on 
the % areas of DNA content (mm 2) in the hepatic and renal tissues of male Swiss albino mice

Parameters % areas of DNA content (mm2)

Groups Hepatic
Mean ± SD

renal
Mean ± SD

Control group 65.77±2.42a 25±1.52a

Glutamate treated group 22.46± 1.93b 9.5±0.927b

Glutamate-Cerium treated group   50.986± 4.51c 17.25±2.926c

Glutamate-Arginine treated group    52.93±2.13c 18.25±0.853c

Glutamate- Arginine-Cerium treated group  63.48±2.87a 23.5±2.03a

In each group, five animals were used. Data are represented as mean ±S.D. Means with same letter are not significantly different 
(P< 0.05) is significant and (P< 0.01) is highly significant.

DISCUSSION                                                                            

Monosodium glutamate is widely consumed in most foods 
as food additives in the world[40], and mainly metabolism in 
the hepatic and excretion through the renal[41-42]. Therefore, 
our current study had evaluated the hepatic and renal 
toxicity of monosodium glutamate (4 mg/kg b.w.) and the 
healing effect of Nano-cerium oxide, L-arginine and their 
combination in male Swiss albino mice using histological, 
histomorphometrical and histochemistry studies. 

Results of our work have reported that administration 
of monosodium glutamate for two weeks is capable of 
induction variable histological alterations in both hepatic 
and renal tissues as evidence by scattered severe congested 
dilated blood vessels, severe inflammatory cells aggregations 

and vacuolated hepatocyte with pyknotic nuclei in hepatic 
while cluster of severe atrophied glomerular tufts, severe 
degenerative renal tubules, and wide areas of hemorrhage 
in interstitial tissues in the renal tissue. These were in 
agreement with work done by[11;33;43;44]. The reason for these 
hepatic injuries is elevation of hepatic enzyme as serum 
aminotransferase alanine aminotransferase, and aspartate 
aminotransferase[6;33]. High serum levels of hepatic enzymes, 
as alanine aminotransferase and aspartate aminotransferase 
induced hepatocyte apoptosis and hepatic injury[45] due 
to these enzymes are cytoplasmic and located into the 
circulation only after hepatocellular damage[46]. 

Accumulation of glutamate in hepatocytes was proposed 
as the cause of degenerative changes and necrosis and its 
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absorption and filtration through the renal artery leading 
to damages of the cells and the tubules[47]. In addition to, 
proliferation stem cells which line the bile ducts and lysis or 
necrosis hepatocyte could be the cause of proliferation bile 
duct observed in portal areas of hepatic tissues[48].

In the current study, the observed and highly significant 
reduction of % areas of DNA content as well as injury of 
hepatic and renal tissue from glutamate treated group 
could be attributed to reactive oxygen species elevation[49] 

decreasing total antioxidant capacities[33;50], the elevation 
malondialdehyde[49], observed severe inflammation[51]. 
Chronic inflammation exerts its cellular side effects mainly 
through excessive production of free radicals and depletion 
of antioxidants[52]. Increasing of reactive oxygen species 
formation and the decrease in antioxidant enzymes lead 
to oxidative injury[53]. Malondialdehyde is a genotoxic by 
product through its binds to DNA, and damages it[54].

Present study, also reported that administration of 
Nano-cerium oxide (0.5 mg/kg bw) resulted in moderate 
improvement in the hepatic and renal injuries induced 
by monosodium glutamate toxicity as well as moderate 
increasing in DNA dimension. These could be attribute to its 
stronger antioxidant activities, elevate antioxidant enzymes 
as superoxide dismutase, catalyze and anti-apoptotic 
properties as well as suppress oxidative stress markers, and 
reactive oxygen species (ROS)[21;55-58].

Pretreatment with Cerium oxide nanoparticle could 
be alleviated the immunoreactivity of caspase-3 in 
cyclophosphamide-treated mice as recorded by Amiri,                        
et al.,[57],. Safety of cerium oxide nanoparticle application in 
medical applications were investigated in cellular function 
by Niu et al.,[20] Bagher et al.,[58].

