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Abstract: The aim of this study is to estimate whether treatment with â-carotene and / or N-acetyl

cysteine (NAC) - the non-enzymatic antioxidants- and their synergistic combination would reverse liver

damage induced by intraperitoneal injection of monosodium glutamate (MSG) in rats. Animals were

divided into two major groups. Group I was consisted of four healthy normal subgroups; control (not

received any drug), NAC, â-carotene and combination of NAC and â-carotene-treated groups (Gs 1, 2,

3 and 4, respectively). Whereas group II comprised of four MSG-treated groups; MSG control, NAC,

â-carotene and combination of NAC and ß-carotene-treated groups (Gs 5, 6,7 and 8, respectively). The

present results revealed that, MSG caused an imbalance in oxidative state in liver tissue which is

indicated by significant increases in levels of malondialdehyde (MDA, index of polyunsaturated fatty acid

oxidation) and nitric oxide (NO, marker of vascular disorders) with a concomitant decrease in the 

hepatic contents of the antioxidants; L-ascorbic acid and reduced glutathione (GSH). Moreover, MSG

induced an increase in serum activities of liver enzymes; alanine aminotransferase (ALT), aspartate

aminotransferase (AST), alkaline phosphatase (ALP) and lactate dehydrogenase (LDH) as well as a

decrease in albumin level. These results were supported by necrosis observed by histopathological

examination. Supplementation of MSG-treated rats with NAC and/or â-carotene significantly improved

the alternation in most of the previously mentioned parameters. Co-administration of NAC and â-carotene

showed the most significant improvement hopping that this combination may protect liver from harmful

effects of hepatotoxin agents. 
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INTRODUCTION

Monosodium glutamate (MSG), the sodium salt of

glutamate, is commonly used as a flavor enhancer

especially in Chinese, Thainese and Japanese foods .[1,2]

Glutamic acid is the most prevalent amino acid

contained  in  the diet . It is naturally present in[3]

many  foods  either  in free or bound state of animal

or  vegetable  origins  such  as mushroom, tomato,

fish and cheese . [4]

MSG could produce symptoms such as numbness,

weakness, flushing, sweating, dizziness and headaches.

In addition to these MSG symptom complex, ingestion

of MSG has been alleged to cause or exacerbate

numerous conditions, including asthma, urticaria, atopic

dermatitis, ventricular arrhythmia, neuropathy and

abdominal discomfort .[5]

Olney  reported that the subcutaneous injection of[6]

MSG led to acute lesions in the brain of adult mice

causing alterations in the levels of growth hormone ,[7]

sex hormones  and thyroid hormones . Alterations in[8] [9]

the levels of thiobarbituric acid reactive substances

(TBARS) and antioxidants like reduced glutathione,

catalase and superoxide dismutase were reported in

adult mice during MSG treatment . Furthermore,[10,11]

disruption in the levels of biochemical parameters such

as carbohydrates, lipids and proteins in MSG-treated

rats were also well documented . [12]

Liver is one of the most metabolic organs in the

body; MSG has been found to increase the activities

of serum aspartate aminotransferase (AST), and alanine

aminotransferase (ALT) enzymes . Moreover, MSG[13,15]

causes membrane damage by initiating free radical and

increasing lip id  hydroperoxide concentration.

Furthermore, it increases hepatic calcium and ascorbic

acid and decreases both superoxid dismutase (SOD)

activity and reduced glutathione (GSH) level in hepatic

tissue . Since MSG administration initiates[13,18]

oxidative stress in hepatic tissue due to the reduction

of antioxidant enzymes, so, treatment with antioxidant

may play an important role in the protection against

MSG-induced liver damage.

N-acetyl-cysteine (NAC), the acetylated and more

absorbed form of L-cysteine, is one of a large group
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of exogenous antioxidant drugs that may protect

against oxidative tissue injury. The drug was initially

introduced into clinical medicine as a mucolytic

agent , which led to its use in pulmonary diseases[19]

complicated  by  obstructive  mucous production.

