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ABSTRACT 
 

Background: One of the most important problems in the human health nutrition field is the use of 
food additives. Monosodium glutamate (MSG) and sodium nitrite NaNO2 are the main food additives used 
as an ingredient in various food products, however these compounds produce physiological and 
biochemical changes.  

Aim: The aim of this study was to investigate the side effects of two types of food additives on body 
weight gain and some metabolic parameters in serum of rats treated with MSG and sodium NaNO2, and 
whether green tea extract is able to improve these parameters and amelioration of the liver toxicity induced 
by MSG and NaNO2.   

Material and Methods: Rats were randomly assigned into one negative control group G1 (n = 5) 
and four treatment groups; G2 and G3 groups (n = 5) were given oral daily doses of MSG 15 mg/kg body 
weight while groups G4 and G5 were given oral daily doses of NaNO2 15 mg/kg body weight. Meanwhile, 
the third and fifth groups (G3 and G5) were administered, in addition to MSG and NaNO2 1.5 ml/rat per 
day of green tea extract. After 60 days of treatment, sera were analyzed for concentrations of insulin, 
glucose, Total cholesterol (T. cholesterol), high density lipoprotein (HDL-C), low density lipoprotein 
(LDL-C), triglycerides, liver and kidney functions and antioxidant enzymes. A homeostasis model 
assessment index was estimated to characterize insulin resistance.  

Results: Body weight (BW) gain was higher in MSG and NaNO2 treated rats while green tea extract 
treatment (G3 and G5 groups) significantly reduced BW gain. Furthermore, MSG and NaNO2 treated rats 
induced a significant increased in T-cholesterol, LDL-C and triglyceride, and reduced HDL concentrations,  
administration of green tea extract normalized HDL-cholesterol and reduced others lipids. Insulin, glucose, 
urea, creatinine and uric acid levels were raised in MSG and NaNO2 treated rats and reduced in green tea 
extract groups (G3 and G5). Alanine aminotransferase (ALT) and asparatate aminotransferase (AST) were 
lower after MSG- and NaNO2-tea extract combination (groups G3 and G5) compared to rats given only 
MSG or NaNO2. MSG- and NaNO2-tea extract combination augmented total protein as well as catalase 
(CAT), glutathione peroxidase (GPH-Px) and total antioxidant capacity (TAC) in contrast to MSG- and 
NaNO2-treated animals. Green tea extract improves the histological changes induced by MSG and NaNO2 
in the liver cells in comparison with positive control groups (G2 and G4).  

Conclusion: Green tea extract normalized serum lipid profile and glucose and minimized the MSG 
and NaNO2 related toxic effects, which was associated to its antioxidant properties. The study concluded 
that, green tea extract when used concomitantly with MSG and NaNO2 protects the liver against the 
toxicity induced by this flavour enhancer. 
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Introduction 

 
Eating behavior plays a pivotal role in metabolic and diet-related disorders (Naim et al., 1991). Some 

mechanisms for food cravings may benefit mammals from nutrient deficiency, otherwise overfeeding of 
palatable food may cause an imbalanced intake of nutrients (Seiva et al., 2012). Food additives are used 
widely for various purposes; including preservation, coloring and sweetening. Food additives are divided 
into five broad categories according to their function: 1) Taste enhancers, 2) Antioxidants, 3) 
Preservatives, 4) Stabilizers and emulsifier and 5) Coloring agents (Abdel-Reheim et al., 2014, Green, 
1988 and Wilde et al., 2004). Monosodium glutamate (MSG) is a widely used, as a flavor enhancing 
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amino acid, and is generally accepted as safe so reports that it can influence body weight raise intense 
public concern (Tordoff et al., 2012 and Shi et al., 2014). MSG improves the palatability of meals and thus 
influences the appetite center positively with its resultant increase in body weight (Gobatto et al., 
2002).Natural food contains two different forms of glutamate, i.e. free and bound forms, and some food 
(e.g. tomatoes, mushrooms) contains a high amount of free glutamate. In Western countries MSG is 
usually consumed in processed and packaged products. MSG is often added during home cooking. It is 
estimated that 650,000 tons of MSG are used worldwide each year (Shi et al., 2014). Because MSG is used 
worldwide as a flavor enhancer, it appears necessary to document the effects and consequences of MSG 
consumption in terms of beneficial or deleterious effects of this compound. Monosodium glutamate (MSG) 
treatment is able to produce metabolic changes, which can further result in severe bodily disturbances 
(Diniz et al., 2005). The hypothalamus is associated with the control of food intake, energy balance and the 
autonomic nervous system. Among major causes of neuroendocrine obesity is the hypothalamic lesion-
induced obesity (Macho et al., 2000), which can be experimentally induced after MSG oral administration 
(Xu et al., 2007). 

It is reported that rats exposure to MSG causes many effects like learning difficulty, gonadal 
dysfunction, brain damage, depleted in some of the neurotransmitters like norepinephrine, serotonin, 
dopamine and their metabolites in the hypothalamus region, an increase in the incidence of stomach 
cancer, oxidative stress in the hepatic and tissue elevation of serum alanine aminotransferase (ALT) and 
aspartic aminotransferase (AST) with degenerative changes in hepatocytes (Grosse et al., 2006 and Abu-
Taweel et al., 2014). On the contrary, some researchers reported that MSG taken with food showed no 
adverse effect (Stegink et al., 1985).  