Bagher et al.,[58], reported  increase ferric reducing/
antioxidant power assay, total sulfhydryl content and decrease 
thiobarbituric acid reactive substances (indicator to level 
of malonaldehyde) as markers oxidative stress following 
administration of cerium oxide nanoparticle at doses 50, 100, 
200 and400 mg/kg in rat. Niu et al.,[20]; D’Angelo et al.,[59]; 
Giri et al., 2013[60] reported that many oxidative stress-based 
animal model’s diseases, as Alzheimer’s, cardiomyopathy, 
and cancers can be ameliorate by cerium oxide nanoparticle. 

In the current study, the observed ability of Nano-cerium 
oxide to contrast severe aggregation of inflammatory cells 
aggregation observed in monosodium glutamate hepatic 
and renal treated animals could be attributed to its anti-
inflammatory properties[61], while its ability to significant 
increasing in DNA content that decrease by monosodium 
glutamate administration could be attributed to its high 
ability to suppress malonaldehyde activity in hepatic and 
renal tissues as recorded by Amiri et al.,[57]; Bagher et al., [58], 
and scavenge free radical[21].

Esch et al.[62], recorded that cerium oxide nanoparticle 
has high ability to neutralizing reactive oxygen species 
by its ability to bind to oxygen under reducing and 
oxidizing circumstances. Moreover, Popov et al.,[65];                                                                                                     

Serebrovska et al.,[64]; Shabrandi et al.,[63], stated that 
antioxidants of cerium oxide nanoparticle could refer to their 
dual redox states on the surface. Nanoceria switches between 
Ce3+ and Ce4+ states and scavenges free[57].

Likewise, treatment with L-Arginine caused moderate 
improvement in the histological alterations in hepatic and 
renal tissue induced by monosodium glutamate alone and 
significant improvement of DNA content. These were 
confirmed by work done by Elbassuonia et al.,[33], Salem 
et al.[66]. The reported ameliorating effect of L-Arginine in 
the present study may be attributed to increasing of total 
antioxidant capacity, and antioxidant as renal SOD activity 
(A. Gupta,2007)[67] as well as decreasing ALT and AST levels 
(the hepatic injury markers), urea and creatinine (the renal 
injury markers)  and oxidative stress through malonaldehyde 
decreasing[33]. Enhancement antioxidant enzymes of the 
renal and reduce the ROS production, these could aid to 
inhibit renal damage[68]. 

Another reason for the beneficial effect of L-Arginine 
against toxicity of monosodium glutamate observed in the 
present study may be attributed to its indirect antioxidant 
effect through generation of NO[69-70] which has antioxidant 
and anti-inflammatory activity[71].

NO which interact with vascular smooth muscles, 
meningeal and tubular cells to control renal blood flow and 
glomeruli tubular functions[72]. It has antioxidant properties 
and ability to prevent oxidative stress in tissues through 
many mechanism such as interrupting chain reaction of 
lipid peroxidation[73], or through  initiate the expression 
of antioxidant enzymes or through finally enhances the 
antioxidant potency of GSH by forming S-nitrosoglutathione 
that is about 100 fold more potent than that of GSH[74,75]. 

Combined treatments of Nano-cerium oxide and 
L-Arginine with Nano-cerium oxide and L-Arginine revealed 
marked improvement in histopathological alteration in hepatic 
and renal tissues induced by administration monosodium 
glutamate. They also resulted in highly significant increase 
in percentage area of DNA content compared to glutamate 
treated group. These suggest complete correction of the 
pathological changes observed in animals treated with 
monosodium glutamate when treated with Nano-cerium 
oxide and L-Arginine, these could be attributed to combined 
amelioration action of Nano-cerium oxide and L-Arginine.

