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SUMMARY 
 

Monosodium glutamate (MSG), known as AJI-
NO-MOTO, is the sodium salt of glutamic acid. 
Glutamate is one of the most common amino acids 
found in nature, and is the main component of 
many proteins and peptides of most tissues. Gluta-
mate is also produced in the body and plays an 
essential role in human metabolism. MSG is com-
monly used as a flavor enhancer. Lycopene (LPN) 
is a member of carotenoids, and it is an antioxidant 
substance found in tomato, and in other red fruits, 
and vegetables. The present study aimed to inves-
tigate the potential protective effects of LPN on 
MSG-induced nephrotoxicity in adult male albino 
rats. 40 adult male albino rats were divided into 4 
groups with 10 rats in each group. Group I (control 
group). Group ІІ animals received lycopene orally 
in a dose of 4 mg/kg b.w. per day for 14 days. 
Group ІІI animals received MSG subcutaneously in 
a dose of 4 mg/g b.w. per day for 14 days. Group 
ІV animals received MSG Plus LPN. At the end of 
the experiment, kidney specimens were processed 
for histopathological, immunohistochemistry and 
biochemical studies.  

Administration of lycopene decreased elevated 
serum creatinine, blood urea nitrogen and immu-
noexpression of the proapoptotic protein (Bax), 
induced by MSG. It increased the immunoexpres-
sion of the antiapoptotic protein (Bcl2). It also ame-

liorated the morphological changes induced by 
MSG. MSG has toxic effects on the kidneys as 
indicated by biochemical, histological and immuno-
histochemical results. Lycopene has protective 
effects against MSG-nephrotoxicity by reducing 
elevated serum creatinine, blood urea nitrogen, 
kidney damage, and apoptosis.  

 
Keywords: Antioxidants – Lycopene – Monoso-
dium glutamate – Nephrotoxicity  

 
INTRODUCTION 
 

The body susceptibility to oxidative damage can 
be determined by the balance between production 
and scavenging of reactive oxygen species (ROS) 
or free radicals. Possessing antioxidant defense 
mechanisms enables the organism to diminish the 
production of free radicals, and protect against 
oxidative damage, but it may not be sufficient to 
prevent the damage completely. Many drugs may 
cause damage to the tissues by generating free 
radicals. The level of antioxidant mechanisms may 
not be sufficient for scavenging free radicals after 
drug intake, and therefore tissue injury occurs

 

(Wang and Jiao, 2000).  
The kidneys are vital organs essential for excre-

tion of metabolic waste products. as well as for 
maintaining chemical homeostasis, among many 
other functions. The broad use of therapeutic 
drugs, natural products, environmental pollutants, 
and industrial chemicals during the last few dec-
ades have greatly increased the probability of kid-
ney damage (Gaikwad et al., 2012).  
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-MOTO is the sodium salt of naturally occurring 
non-essential amino acid, glutamic acid (Salam 
and Agha, 2013). It is one of the many food addi-
tives being used. MSG contains 78% glutamic ac-
id, 22% sodium and water (Samuels, 1999). Gluta-
mate is one of the most commonly occurring ami-
no acids found in nature, and also produced in the 
body. It forms the main component of proteins and 
peptides of various tissues and plays an important 
role in human metabolism. In general, the natural 
glutamic acid found in food does not cause prob-
lems, but the synthetic free glutamic acid formed 
during industrial processing is a toxin (Anil et al., 
2015).    

When added to food, MSG induces a flavoring 
function by stimulation of sensory receptors in the 
oral cavity and by producing pleasant taste of 
meals. It is declared that taste quality obtained by 
MSG and other related substances was unique 
(Eweka, 2007). MSG was previously made from 
wheat gluten, but recently it is made by carbohy-
drates fermentation using bacterial or yeast spe-
cies such as Brevibacterium, Arthrobacter, Micro-
bacterium, and Corynebacterium. MSG also influ-
ences appetite positively and induces weight gain 
(Rogers and Blundell, 1990). 

In spite of taste stimulation and augmentation of 
appetite produced by MSG, many studies have 
reported its toxicity to both humans and experi-
mental animals (Belluardo et al., 1990). 