Later, its antioxidant properties led to be the drug of

choice in treatment of acetaminophen intoxication .[20,22]

Being the precursor of glutathione (GSH), NAC

provides protection from liver damage by elevating

intracellular GSH levels . GSH is considered the[23,24]

most important antioxidant in the body because of its

location intracellulary which enhances its ability to

neutralize free radicals. 

NAC has been shown to have antimutagenic

ac t iv i ty  to w a rd s  v a r io u s  geno to x ic  agen ts .

Administration  of  NAC  can  reduce  the incidence

of  intestinal  tumors  in  rats and significantly

lowered  the  colic tumor yield . NAC may reduce[25]

the  risk  of  colon  cancer  in  people  with 

recurrent polyps in the colon. NAC appears to have

some clinical  usefulness as a chelating agent in the

treatment  of acute heavy metal poisoning (mercury

and  cadmium)  and prevents their accumulation in

liver and kidney .[26]

A natural antioxidant, â -carotene is part of a

larger family of nutrients called carotenoids. â-carotene

is a vitamin A precursor carried in plasma and

LDL .  Like other antioxidants, â -carotene protects[27]

the body against free radicals, quench singlet oxygen,

and reduce peroxyl radicals . â-carotene also induces[28]

hepatic enzymes that detoxify carcinogens . In both[29]

observational  and  case  control  studies, the intake

of carotenoid-rich fruits and vegetables has been found

to be inversely correlated with risk for cardiovascular

disease .[30]

â-carotene supplementation may also help to

strengthen the immune system , increase lung[31]

capacity , reduce cholesterol levels , reduce the[32] [33]

skin's risk to sun and protect against UV light-induced

erythema . Adequate amounts are essential for a[34]

healthy body and its benefits can increase when taken

with other antioxidants like vitamins C and E.

â-carotene and other carotenoids have been thought to

have anti-cancer activity, either because of their

antioxidant activity or because of their ability to be

converted to vitamin A .[35]

The purpose of this study was to evaluate the

expected role of NAC and â-carotene and the possible

synergistic effect of their co-administration to

counteract the hazardous effects of  I.P. injection of

MSG in rats. This was achieved through monitoring

liver function tests, oxidative status; malondialdehyde

(MDA), GSH, L-ascorbic acid and nitric oxide (NO)

levels as well as histopathological examination of

hepatic tissues.

MATERIALS AND METHODS

Animals: Adult male Wistar albino rats (180- 200 gm)

were obtained from king Saud University Animal Care

Center. The animals were housed in cages under

standard hygienic condition and were fed with rat

chow and water ad libitum. In order to optimize drug

absorption, all animals were fasted for 1 hour prior to

drug administration. The experiments were approved

by the Research Ethics Committee of College of

Pharmacy, King Saud University, Riyadh, Saudia

Arabia.

Chemicals: MSG was purchased from BDH laboratory

(Poole, UK), â-carotene and NAC from Pharco CO.,

Egypt. All chemical reagents were of analytical grades

and purchased from Sigma Chemical Co. (St. Louis,

Mo, USA).                                     

Experimental Design: The experimental part of this

study was included two major groups (I and II), each

group was consisted of 40 rats.  MSG was

administered  intraperitoneally at a dose of 4 mg/g

body wt  three times a week for three weeks to all[15]

subgroups  of group II. NAC and â-carotene (20 and

10 mg/kg, respectively)  were administered three[36,37]

times a week for three weeks by I.P. injection one

hour before MSG administration. MSG and NAC were

dissolved in distilled water and ß-carotene was

suspended in gum acacia.  

Control Group I: The control group was comprised

of MSG -untreated rats and was further subdivided

into four subgroups each group  was consisted of 10

rats: Group (1) is normal  control, Group 2 : normal

treated with â-carotene, Group 3: normal treated with

NAC and Group 4: normal treated with combination

of ß-carotene and NAC.