Sodium nitrite, with the chemical formula NaNO2, is a white to slightly yellowish crystalline powder. 
It is used as an antimicrobial agent, a preservative and a color fixative in meats and fish and also it inhibits 
the growth of Clostridium botulinum, effectively control rancidity by inhibiting lipid oxidation, the 
microbiological safety of these foods and extends their safe shelf-life leading to excellent storage stability 
(Pearson and Gillett, 1996). Experimental studies have shown that a number of N-nitrosamines are 
carcinogenic in animal species. The toxic effects of nitrates and nitrites are well documented in 
mammalians, including impairment of reproductive function (Sleight et al., 1996), hepatotoxicity and 
methaemogobenemia (Swann, 1975). Instance, highly carcinogenic N- nitroso-compounds are produced 
when nitrite reacts with secondary amines and N-alkyl amides under acidic conditions in vitro (Agarwal et 
al., 2007).  

Green tea (Camellia Sinensis) contains the highest concentration of powerful antioxidants called 
polyphenols also known as green tea catechins (Veljković et al., 2015). The important catechins contents 
of green tea are epicatechin, epicatechin-3-gallate, epigallocatechin and epigallocatechin-3-gallate. These 
polyphenols in green tea can neutralize free radicals and may reduce some of the damage caused by 
reactive oxygen species (ROS) (Abdel-Raheem et al., 2010). Several epidemiological studies have shown 
beneficial effects of green tea in cancer, cardiovascular, neurological diseases and anti-inflammatory. The 
health benefits associated with green tea consumption have also been corroborated in animal studies of 
cancer chemoprevention, hypercholesterolemia, atherosclerosis, Parkinson's disease, alzheimer's disease, 
and other aging related disorders. The beneficial effects of green tea are attributed to the polyphenolic 
compounds (Zaveri, 2006). 

The aim of this study was to investigate the side effects of two types of food additives on body 
weight gain and some metabolic parameters in serum of rats treated with MSG and NaNO2, and whether 
green tea extract is able to improve these parameters and amelioration of the liver toxicity induced by 
MSG and NaNO2.  
 
Materials and Methods 
 
Green tea extraction: 

 
The green tea was obtained from the local market of Cairo, Egypt. The 10% (w/v) aqueous extract of 

green tea was prepared from the green tea leaves (100 g) with 1 liter of hot water (90 °C) for 20 min and 
then filtering through Whatman No. 1 filter paper (Chandra and De, 2010). The final volume of the extract 
was made up by adding distilled water if any amount of water was evaporated during the extraction 
process.  
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Animal feeding experiment: 
 
Animals:  

 
Twenty five male Sprague-Dawely strain rats, weighting from 130 to 145 g were obtained from the 

Ophthalmology Research Institute, Giza, Egypt. The animals were housed in stainless steel cages raised in 
the animal's house of Ophthalmology Research Institute. The rats were kept under normal healthy 
laboratory conditions and the temperature was adjusted at 25 ± 2 ºC with 12-hour light-dark cycle. 
Animals were adapted on free access of water, and fed for ten days on a standard diet before the initiation 
of the experiments (Zamore et al., 1991 and Al-Kanhal et al., 2002). Diet (basal diet) and water were 
available during the experimental period for all groups (60 days) ad-libitum. The basal diet is composed of 
: Casein, 10 %; cellulose, 5%; corn oil, 10 %; corn starch, 70 %; salt mixture, 4 % and vitamin mixture, 
1%, according  to Ain (1993). Body weight of all rats was measured each week for 60 days. 
 
Experimental design: 

 
Rats were randomly divided into 5 groups, each contains 5 rats: negative control group receiving 

regular diet with no treatment (G1). The second and third groups of rats (groups G2 and G3) were orally 
treated with MSG at dose 15 mg/kg BW per day in distilled water for 60 days. The fourth and fifth groups 
(groups G4 and G5) were orally treated with NaNO2 at a dose level 15 mg/kg BW per day in distilled water 
for 60 days. The third and fifth groups (groups G3 and G5) were treated orally with green tea extract at 
dose 1.5 ml/rat/day for 60 days concomitantly with oral administration of MSG and NaNO2, in the same 
doses like G2 and G4 groups, respectively. The second and the fourth groups were used as positive groups. 
All solutions (MSG, NaNO2 and green tea extract) were prepared fresh daily. 

 
Blood sampling:  

 
Blood samples were collected at the end of the experiment from the eye plexuses by fin capillary 

glass tubes. The sample was collected into both heparinized tubes to obtain the blood and into a dry clean 
centrifuged glass tube without any coagulant to prepare serum. Blood samples were left for 15 min at room 
temperature, and then the tubes were centrifuged for 10 min at 1500 g to obtain clean supernatant serum. 
Samples (serum and whole blood) were kept frozen at -20°C until the determination of glucose, insulin, 
total-cholesterol, HDL-C, LDL-C, triglycerides, ALT, AST, total protein, urea, creatinine, uric acid, 
catalase, glutathione peroxidase and total antioxidant capacity (TCA). 
 