Carotenoids are a group of fat-soluble pigments 
found in tomatoes and their products, as well as in 
some other fruits and vegetables. Many studies 
have investigated their benefits in the oxidative 
stress. Tomato carotenoids include lycopene and 
other carotenoids (Tapiero et al., 2004). Lycopene 
had received a particular attention because of its 
highly efficient antioxidant with free radical scav-
enging capacity (Wang et al., 2008). Lycopene 
was shown to be an in vivo protective against li-
pids, proteins, and DNA oxidation. The protective 
effect of lycopene had been studied with many 
nephrotoxic agents and its preventive potentials 
have been demonstrated (Palabiyik et al., 2013). 

Hence, this work was performed to evaluate the 
possible protective effects of lycopene on MSG-
induced nephrotoxicity in adult male albino rats. 

 
MATERIALS AND METHODS 
 
Animals 

The present study was carried out on 40 healthy 
adult male albino rats weighing from 200-250 g. 

They were purchased from the animal house of As-

siut Faculty of Medicine, Assiut University, Egypt. The 
rats were housed in polypropylene cages under 
standard lightening in a temperature-controlled 
room (25±2°C) and had free access to laboratory 
food and water throughout the experiment.  They 
were acclimatized to their environment for at least 
two weeks before starting the experiment. All ani-
mal procedures were approved by the local Institu-
tional Animal Ethical Committee of Faculty of Med-
icine, NBU, KSA.  

Experimental design 
After the acclimatization period, rats were ran-

domly divided into four groups (ten rats in each) as 
follows:  

Group I (Control group) received daily injection of 
normal saline (vehicle) subcutaneously for 14 
days. 

Group II received lycopene dissolved in corn oil 
via oral gavage (Sigma-Aldrich Chemical Co. St. 
Louis, MO, USA) at a dose of 4 mg/kg/day for 14 
days (Karahan et al., 2005).  

Group III received MSG dissolved in sterile nor-
mal saline subcutaneously (Sigma-Aldrich Chemi-
cal Co. St. Louis, MO, USA) at a dose of 4 mg/g/
day for 14 days (Shilpi et al., 2014).  

Group IV received lycopene orally (4 mg/kg/day) 
and MSG injection (4 mg/g/day) for 14 days. 

Twenty-four hours after the last drug regimen, 
the body weight of each rat was estimated. The 
rats were anesthetized with intraperitoneal in-
jection of sodium pentobarbital (35 mg/kg body 
weight). The chest wall was incised to explore the 
heart. 5 ml of intracardiac blood were drawn, and 
serum was separated for estimation of blood urea 
nitrogen (BUN) and serum creatinine.  

The rats were then sacrificed by decapitation, 
and kidneys were removed. The kidneys were per-
fused with a fixative solution (2% paraformalde-
hyde and 2% glutaraldehyde solution) in 0.1 M 
phosphate buffer pH 7.2, and then weighed and 
sampled for histopathological studies.  
 
Assessment of nephrotoxicity 

Levels of BUN and serum creatinine were meas-
ured using standard laboratory techniques to as-
sess nephrotoxicity, using commercial kits in an 
Olympus AU400 Chemistry Analyzer (Olympus 
Corp., Tokyo, Japan). Results are expressed as 
mg/dl. 
 
Histological and immunohistochemical exami-
nation 

The kidney from each animal was sectioned lon-
gitudinally into 2 halves and kept in 10% of neutral 
buffered formalin for 24h. It was then processed, 
embedded in paraffin wax and sections of 4 μm 
thickness were taken using a microtome. These 
sections were stained with hematoxylin and eosin 
(H&E), and were examined under a light micro-
scope, to detect histological changes (Bancroft 
and Layton, 2012).  

Kidney sections were immunohistochemically 
stained to assess the immunoexpression of 
proapoptotic protein (Bax), and antiapoptotic pro-
tein (Bcl2). Paraffin sections of kidney were cut at 
4 um thickness on positively charged slides. Sec-
tions were incubated with a monoclonal antibody 
against Bax and Bcl2 (Dako, Carpinteria California, 
USA); in a dilution of 1:200. Cells displaying brown 
precipitation were considered positive for Bax, and 
Bcl2 expressions. 
 