Treated Group II: The treated group was comprised

of MSG- treated rats and was further subdivided into

four subgroups each group was consisted of 10 rats:

Group 5: control treated with MSG, Group 6: MSG

treated with â-carotene, Group 7: MSG treated with

NAC and Group 8: MSG treated with â-carotene and

NAC. 

Blood and Liver Separation: At the end of treatment

the animals were sacrificed 24 hour following to the

last dose. Blood samples were withdrawn from
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retroorbital of the eye and collected in glass tubes.

Serum was separated by centrifugation for 10 minutes

at 3000 rpm and stored at -80  C until biochemicalo

analysis. Some liver lobes were kept in 10 %formalin

for histopathological examination.

Tissue Homogenate: Some liver tissue was separated

and homogenized in phosphate buffer to yield 25%

homogenates. The homogenate was centrifuged for 15

minutes at 3000 rpm. The supernatant was stored at

-80ºC then used for biochemical analysis. 

Biochemical Assays:

Serum Determinations:

Determination of Aminotransferase (ALT and AST)

activities: They were determined according to the

method of the Reitman and Frankel using Bio Merux

Kits .[38]

Determination of Alkaline Phosphatase (ALP)

Activity: ALP was estimated according to standard

method described by Ochoa using Randox Kits .[39]

Determination of Albumin Level: Serum albumin was

estimated according to the method of Doumas et al .[40]

T h e  o b t a i n e d  c o l o r  w a s  m e a s u r e d

spectrophotometrically at wavelength 628 nm .[40]

Determination of Lactate Dehydrogenase (LDH)

Activity: LDH was measured using kinetic kits

obtained from Quimica Clinica Aplicada    [41]

Determination of Nitrite Level: Nitrite, a stable end

product of nitric oxide radical, is mostly used as

indicator for the production of nitric oxide.  Nitrite

level was determined according to the method of

Moshage et al.,  using Griess reagent .[42] [42]

Liver Tissue Determinations:

Determination of L-ascorbic Acid: L-ascorbic acid

was estimated according to the method adopted by

Kleszczewski . The developed blue color during the[43]

reaction was read at wavelength 760 nm . [43]

Determination of Lipid Peroxide Levels: Lipid

peroxides expressed as malondialdehyde (MDA) were

estimated as described by Ohkawa et al.,  using[44]

thiobarbituric acid reagent .[44]

Determination of Reduced Glutathione (GSH)

Levels: Liver GSH was estimated according to the

method of Moron et al., .[45]

Histological Study: The pathological changes in liver

tissue stored in formalin were observed microscopically

after hematoxylin and eosin staining .[46]

Statistical Analysis: Data are presented as the mean

± S.D. Statistical analysis was performed using Instat-3

computer program (Graph pad software Inc, San

Diego, CA, USA). One way analysis of variance

(ANOVA) followed by Bonferroni multiple tests were

used to determine the differences between means of

different groups.  The level of significance was set at

p = 0.05. 

RESULTS AND DISCUSSION

Results: Values of the analyzed parameters and the

statistical differences between the groups are shown in

Table (1) and Figure 1 (a, b, c and d) . 

Serum activities of liver enzymes (ALT, AST,

LDH and ALP) were significantly increased in

MSG-treated control group as compared to normal

group. Administration of â-carotene, NAC and their

combination significantly restored the previous

enzymatic activity in MSG-treated groups. The best

improvement in the three former enzymes was

achieved by the combination followed by NAC then

by â-carotene. While, the best improvement in ALP

activity was shown in â-carotene treated group.

Administration of MSG significantly decreased

serum albumin level, Treatment of MSG groups with

NAC,  â-carotene and their combination normalized

the albumin levels.  