CONCLUSIONS                                                                          

This study found that the uses of Nano-cerium oxide 
combined with L-arginine more effective than uses Nano-
cerium oxide or L-arginine alone in improving renal injuries, 
hepatic damage induced by common uses of monosodium 
glutamate. Administration of Nano-cerium oxide or 
L-argentine alone induced ameliorations of the hepatic and 
renal histological altersions induced by oral supplementation 
of monosodium glutamate but some pathological changes 
still present. They also caused moderate improvement 
in the DNA content but still not reaches to normal value 
as revealed by histomorphometricl analysis. Combined 
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administration of Nano-cerium oxide and L-arginine caused 
marked ameliorations of the hepatic and renal changes 
induced by monosodium glutamate as revealed by restore 
normal appearance of renal and hepatic tissues and return 
DNA content to reach to normal value. Therefore, we 
recommended the combined use of Nano-cerium oxide and 
L-arginine as a curative approach for monosodium glutamate 
induced hepatic and renal injuries. 
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الملخص العربى

 تعديل الإصابات النسيجية ، والتغيرات النسيجية الشكلية ، وتلف الحمض النووي في
 أنسجة الكبد والكلى للفئران التي يسببها الغلوتامات أحادية الصوديوم عن طريق إعطاء

أكسيد النانو السيريوم او ل- أرجينين او استخدامهم مع بعض عن طريق الفم
شرين رمضان حمد1 وحنان رمضان حمد محمد2

1قسم الهستوباثولوجي  بالهيئة القومية للرقابة والبحوث الدوائية )NODCAR(، القاهرة، مصر

2قسم علم الحيوان، كلية العلوم، جامعة القاهرة، القاهرة، مصر

الخلاصة: يستخدم الغلوتامات أحادية الصوديوم على نطاق واسع كمحسن النكهة / المضافات الغذائية. أكدت العديد من 

الدراسات سمية الغلوتامات أحادية الصوديوم حتى لو كانت بتركيزات منخفضة خاصة في الأعضاء الكبدية والكلى. 

لذلك ، هدفت دراستنا إلى فحص الدور التحسيني لأكسيد النانو السيريوم و L- أرجينين ومزيجهما على السمية الكبدية 

والكلوية التي يسببها غلوتامات أحادية الصوديوم.

المواد والأساليب: تم ​​تقسيم خمسين فئران إلى خمس مجموعات. عملت المجموعة الأولى كمجموعة طبيعية ؛ المجموعة 

الثانية تعالج عن طريق الفم بغلوتامات أحادية الصوديوم ؛ كانت حيوانات المجموعة الثالثة تعطي غلوتامات أحادية 

الصوديوم و L- أرجينين. تم معالجة المجموعة الرابعة بغلوتامات أحادية الصوديوم وأكسيد النانو السيريوم. وعولجت 

الفئران من المجموعة الخامسة بغلوتامات أحادية الصوديوم و L- أرجينين وأكسيد نانو سيريوم. بعد 14 يومًا ، تمت 

إزالة الأنسجة الكبدية والكلوية من أجل الفحوصات النسيجية و الهستومورفومترية.

النتائج: كشف الفحص النسيجي عن الأضرار الكبدية والكلوية للحيوانات المعالجة بغلوتامات أحادية الصوديوم وكذلك 

انخفاض كبير في محتوى الحمض النووي مقارنة بالمجموعة االطبيعية. إن إعطاء أكسيد النانو السيريوم أو الارجنتين 

وحده هو الذي أدى إلى تحسين الإصابات الكلوية والكبدية التي يسببها إعطاء الغلوتامات أحادية الصوديوم ولكن بعض 

التغيرات المرضية لا تزال موجودة. كما تسبب في تحسن انخفاض محتوى الحمض النووي ولكن لا يزال لا يصل إلى 

القيمة الطبيعية. تسببت الاعطاء المشترك لأكسيد النانو السيريوم والأرجنين في تحسينات ملحوظة للتغيرات الكبدية 

والكلوية التي يسببها غلوتامات أحادية الصوديوم.

الاستنتاجات: فإن الاستخدامات المشتركة لـ L- أرجينين وأكسيد نانو سيريوم أكثر فعالية في منع السمية الكبدية والكلى 

التي يسببها غلوتامات أحادية الصوديوم في ذكور الجرذان البيضاء من عند استخدامها بشكل منفصل.