Statistical Analysis 

All analyses were performed using the software 
Statistical Package for Social Sciences version 17 
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(SPSS Inc, Chicago, IL, USA). Data were present-
ed as the mean ± standard deviation (SD). Com-
parisons between two groups were analyzed by 
unpaired Student “t” test. The probability of chance 
(P value) < 0.05 was considered statistically signifi-
cant. 

 
RESULTS 
 

None of the experimental rats died during the 
experiment period (14 days).  
 
Evaluation of body and kidney weights 

At the end of the experimental period, the body 
weight in the MSG group was significantly higher 
than the control group, as well as the MSG + lyco-
pene group (P<0.05), while no significant differ-
ence in body weight was observed between the 
control, lycopene and MSG+lycopene groups.  

The kidney weights in the MSG-treated group 
were significantly higher than in the control group, 
as well as the MSG + lycopene group (P<0.05). 
Meanwhile, no significant differences were seen 
between the control, lycopene and MSG+lycopene 
groups (Table 1). 
 
Biochemical results 

There was a significant increase in serum creati-
nine and BUN in MSG-treated rats compared with 
normal rats. However, concomitant administration 
of lycopene along with MSG significantly reduced 
levels of serum creatinine and BUN, compared to 
the MSG-treated group. Rats treated with lycopene 
alone showed normal values (Table 2). 
 
Histological results 

The renal cortex of control and lycopene-treated 
rats of H&E-stained sections were more or less 
similar, showing multiple glomeruli of normal cellu-
larity surrounded by Bowman’s capsule. Proximal 
convoluted tubules (PCT) were lined by pyramidal 
cells with deeply acidophilic cytoplasm and round-
ed nuclei. Distal convoluted tubules (DCT) were 
lined by cubical cells with acidophilic cytoplasm 
(Fig. 1A). 

In MSG group, the Malpighian corpuscles dis-
played shrunken glomeruli with widening of the 
capsular space. The surrounding tubules were di-
lated with desquamation of tubular lining cells, and 
also pyknotic nuclei (Fig. 1B). Some tubules dis-
played damaged shrunken glomeruli with widening 
of the capsular space (Fig. 1E). Some tubules 
showed vacuolar degeneration, loss of the lining 
epithelium, and destruction of the tubular wall (Fig. 
1D). Some Malpighian corpuscles displayed hya-
line degeneration of glomeruli (Fig. 1F). Besides, 
there were foci of interstitial hemorrhage and ede-
ma in the interstitium (Fig. 1G) with multiple focal 
collections of mononuclear cells (Fig. 1C). 

When lycopene was administered with MSG, the 
renal cortex appeared with somewhat normal his-
tological architecture with reversal of MSG-induced 
renal damage. Most of the Malpighian corpuscles 
and the surrounding tubules (PCT and DCT) ap-
peared normal, having the same features of the 

Fig 1. (A) A Photomicrograph of normal architecture 
of the renal cortex in the control group showing Malpigh-
ian corpuscles formed of glomerulus surrounded by a 
double-walled Bowman’s capsule. Proximal convoluted 
tubules are seen around the Malpighian corpuscles lined 
by pyramidal cells with narrow lumen. Distal convoluted 
tubules are lined by cubical cells with wide lumen (H&E, 
scale bars = 40 µm). (B-G) Photomicrographs of kidney 
of MSG treated rats.  

(B) Malpighian corpuscles showing shrunken glo-
meruli with widening of the capsular space. The sur-
rounding tubules are dilated with desquamation of tubu-
lar lining cells and also pyknotic nuclei (arrow heads). 
presence of some apoptotic cells (arrows).  

(C) Interstitial cellular infiltration (arrows) is seen 
within the kidney tissue.  

(D) Tubular dilatation (T) with vacuolar degeneration 
(arrow heads), desquamation of their lining cells (zigzag 
arrows), and destruction of tubular wall (arrows).  

(E) Damaged shrunken glomeruli with widening of 
the capsular space, and marked degeneration and dila-
tation of proximal and distal convoluted tubules with 
intratubular hyaline casts (C).  

(F) Hyaline degeneration of renal glomerulus 
(arrows)  

(G) Interstitial hemorrhage and edema (H&E, scale 
bars = 40 µm (B-G)).  