Determination of glucose, insulin, total-cholesterol, LDL-C, HDL-C and triglycerides: 

 
Serum glucose and insulin were determined by Trinder, (1969) and Temple et al. (1992), 

respectively. Total cholesterol in the serum was determined by quantitative method of Roeschlau et al. 
(1974), low density lipoprotein-cholesterol, high density lipoprotein-cholesterol and triglycerides were 
determined according to the method of Wieland & Seidel (1983); Assmann (1979) and Trinder (1969), 
respectively using kits obtained from Biodiagnostic. 
 
Determination of catalase (CAT) Glutathione peroxidase (GSH-Px), total antioxidant capacity, Alanine 
aminotransferase (ALT) and Asparatate aminotransferase (AST), total protein, urea, creatinine and uric 
acid: 
 
Antioxidant: 
 

Catalase (CAT), GSH-Px activities and total antioxidant level were determined according to 
Nishikimi et al. (1972), Paglia and Valentine, (1976) and Koracevic et al. (2001), respectively using kits 
obtained from Randox Laboratories Ltd., Diamond Rod, Crumlin, Co. Antrim, United Kingdom, BT29Qy, 
respectively.. 
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Liver and kidney function, 
 

Alanine aminotransferase (ALT) and asparatate aminotransferase (AST) were determined by the 
method of Bergmeyer and harder, (1986). Also, Total protein, urea, creatinine and uric acid were 
determined by the methods of Lowry el al., (1951), Fawcett and Scott (1960), Larsen (1972) and Caraway 
(1955), respectively.  

Homeostasis model assessment index was estimated to characterize insulin sensitivity were 
calculated according to Matthews et al. (1985) by the following equation: 

Insulin resistance = (fasting insulin × fasting glucose) / 22.5  
 
Histopathological examination:  

 
Specimens from liver tissues were collected from rats of all experimental groups at the end of the 

experimental (eight weeks), fixed in 10% neutral buffered formalin, dehydrated in alcohol, cleared in xylol 
and embedded in paraffin. 4µ thickness sections prepared and stained with Hematoxylene and Eosin for 
examining both fore and glandular parts of the stomach (Carleton, 1976).  
 
Statistical analysis:  

 
The data were subjected to statistical analysis using the standard analysis of variance as outlined by 

Snedecor and Cochran (1980) and the differences among means of diet effects were tested for the least 
significance differences value (LSD) at 0.05 probabilities by using Duncan's multiple range tests.  
 
Results 
 
Nutrition parameter: 
 

As shown in Table (1), MSG- and NaNO2-treated rats were significantly higher (P<0.05) body weight 
gain (groups G2 and G4) compared with negative control group (G1) while green tea extract treatments 
significantly reduced body weight gain (groups G3 and G5) compared with positive experimental groups 
(groups G2 and G4), respectively. 
 
Table 1: Effects of the food additives monosodium glutamate (MSG) and sodium nitrite (NaNO2) individually and their 

combinations with green tea extract on body weight of the male rats. 

Treatment 
Initial body weight 

(g) 
Final body weight  

(g) 
Weight gain 

(%) 
G1(Negative control) 142.7 ± 7.1  a 216.2 ± 22.9 c 51.5 
G2 (Positive group, MSG) 139.7 ± 10.4 a 287 ± 10.6 a 106 
G3 (MSG + green tea extract) 139.5 ± 4.1 a 246.5 ± 6.8 b 76.7 
G4 (Positive group, NaNO2) 138.5 ± 4.6 a 274 ± 18.9 a 170 
G5 (NaNO2 + green tea extract) 140.5 ± 10.2 a 228.2 ± 10.6 bc 62.4 
L.S.D (P<0.05) 0 22.9 - 

Each value represents the mean ± SD.                                            
The mean values with different superscript alphabets indicate significant differences (P<0.05) using LSD test. 

 
Glucose, insulin and insulin resistance (HOMA): 
 

Fasting blood glucose and insulin levels were comparable in all experimental groups (Table 2), 
whereas MSG and NaNO2-treated rats (groups G2 and G4) had significantly higher levels of fasting blood 
glucose and insulin than negative control group (G1). As a result, MSG and NaNO2 rats had a significantly 
high homeostasis model assessment index (HOMA), indicating development of resistance in insulin. 
However, green tea extract treatments had reduced the glucose, insulin and HOMA levels in group G3 by 
about 16%, 19% and 31% and in group G5 by about 18%, 17%, and 32% when compared to positive 
experimental groups (groups G2 and G4), respectively. 
 
Serum lipid profile: 
 

Oral administration food additives MSG and NaNO2 (groups G2 and G4)  for 60 days significantly 
increased plasma total cholesterol, LDL- cholesterol and triglycerides, while HDL- cholesterol was 
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significantly decreased when compared to negative control group (G1) as shown in Table (3). Animals 
receiving green tea extract had significantly reduced T-cholesterol, LDL-C and triglycerides (groups G3 
and G5) compared to those MSG and NaNO2 groups (groups G2 and G4), respectively. Administration 
green tea extract treatments improved HDL-C values to the normal ones or near (groups G3 and G5).   