(H) A photomicrograph of the renal cortex of MSG + 
lycopene group with normal looking Malpighian corpus-
cles proximal convoluted tubules and distal convoluted 
tubules. [G: Glomerulus, P: Proximal convoluted tubule, 
D: Distal convoluted tubule, T: Dilated tubule, H: Intersti-
tial hemorrhage, O: edema (H&E, Scale bars = 40 µm). 
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control group (Fig. 1H). 
 
Immunohistochemical results 

Immunostaining of Bax antigen 
In control and lycopene groups, the kidney tis-

sues revealed negative immunostaining reaction 
for Bax. (Fig. 2A). MSG-treated rats revealed dark 
brown granules in their cytoplasm throughout most 
cells of the kidney parenchyma (Fig. 2B). Com-
bined MSG and lycopene group showed Bax activ-
ity in the cortical tissues more or less similar to the 
control group (Fig. 2C).  

Immunostaining of Bcl2 
In control and lycopene groups, the cortical tis-

sue of the kidneys showed moderate to marked 
Bcl2 reaction in the cytoplasm of cortical cells (Fig. 
3A). Bcl2 immunostaining was markedly less in-
tense in the cytoplasm of cortical cells in MSG-
treated rats compared with the control group (Fig. 
3B). Combined MSG and lycopene group showed 
increased Bcl2 expression compared with those of 
MSG-treated group (Fig. 3C).  

 
DISCUSSION 
 

Drug-induced nephrotoxicity accounts for up to 
20% of the hospital admissions by acute kidney 
injury, and it has been recognized as a major 
cause of morbidity and mortality. Several thera-
peutic agents are commonly known as nephrotoxic 
agents (Himmelfarb, 2011).   

Monosodium glutamate (MSG) is frequently used 
as a flavor enhancer, a fact that makes it one of 
the most applied food additives in modern nutrition 
all over the world (Beyreuther et al., 2007). There 
are many debatable facts about deleterious effects 
of MSG, so doubts appeared about the safety of its 
chronic use. Many researchers investigated its 
toxic effect on different organs, especially on the 
kidney’s metabolism and excreting role (Hosam 
Eldin et al., 2012). 

Many natural agents have been used to improve 
drugs toxicity. In this research, we were interested 
in studying the protective effect of lycopene, one of 
the carotenoids, against MSG-induced nephrotoxi-
city, as it is well known as a highly efficient scav-
enger of reactive oxygen species (Wang et al., 
2008). 

The present study revealed that administration of 
MSG caused a significant increase in body weight 
and kidney weight. The increase in body weight 
was probably because MSG could induce an in-
crease in energy intake, which could lead to obesi-
ty (Mozes et al., 2004). Another school of thought 
suggests that MSG might interfere with signaling 
systems that regulate appetite centers, also up-
scaling food consumption and hence weight gain 
initially and possibly obesity with chronic consump-
tion (Bergen et al., 1998; Bhattacharya et al., 
2011). The increase in kidney weight could be at-
tributed to the increase in inflammatory activity 
with resultant tissue edema (Onaolapo et al., 
2013). This result was supported by Anil et al. 
(2015). Abass and Abd El-Haleem also reported 
the same results (2011). However, in combined 
MSG and lycopene group, these values were simi-
lar to the control levels. 

In the current work, rats injected with MSG 
showed a significant increase in serum creatinine 
levels and blood urea nitrogen (BUN), compared to 
the control group. These results were consistent 
with Sandharbh et al. (2015), who reported that 
administration of MSG resulted in impairment of 
some renal biomarkers in the form of an increase 
in urea, creatinine and albumin. Our results were 
in contrast with results of Egbuonu et al. (2010), 
who indicated a significant decrease of serum urea 
and creatinine in spite of high dose administration 
of MSG. Significant reduction in serum creatinine 
and BUN was observed in rats treated with com-
bined lycopene and MSG as compared with MSG 
group. These data were fairly consistent with previ-
ous studies concluding amelioration of creatinine 
and BUN in gentamicin-induced nephrotoxicity 

Parameters 
Group I 

(Control) 
Group II 

(Lycopene) 
Group III 
(MSG) 

Group IV 
(MSG+Lycopene) 

Body weight (g) 221.33±10.59 219.54±12.42 254.21± 8.77a 218.72±11.73b 

Kidney weight (g) 0.78±0.01 0.80±0.14 1.14± 0.12a b0.77±0.02 

Table 1. Body and kidney weights of rats in the different studied groups.  

Data is expressed as mean ± standard deviation. Results were statistically analyzed   by using Student’s t test at P < 0.05.  
ap < 0.0001 compared with the control group (group I).  
bp < 0.0001 compared with the treated group (group III).  

Parameters 
  

      Group I 
     (Control) 

   Group II 
    (Lycopene) 

   Group III 
 (MSG) 

 Group IV 
(MSG+Lycopene) 

Creatinine (mg/dl) 0.62±1.08 0.61±1.09 3.4±2.29a 0.63±1.19b 

BUN (mg/dl) 22.46±0.04 21.65±0.09 74±0.35a 23.9±0.22b 

Data is expressed as mean ± standard deviation. Results were statistically analyzed   by using Student’s t test at P < 0.05.  
ap < 0.0001 compared with the control group (group I).  
bp < 0.0001 compared with the treated group (group III).  

Table 2. Serum levels of creatinine and blood urea nitrogen (BUN) in the different studied groups.  
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treated with lycopene (Wang et al., 2008). 
Histological examination of MSG-treated rats 

revealed that it has many adverse effects on the 
kidney structure, in which the sections of renal cor-
tex stained with H&E displayed shrunken glomeruli 

with the widening of the capsular space. The sur-
rounding tubules showed vacuolar degeneration, 
extensive necrosis with pyknosis of the nuclei and 
loss of the lining epithelium, with disruption of the 
tubular wall. In addition, there were foci of intersti-

Fig 2. (A) Negative immunostaining reaction of Bax 
in the convoluted tubules and glomeruli of the renal cor-
tex of the control group. (B) Strong positive im-
munostaining reaction of Bax in the convoluted tubules 
and glomeruli of the renal cortex of the MSG-treated 
group. (C) Negative immunostaining reaction of Bax in 
the in the convoluted tubules and glomeruli of the renal 
cortex of group treated with MSG+lycopene (Bax im-
munostaining, Scale bars = 40 µm).  

Fig 3. (A) Strong positive immunostaining reaction 
of Bcl2 in the convoluted tubules and glomeruli of the 
renal cortex of the control group. (B) Weak positive reac-
tion of Bcl2 in the convoluted tubules and glomeruli of 
the renal cortex of MSG-treated group. (C) Strong posi-
tive immunostaining of Bcl2 in the convoluted tubules 
and glomeruli of the renal cortex of group treated with 
MSG+lycopene (Bcl2 immunostaining, Scale bars = 40 
µm). 
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tial hemorrhage and edema in the interstitium, with 
multiple focal collections of mononuclear cells. The 
findings of the present study were consistent with 
Onaolapo et al. (2013), who reported dilatation of 
the Bowman’s space and contraction of the renal 
glomerulus with MSG treatment. Anil et al. (2015) 
noticed dilatation of PCT and DCT, swelling in 
Bowman’s capsule, injured brush border of PCT 
and necrotic lesions of the urinary tubules after 
MSG administration. A third study referred to se-
vere histopathological changes of renal tissue after 
repeated administration of high dose of MSG 
(Hosam Eldin et al., 2012). Similar findings were 
also observed in many studies (Andrew, 2007; 
Contini et al., 2012). 

Results of the present study also showed lym-
phocytic cellular infiltration in the kidney tissue. 
Similar findings were reported by Al Agha (2006), 
who stated inflammatory infiltration and focal hem-
orrhagic areas in the MSG-treated kidney. 

Marked histological amelioration was observed in 
kidney tissue of rats treated with a combination of 
MSG and lycopene, compared to MSG group, as 
most of the Malpighian corpuscles and the sur-
rounding tubules (PCT and DCT) appeared normal 
having the same features of the control group. The 
current results are in agreement with Karahan et 
al. (2005), and Wang et al. (2008), who proved 
that lycopene had a protective effect against drug-
induced nephrotoxicity in rats. 