 
Table 2: Effects of the food additives monosodium glutamate (MSG) and sodium nitrite (NaNO2) individually and their 

combinations with green tea extract on glucose, insulin and insulin resistance (HOMA) levels. 

Treatment 
Fasting blood glucose 

(mg/dl) 
Insulin  

(µIU/ml) 
HOMA 

G1 (Negative control) 67.1 ± 2.4  c 20.5 ± 1.1 cd 61.3 ± 2.2 d 
G2 (Positive group, MSG) 96.7 ± 6.1 a 24.9 ± 0.5 b 107.3 ± 6.8 b 
G3 (MSG + green tea extract) 81.2± 5.8 b 20.2 ± 0.4 d 73.1 ± 5.2 c 
G4 (Positive group, NaNO2) 99.2 ± 1.2 a 26.3 ± 1.2 a 116.1 ± 1.4 a 
G5 (NaNO2 + green tea extract) 81.4 ± 5.5 b 21.7 ± 0.7 c 78.4 ± 5.3 c 
L.S.D (P<0.05) 7 1.25 7 

Each value represents the mean ± SD.                                            
The mean values with different superscript alphabets indicate significant differences (P<0.05) using LSD test. 

 
Table 3: Effects of the food additives monosodium glutamate (MSG) and sodium nitrite (NaNO2) individually and their 

combinations with green tea extract on plasma total-cholesterol, HDL-cholesterol, LDL-cholesterol, and 
triglycerides in rats. 

 
Treatment 

T.cholesterol 
(mg/dl) 

HDL 
(mg/dl) 

LDL 
(mg/dl) 

Triglycerides 
(mg/dl) 

G1(Negative control) 72.2 ± 2.6 c 32.8 ± 2.8 a 25.7 ± 2.2 c 72.3 ± 2.5 d 
G2 (Positive group, MSG) 97.8 ± 2.4 a 20.6 ± 2.3 d 45.8 ± 2.4 a 156.9 ± 5.5 a 
G3 (MSG + green tea extract) 71.2 ± 1.8 c 28.6 ± 2 bc 25.4 ± 1.7 c 86.9 ± 1.9 c 
G4 (Positive group, NaNO2) 92.45 ± 2.5 b 25.9 ± 0.9 c 40.8 ± 3.1 b 138.9 ± 2.9 b 
G5 (NaNO2 + green tea extract) 72.3 ± 2.5 c 30.1 ± 0.9 ab 26 ± 2.5 c 81.5± 2.6 c 
L.S.D (P<0.05) 3.6 2.9 3.7 6.1 

 Each value represents the mean ± SD.                                            
The mean values with different superscript alphabets indicate significant differences (P<0.05) using LSD test. 

 

Enzyme activities and serum metabolites concentration (liver and kidney functions): 
 

In addition, MSG and NaNO2 groups (G2 and G4) exhibited increased activities of ALT and AST 
and levels of creatinine, urea and uric acid, whereas catalase, GSH-Px, total antioxidant and total protein 
were reduce in the same groups compared to untreated rats (G1) as shown in Table (4 and 5).  

 
Table 4: Effects of the food additives monosodium glutamate (MSG) and sodium nitrite (NaNO2) individually and their 

combinations with green tea extract on some serum metabolites concentration (liver and kidney functions). 
 
Treatment 

ALT 
(U/L) 

AST 
(U/L) 

Total 
protein 
(g/dl) 

Urea 
(mg/dl) 

Creatinine 
(mg/dl) 

Uric acid 
(mg/dl) 

G1 (Negative control) 37.8 ± 3.6 b 86 ± 4.2 c 9.2 ± 0.3 a 43.8 ± 1.3 d 1.3 ± 0.1 b 1.3 ± 0.1 b 
G2 (Positive group, MSG) 62.3 ± 1.9 a 189.7 ± 4.1 a 5.9 ± 0.5 b 62.6 ± 1.7 b 2.2 ± 0.1 a 2.2 ± 0.1 a 
G3 (MSG + green tea extract) 35.1 ± 2.1 b 89.1 ± 2.7 c 8.6 ± 0.5 a 45.9 ± 3.5 d 1.2 ± 0.1 b 1.2 ± 0.1 b 
G4 (Positive group, NaNO2) 62.1 ± 2.3 a 176.5 ± 11.8 b 6.3 ± 0.6 b 66.7 ± 1.2 a 2.2 ± 0.1 a 2.2 ± 0.1 a 
G5 (NaNO2 + green tea extract) 36.4 ± 3.1 b 91.73 ± 2.4 c 8.7 ±0.3 a 52 ± 1.5 c 1.2 ± 0.1 b 1.2 ± 0.1 b 
L.S.D  (P<0.05) 4.1 9.3 0.7 3.1 0.2 0.3 
Each value represents the mean ± SD.                                            
The mean values with different superscript alphabets indicate significant differences (P<0.05) using LSD test. 
 
Table 5: Effects of the food additives monosodium glutamate (MSG) and sodium nitrite (NaNO2) individually and their 

combinations with green tea extract on some enzymes antioxidant activity.  
Treatment Catalase 

(U/g Hb) 
GSH-Px 
(U/g Hb) 

Total antioxidant 
(mM/L) 

G1(Negative control) 95.8 ± 5.8 b 216.8 ± 14.9 a 202.5 ± 2.3 c 
G2 (Positive group, MSG) 45 ± 4.1 c 89.3 ± 11.2 d 106.5 ± 1.6 d 
G3 (MSG + green tea extract) 102.1 ± 1.8 a 184.2 ± 4.7 b 383.8 ± 10.6 a 
G4 (Positive group, NaNO2) 48.2 ± 2.6 c 107.9 ± 12.9 c 105.9 ± 3.5 d 
G5 (NaNO2 + green tea extract) 100 ± 1.9 ab 195.6 ± 6.1 b 310.8 ± 4.3 b 
L.S.D (P<0.05) 5.4 16.2 8.2 

Each value represents the mean ± SD.                                            
The mean values with different superscript alphabets indicate significant differences (P<0.05) using LSD test. 
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Notably, green tea extract oppositively decreased ALT, AST, creatinine, urea and uric acid levels and also 
promoted an augment of catalase, GSH-Px, total antioxidant and total protein levels in groups G3 and G5 
compared with positive experimental groups (groups G2 and G4), respectively. The changes in the liver 
function parameters could be attributed to damage in the liver that proved by the results of the 
histopathological alterations demonstrated in this organ (Fig. 1). 
 

 
 

Slide 1: Negative control group (basal diet,G1) 

  

Slide 2: Group2 (G2) (Positive group, MSG) Slide 3: Group3 (G3) (MSG + green tea extract) 

 

      Slide 4: Group4 (G4) (Positive group, NaNO2) 
 

Slide 5: Group5 (G5) (NaNO2+green tea extract) 
 Fig. 1: Histopathological changes in liver tissue sections. 
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The histopathological findings of the liver are shown in Figure (1). Microscopical examination of rat 

liver tissues of negative control group showed no histopathological changes (G1). Tissues obtained from 
the liver of rats treated with MSG (group G2) reveals congestion of central vein and hepatic sinusoids, 
cholangitis and cytoplasmic vacuolation of hepatocytes. Furthermore, several pathological changes were 
demonstrated in the liver tissue of treated rats with sodium nitrite ( group G4) including hyperplasia of 
epithelial lining bile duct and thickening in its wall, cytoplasmic vacuolization of hepatocytes, congestion 
of central vein and hepatic sinusoids and focal hepatic necrosis associated with inflammatory cells 
infiltration. While, Histological evaluation of liver animals in MSG and NaNO2 groups treated with green 
tea extract had nearly normal liver tissues (groups G3 and G5). Green tea extract is able to improve 
biochemical parameters and amelioration liver toxicity induced by MSG and NaNO2. 
 
Discussion 

 
We proposed to investigate the consequences of MSG- and NaNO2-induced alterations and the role of 

green tea extract to improve and amelioration liver toxicity induced by MSG and NaNO2. The result of the 
present study revealed that rats treated with both types of food additives (MSG and sodium nitrite) at doses 
15 mg/kg body for 60 days had significantly higher body weight gain (groups G2 and G4) as compared 
with the negative control ones (Table 1). It was observed that the groups treated with green tea extracts 
reduced gain body weight (groups G3 and G5), compared with the positive groups (G2 and G4), 
respectively. Some previous studies also indicated the same results (Makoto et al., 2002, Hermanussen et 
al., 2006 and Abdel-Reheim et al., 2014). Also, as shown later the higher changes of serum glucose, 
insulin, insulin resistance, total cholesterol, LDL- cholesterol concentration, triglycerides and HDL-c were 
observed in same groups G2 and G4 (Tables 2 and 3) indicated risk factors to occur hyperlipidemia and 
obesity so both groups had the highest rate in body weight gain (Baculikova et al., 2008 and Schummer et 
al., 2008). Diniz et al., (2005) found that rats on the MSG diet consumed higher amount of diet than those 
on the control group. Therefore, the increased glucose, insulin levels and leptin resistance seen in the MSG 
group were a consequence of the increased food intake in these animals. The oxidative stress in MSG rats 
was associated with increased food intake. Overfeeding increases obstruction of electron flow and 
enhances degenerative diseases by free radical generation. Increased caloric intake is an important factor to 
decrease mitochondrial membrane fluidity and to generate free radicals (Diniz et al., 2004). Finally, in the 
present study, trends showed that body weight gain decreased in animals consuming the green tea extract 
(groups G3 and G5). This observation is consistent with previous studies indicating that green tea 
catechins contribute to body weight regulation by increasing fat oxidation, energy expenditure in 
experimental animals, significant reduction in food digestion and suppressed the leptin concentration 
(Hininger-Favier et al., 2009). 