The kidney tissues revealed positive im-
munostaining reaction for Bax (pro-apoptotic pro-
teins) in MSG-treated rats, while Bcl2 
(antiapoptotic proteins) immunostaining was mark-
edly less intense in the cytoplasm of cortical cells 
in MSG-treated rats compared with the control 
group. These results agreed with Abass and Abd 
El-Haleem who observed that MSG can induce a 
change in the pattern of expression of Bax protein 
in both glomerular endothelial cells and some tub-
ular epithelial cells (Bhattacharya et al., 2011). 
Yang et al. also discussed the changes of Bax and 
Bcl-2 expression in various experimental renal 
models (Yang et al., 2001). Rats treated with a 
combination of MSG and lycopene showed a re-
duction in the Bax activity in the cortical tissues 
and a significant increase in Bcl2 expression when 
compared with those of the MSG-treated group, 
and hence suppress apoptosis. These results were 
fairly consistent with previously published studies 
concluding that lycopene reduces programmed cell 
death in contrast medium-induced renal injury 
(Buyuklu et al., 2014).  

It could be concluded that MSG has deleterious 
effects on the kidney, as indicated by biochemical, 
histological and immunohistochemical alterations. 
Lycopene was found to have protective effects 
against MSG-induced nephrotoxicity through im-
provement of kidney function, and reduction of ne-
phrotoxicity and apoptosis.  
 
FUNDING 
 

The research was funded by Northern Border 

University, Saudi Arabia [grant number: 7233-MED
-2017-1-8-F]. The funding source had no involve-
ment in the conduction of the research. 
REFERENCES 
 
ABASS MA, ABD EL-HALEEM MR (2011) Evaluation of 

monosodium glutamate induced neurotoxicity and ne-
phrotoxicity in adult male albino rats. J Am Sci, 7: 264-
276.  

ALAGHA SZ (2006) Histological, histochemical and ul-
trastructural studies on the kidney of rats after admin-
istration of monosodium glutamate. Al-Aqsa Univ J, 
10: 20-40. 

ANDREW OE (2007) Histological studies of the effects 
of MSG on the kidney of adult Wistar rats. Int J Health, 
6: 276-283. 

ANIL KR, SINGH BR, UJWAL G (2015) Histological 
changes in kidneys of adult rats treated with monoso-
dium glutamate: a light microscopic study. Int J Med 
Res Health Sci, 4: 1-6. 

BANCROFT JD, LAYTON CX (2012) The hematoxylins 
and eosin. In: Suvarna SK, Layton C, Bancroft JD 
(eds). Theory and Practice of Histological Techniques. 
Churchill Livingstone, London, pp 173-186.  

BELLUARDO M, MUDO G, BINDONI M (1990) Effect of 
early destruction of the mouse arcuate nucleus by 
MSG on age-dependent natural killer activity. Brain 
Res, 534: 225-333. 

BERGEN HT, MIZUNO TM, TAYLOR J (1998) Hyper-
phagia and weight gain after gold-thioglucose and 
monosodium glutamate: relation to hypothalamic neu-
ropeptide. Endocrinol, 139: 4483-4488.  

BEYREUTHER K, BIESALSKI H K, FERNSTROM JD, 
GRIMM P, HAMMES WP (2007) Consensus meeting: 
monosodium glutamate - an update. Eur J Clin Nutr, 
61: 304-313. 

BHATTACHARYA T, BHAKT A, GHOSH HM (2011) 
Long term effect of monosodium glutamate in liver of 
albino mice after neo-natal exposure. Nepal Med Col-
lege J, 13: 11-16. 

BUYUKLU M, KANDEMIR FM, OZKARACA M, SET T, 
BAKIRCI, EM, TOPAL E, ILERITURK M, TURKMEN K 
(2014) Beneficial effects of lycopene against contrast 
medium-induced oxidative stress, inflammation, au-
tophagy, and apoptosis in rat kidney. Hum Exp Toxi-
col, 1: 1-10.  

CONTINI MDC, MILLEN N, RIERA L, MAHIEU S (2012) 
Kidney and liver functions and stress oxidative mark-
ers of monosodium glutamate-induced obese rats. 
Food Public Health, 2: 168-177. 

EGBUONU ACC, EJIKEME PM, OBASI LN (2010) Influ-
ence of sub-chronic oral exposure to high monosodi-
um glutamate on some serum markers of the renal 
functions in male Wistar rats. Afr Jof Biochem Res, 4: 
225-228. 

EWEKA AO (2007) Histological studies of the effects of 
monosodium glutamate of the kidney of adult Wistar 
rats. Int J Health, 6(2). doi: 10.5580/7d9.  