The results of the present study revealed that rats consumed both types of food additives (Groups G2 
and G4) had significantly higher concentration of serum cholesterol, LDL-C and triglycerides levels while 
HDL concentration showed a reduction in its level when compared to negative control rats (G1). These 
results run parallel with (Khadiga et al., 2009, Hassan and yousef, 2010). The cholesterol pool in the 
intestine comes from dietary cholesterol and the majority from biliary excretion. Approximately 50% of 
the intestinal cholesterol pool is reabsorbed by the intestine and recirculated through the body (via the 
entero-hepatic circulation), with the remainder excreted in feces (Grigore et al., 2007). The deviation from 
normal values of cholesterol, in the blood serum is considered as symptoms of liver diseases (Singh et al., 
1988). The recent studies recorded that the higher plasma TG could be linked to the increased number of 
medium VLDL particles. It has been shown that medium VLDL particles are associated with visceral fat 
area in obese individuals (Okasi et al., 2005). However, body weight gain, serum glucose, insulin, insulin 
resistance, total cholesterol, LDL- cholesterol concentration, and triglycerides were significantly lower in 
rats given MSG and sodium nitrite and treated with green tea extract (groups G3 and G5) compared with 
positive control groups (G2 and G4) respectively, (Tables 1, and 3). 

The development metabolic impairments has been tightly linked to hyperphagia (Diniz et al., 2005) 
as evidenced by BW gain, but it has also found here to be associated with insulin resistance/glucose 
tolerance, hyperleptinemia and dyslipidemia. Rats given MSG probably had the center of appetite 
regulation compromised. Leptin, a protein secreted by adipocytes, is essential to induce satiety after 
binding to its receptor in the hypothalamic sites (Dawson et al., 1997). Leptin has effects on modulating 
energy expenditure, appetite, and neuroendocrine functions. In addition, leptin has been shown to stimulate 
inflammatory responses (Shen et al., 2012). It is believed that the effects caused by MSG toxicity-related 
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hyperphagia must be due to an inefficiency of leptin to bind its receptor (Afifi and Abbas, 2011), thereby 
increasing serum leptin levels. In our study, the concentration of fasted circulating glucose was increased 
followed by MSG treatment. These values possibly indicate impaired tissue insulin sensitivity and/or 
stimulation of hepatic gluconeogenesis. Although the mechanisms causing metabolic alterations are still 
obscure, it has been proposed that metabolic dysfunction is associated with deterioration of pancreatic β-
cells activity (Prentki and Nolan, 2006). Thus, the enhanced glucose-induced insulin releasing contributes 
to hyperinsulinemia (Grassiolli et al., 2007). Curiously, insulin oversecretion and alteration in pancreatic 
autonomic nervous system have been reported in these MSG-obese rodents (Balbo et al., 2002). It seems 
true that insulin sensitivity is influenced by the redox state of the organism, whereby oxidative processes 
may trigger the development of insulin resistance (Evans et al., 2002). Emerging data has proved that ROS 
react with protein thiol moieties to produce a variety of sulfur oxidations which attenuates insulin receptor 
signal and inhibits cellular uptake of TG from blood stream (Chen et al., 2003). This can explain the 
increased serum TG levels in MSG animals. When green tea extracts were administrated, fasting glucose, 
insulin, and triglycerides all decreased. These data are consistent with the insulin-enhancing activity of 
green tea that we observed previously in vitro (Anderson and Polansky, 2002). Green tea extracts regulate 
the expression of genes involved in glucose uptake and insulin signaling (Cao et al., 2007). Kl et al., 
(2005) stated that green tea has been associated with lower serum levels of cholesterol, triglycerides, and 
LDL-cholesterol but higher serum levels of HDL-cholesterol in rats by decreasing lipogenesis. In support 
of the present results, recent reports have shown that epigallocatechin 3-O-gallate (EGCG) reduces the 
level of mRNA for gluconeogenesis enzymes (Kakey et al, 2014). 

Flavonoids have been described as modulators of lipid homeostasis in the adipose tissue and liver, 
through the inhibition of phosphodiesterases (Peluso, 2006). One of the mechanisms of polyphenols 
actions has been attributed to their antioxidant action resulting in the inhibition of LDL oxidation, but 
another role for these compounds includes alteration of hepatic cholesterol absorption, triglyceride 
assembly and secretion (Rivera et al., 2008). Since these alterations might be considered as a problem of 
defective energy balance regulation (Reeds et al., 1996). Tea contains many compounds and represents the 
richest source of natural polyphenols that has been considered to have health promoting effects in the 
prevention of degenerative diseases. The protective effects can be mainly attributed to the antioxidant 
properties (Arai et al., 2000), indirectly acting on the cholesterol levels. Therefore, LDL-chol and VLDL-
chol would be protected against deleterious effects arising from oxidative process and its recognition by 
target cells would be determined (Carrero et al., 1998). Other hypothesis includes the role of antioxidant 
on decreasing HMG-CoA reductase activity, an enzyme required for cholesterol synthesis, the potential of 
reducing atherogenic index and lipoperoxidation (Arai et al., 2000; and Lapointe et al., 2006). These 
events could, at least partially, explain the great improvement in lipid profile. Green tea epicatechins and 
epigallocatechin gallate have been found to modulate the increase in LDL-cholesterol, probably by 
decreasing the apoB (the principal protein that comprises nearly 90% of total protein mass of LDL), and 
the decrease in HDL-cholesterol in experimental animals (Kakey et al., 2014). 

The daily intake of MSG and NaNO2 exhibited an increase in ALT and AST in groups G2 and G4 
when compared to negative control group (Table 4). These results are in accordance with (Ibrahim et al., 
2010 and Egbuonu et al., 2011). Liver enzymes activities were used as important biomarkers for detection 
of hepatotoxicity. The liver is the most sensitive organ to pre-oxidative damage because it is rich in 
oxidizable substances. The more severe the liver damages the higher release of the liver enzymes (El-
Khayat et al., 2009). Increase in serum level of ALT and AST as observed in groups induced with these 
additives may reflect damage of liver cells and cellular degeneration or destruction in this organ might be 
due to the increased permeability of plasma membrane or cellular necrosis (Pari and Arumugam, 2008). 
When the liver cell membrane is damaged, varieties of enzymes normally located in the cytosol are 
released into the blood stream. Elevation of AST and ALT indicates the utilization of amino acids for the 
oxidation or for gluconeogenesis and is used to determine liver damage and cell necrosis due to toxicity 
(Kalender et al., 2005 and Etim et al., 2006). The increase in the activity of AST and ALT enzymes in the 
serum of NaNO2-treated rats could be attributed to the formation of over 300 cytotoxic N-
nitrosocompounds, in the acidic environment of the stomach as a result of combination of sodium nitrite 
with secondary amines in the food or the body, causing severe hepatic and renal necrosis (Kalantari and 
Salehi, 2001) or may be due to anemia and methaemoglobinemia. Nitrates and nitrites trigger destruction 
of vitamin A and B-group vitamins (Saint-Blanquat, 1980), thereby promoting anemia which induced 
hypoxic injury to centrilobular hepatocytes that consequently cause enzyme leakage (Elsabagh et al., 
2014). 
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In addition to its antioxidant action, green tea extract seems to protect the liver and ameliorate 
hepatic function (Vieira et al., 2011). It was observed that MSG- and NaNO2 induced metabolic alterations 
resulted in hepatic damage by increasing ALT and AST activities, as already mentioned by Farombi and 
Onyema (2006) and Yousef et al. (2010). Otherwise, green tea extract was effective to reduce them to 
normal levels as shown in Table (4). Changes in ALT and AST activity are associated with pathological 
processes that affect the integrity of cell causing high membrane permeability. Interestingly, it is believed 
that green tea-induced hepatoprotective effect might be a direct consequence of the redox state 
stabilization by the cells (Yousef et al., 2010).  

Our results demonstrated that the daily intake of MSG and NaNO2 exhibited an increase in serum, 
urea, creatinine and uric acid concentrations (groups G2 and G4) when compared with the normal control 
group G1 (Table 4). The elevation of these parameters in present study denotes inability of the kidney to 
excrete these products. Some previous studies also indicated the same result (Piacenza et al., 2009 and 
Vinodini et al., 2010). Hyperuricemia is associated with generation of free radicals (Jin et al., 2012). 
Xanthine oxidase catalyses the oxidation of hypoxanthine/xanthine to uric acid and generates superoxide 
radicals leading to oxidative stress (Paul et al., 2012). Increased concentration of xanthine oxidase was 
observed in rats injected with MSG (Singh and Pushpa 2005). Zurovsky, and Haber (1995) observed that 
food preservatives caused changes in kidney convoluted tubules cell lining as well as in Bowman’s 
corpuscles. Khadiga et al., (2009) observed that there is an elevation in kidney functions parameters after 
administration of MSG and lead to alterations in kidney functions, these impairments could also be 
attributed to the changes in the threshold of tubular reabsorption, renal blood flow and glomerular filtration 
rate (GFR) (El-sheikh and khalil, 2011). Furthermore, the elevation in kidney functions parameters after 
administration of NaNO2 treatment, suggesting an impairment of kidney functions. These effects could 
also be attributed to the cytotoxic effect of N-nitrosocompounds in renal (Zurovsky and Haber, 1995). In 
the current study, rats treated with MSG and NaNO2 (groups G2 and G4) showed that there is a reduction 
in total protein in rats when compared to the negative control ones (G1). These results are in accordance 
with (Abdeen et al., 2008, Hassan and yousef, 2010 and El-sheikh and Khalil, 2011). Yousef et al., (2010) 
indicated an inhibitory effect of some food additives on the biosynthesis of protein and albumin which in 
turn reflects that the liver is unable to perform its functions. These data suggest a stimulation of thyroid 
and adrenal glands by MSG and NaNO2 which lead to a blocked protein synthesis, fast break down, 
increased rate of free amino acids and decreased protein turnover (Abdeen et al., 2008). On the hand, it 
was described that MSG and NaNO2 liver and kidney which play an important role in its removal that 
could clarify the occurrence of pathological changes in these organs (Elsabagh et al., 2014). 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 may be damaged by such toxins. Other 
possible mechanisms for the tubular lesions may involve reactive intermediates or oxidative stress, or both 
(Alden and Frith 1992). In the present study, it was found that the oral administration green tea extract to 
MSG- and NaNO2-treated rats restored kidney function to nearly negative control. Dufresne and Farnworth 
(2001) reported that the catechin in green tea is clearly effective in reducing oxidative stress and 
inflammatory reactions in kidney tissue. 