GAIKWAD K, DAGLE P, CHOUGHULE P, JOSHI YM, 
KADAM V (2012) A review on some nephroprotective 
medicinal plants. IJPSR, 3: 2451-2454. 

HIMMELFARB J (2011) Drug-induced kidney disease. 
In: Dipiro JT, Talbert RL, Yee GC, Matzke GR, Wells 
BG, Michael Posey L (eds). Pharmacotherapy, a path-



M.S. Badawi 

221 

ophysiologic approach. 8th ed. Mc Graw Hill compa-
nies’ Inc, New York, pp 795-810. 

HOSAM ELDIN HO, SAID SE, AYMAN EE (2012) As-
sessment of nephrotoxicity of repeated use of mono-
sodium glutamate in adult albino rats. Ain-Shams J 
Forensic Med Clin Toxicol, 19: 88-96.  

KARAHAN I, ATESSAHIN A, YILMAZ S, CERBISAT 
AO, SAKIN F (2005) Protective effect of lycopene in 
gentamicin-induced oxidative stress and nephrotoxicity 
in rats. Toxicology, 215: 198-204. 

MOZES S, SEFCIKOVA Z, LENHARDE L, RAEEK L 
(2004) Obesity and changes of alkaline phosphatase 
activity in the small intestine of 40-80-day old subjects 
to early postnatal overfeeding of monosodium gluta-
mate. Physiol Res, 53: 177-186. 

ONAOLAPO AY, ONAOLAPO OJ, MOSAKU TJ, 
AKANJI O, ABIODUN O (2013) A histological study of 
the hepatic and renal effects of subchronic low dose 
oral monosodium glutamate in Swiss albino mice. Br J 
Med Med Res, 3: 294-306. 

PALABIYIK SS, ERKEKOGLU P, ZEYBEK ND, KIZIL-
GUN M, BAYDAR DE, SAHIN G, GIRAY BK (2013) 
Protective effect of lycopene against ochratoxin A-
induced renal oxidative stress and apoptosis in rats. 
Exp Toxicol Pathol, 65: 853-861. 

ROGERS PP, BLUNDELL JE (1990) Umami and appe-
tite: effects of monosodium glutamate on hunger and 
food intake in human subjects. Physiol Behav, 486: 
801-804. 

SALAM Z, AGHA AL (2013) Histological, histochemical 
and ultrastructural studies on the kidney of rats after 
administration of monosodium glutamate. Available at: 
http://www.alaqsa.edu.ps/ar/Aqsa_magazine/
files/213.pdf. (Accessed January 10).  

SAMUELS A (1999) The toxicity/safety of MSG: a study 
in suppression of information. Account Res, 6: 259-
310. 

SANDHARBH K, NITESH K, BHOOPENDRA K (2015) 
Evaluation of monosodium glutamate induced ne-
phrotoxicity in adult Wistar albino rats. J Pharm Sci, 4: 
846-862. 

SHILPI GD, PUJA R, AKANSHA A, KAMLESH K, RENU 
C, VEENA B (2014) To study the effect of monosodi-
um glutamate on histomorphometry of cortex of kidney 
in adult albino rats. Ren Fail, 36: 266-270. 

TAPIERO H, TOWNSEND DM, TEW KD (2004) The 
role of carotenoids in the prevention of human patholo-
gies. Biomed Pharmacother, 58: 100-110. 

WANG SY, JIAO H (2000) Scavenging capacity of berry 
crops on superoxide radicals, hydrogen peroxide, hy-
droxyl radicals and singlet oxygen. J Agric Food 
Chem, 48: 677-684.  

WANG YH, LIU Y, GUO LM, LV YQ, FAN LF, XU YL 
(2008) Effect comparison of lycopene and combination 
of vitamins E and C on gentamicin-induced nephrotox-
icity in rats. Chinese J Pharmacol Toxicol, 22: 436-
439.  

YANG B, JOHNSON TS, THOMAS G, WATSON PF, 
WAGNER B, SKILL NJ, HAYLOR JL, EL-NAHAS AM 
(2001) Expression of apoptosis-related genes and 
proteins in experimental chronic renal scarring. J Am 
Soc Nephrol, 12: 275-288. 