An antioxidant is any substance that when present at low concentration significantly delays or 
prevents oxidation of cell content like proteins, lipid, carbohydrates and DNA (Irshad and Chaudhuri, 
2002).The present result revealed that oral administration of MSG and NaNO2 suppressed the activity of 
catalase (CAT), glutathione peroxides (GSH-Px) and the level of total antioxidant in blood in both types of 
additives and significant amelioration in these parameters after combination with green tea extract as 
shown in Table (5). These results agreed with those reported by (Voja et al., 2007 and Hassan and Yousef, 
2010). The reactive oxygen species (ROS) such as superoxide anion, hydroxyl radical and H2O2 could be 
produced in the metabolism of nitrosamines and MSG and increase oxidative stress (Bansal, 2005). 
Excessive ROS production that exceeds critical levels can overwhelm all antioxidant defense strategies, 
causing oxidative stress (Sikka, 2001). As a result of the ROS formation, the antioxidant defense 
mechanism of the cells including CAT, SOD, GSH-Px and GSH began to be consumed to prevent the cell 
death by these toxic radicals or the inhibition of these enzymes by these radicals (Amin et al., 2010). 
Therefore, antioxidant enzymes could play a crucial role on MSG toxicity (Seiva et al., 2012). Thus, the 
changes in oxidative defense systems and increase the level of oxidants in the liver tissues associated with 
MSG exposure leading to increased lipid peroxidation as shown in figure (1) in groups G2 and G4. Lipid 
peroxidation has been implicated in the toxic effect of many chemicals and in many tissue injuries and 
disease processes (Marcio et al., 2008).  
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Lipid peroxidation could be increased due to the increases in the blood glutamate and glutamine 
which are reported to favour lipogenesis (Malik and Ahluwalia, 1994). In liver, glutamine degradation 
yields glutamate which then undergoes oxidative deamination to produce ammonium ions, α-ketoglutarate 
and NADH. Hence, the increased level of glutamine could also initiate lipid peroxidation by changing the 
redox potential of the cell (Vinodini et al., 2010). The decreased in antioxidant enzymes activity and total 
antioxidant may have been response to elevated oxidative stress. NaNO2-inhibited glutathione content and 
catalase enzyme activity in the plasma may be attributed to the observed induction of LPO and may be 
explained according to their function as a free radical scavenger, which suppress the formation of the 
reactive oxygen species (ROS) and/or oppose their action (Shahjahan et al., 2005). DNA damage was 
induced by radicals formed in the reaction mixtures of phenol and nitrite. Furthermore, several 
pathological changes were demonstrated in the live tissue of treated rats with MSG and sodium nitrite. 
These changes could be attributed to the role of food additives (MSG and NaNo2) in the induction of 
oxidative stress or due to the ability of these compounds to induce oxidative damage in the brain, kidney 
and liver (Farombi and Onyema, 2006). Administration of green tea extract enhanced catalase and GSH-Px 
activities and total antioxidant in groups G3 (MSG + tea extract) and G 5 (NaNO2 + tea extract treated rats) 
were able to reduce both glucose and insulin levels in these rats compared to animals given only MSG and 
NaNO2. It has been strongly demonstrated that green tea extract acts as a powerful antioxidant by either 
scavenging ROS after diffusion into the lipid bilayer membranes or by promoting antioxidant activities 
(Vieira et al., 2011). The antioxidant property of flavonoid compounds of green tea extract contributes to 
decrease the oxidative stress in liver, increase the levels of antioxidant enzymes (superoxide dismutase, 
catalase and glutathione), suppressed the production of proinflammatory cytokines (IL-1α, IL-2, IL-4, IL-
10, GM-CSF, IFN-γ, and TNF-α) and enhanced antioxidant capacity (El-Beshbishy, 2005). Epidemiologic 
studies suggest that green tea consumption reduces serum aminotransferases commonly used markers of 
liver injury. The hepatoprotective activities of green tea are attributed to its catechins that scavenge 
ROS/RNS in vitro (Hasanein et al., 2012).  

Tissues obtained from the liver of rats treated with MSG (G2) and NaNO2 (G4) reveals several 
pathological changes. Our result has shown that tea extract supplementation has the ability to prevent 
hepatocellular damage in rats, restores the activity of antioxidant enzymes, and reduces the generation of 
free radicals and lipid peroxidation. The release of liver alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) was inhibited in rats probably by chemical components of tea extract that may 
stabilize the integrity of the cell membrane and keeping the membrane intact and the enzymes enclosed 
through scavenging free radicals (Kakey et al., 2014). Thus, the hepatoprotective effect of green tea 
extracts found in the present study may be due to inhibition of the oxidative stress, induced by food 
additives, by increasing cellular antioxidant capacity and reducing membrane lipid peroxidation (Shen et 
al., 2012). 

In conclusion, because the deleterious effects of MSG and NaNO2 that not seen in rats that received 
green tea extract. It can be concluded that green tea extraction successfully improves nutritional parameter 
and ameliorates the metabolic alterations caused by MSG and NaNO2 treatment. Moreover, green tea 
extract normalized glucose levels and minimized the MSG and NaNO2 related toxic effects on liver and 
kidney functions. These effects are associated to the powerful antioxidant properties of green tea extract. 
We encourage a high intake of plant foods, rich in antioxidants, as it produces beneficial effects against 
metabolic disorders.  
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