Levels of hepatic malondialdehyde (MDA) and

serum nitrite showed a significant increase in

MSG-treated control group in comparison with normal

control. â-carotene and its combination with NAC

showed the best decrease in nitrite level compared to

NAC alone. While, in case of MDA level, the order

of the decrease was the combination, NAC and

â-carotene, respectively.

On the other hand, administration of  â-carotene,

NAC and their combination significantly elevated the

decline levels of hepatic L-ascorbic acid and GSH

induced by MSG treatment. â-carotene and NAC

combination exhibited the most significant increase in

both L-ascorbic and GSH  hepatic levels.   
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Fig. 1: Effect of â carotene, NAC and their combination on hepatic malondialdehyde (MDA), GSH and

L-ascorbic acid  levels. Fig 1 (a, b and c, respectively) as well as serum nitrite levels Fig. 1 (d) in

normal and MSG-treated groups.

Values are expressed as mean ± SD of ten rats in each group.

Differences between groups were analyzed using one way ANOVA followed by Bonferroni multiple

comparison tests. p = 0.05 was considered significant.

a: Significance from control (G1), b: Significance from MSG control (G5), c: Significance from MSG

treated with â-carotene + NAC (G8)

Results of histological examination revealed that,

administration of â-carotene, NAC and their

combination showed the normal arrangement of

hepatocytes  with  their acidophilic cytoplasm,

vesicular  nuclei  and prominent nucleoli around

central vein, a patteren  similar to that of  normal

control group (Photo 1-4). On the other hand, I.P.

injection of MSG produced areas of necrosis of

variable degrees (arrows), loss of the normal liver

architecture  &  congested  central  vein (photo 5).

The  same  liver  pattern was observed after 

individual   treatment  of  MSG  groups with

â-carotene or NAC (photo 6 and 7). However, the

combination of the two antioxidants restored the

normal liver architecture and lowered the degree of

central vein congestion (photo 8). 

Discussion: Monosodium glutamate (MSG) is a food

additive that is currently considered to be without

serious safety concerns . Initially, elevated[47]

consumption of MSG was linked to the symptoms

such as headache, burning sensation, facial pressure

and chest tightness (48). Challenges in subjects who

reported adverse reactions to MSG have included

relatively few subjects and have failed to show

significant reactions to MSG.
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Table 1: Activities of ALT, AST & ALP (U/L) and LDH (µmol/ml/min) as well as albumin level (gm/dl) in serum of different groups. 

Normal groups MSG - treated groups

----------------------------------------------------------------- -------------------------------------------------------------------------
Control â-caro NAC â-caro Control â-caro NAC â-caro

+ NAC + NAC
G1 G2 G3 G4 G5 G6 G7 G8

ALT 65 77.83b 76.62b 71.6b 120.5a 85.13abc 75.5b 65b

 ±   ±  ±  ±   ±   ±   ±  ±
4.83  4.47 2.92 4.21 13.17 4.40 3.5 3.14

--------------------------------------------------------------------------------------------------------------------------------------------------------------
AST 103.18 101.7b 100.18b 98.52b 153.8a 116.92b 112.3b 107.4b

  ±   ±   ±   ±   ±   ±   ±   ±
5.75 6.78 8.27 7.69 18.34 5.26 9.89 5.18

--------------------------------------------------------------------------------------------------------------------------------------------------------------
LDH 68.85 54.34bc 51.96abc  40.5abc 118.52a 100.13abd 99.8abd 88.34abd

  ±   ±   ±   ±   ±    ±   ±   ±
7.55 8.78 5.21 2.54 11.37 0.909 1.49 1.49

--------------------------------------------------------------------------------------------------------------------------------------------------------------
ALP 90.96 70.53bc 77.03bc 77.36bc 158.15a 96.45b 133.25abc 112.37bd

  ±   ±   ±   ±   ±   ±   ±   ±
3.12 4.03 11.35 3.96 24.4 9.36 3.96 17.25

--------------------------------------------------------------------------------------------------------------------------------------------------------------
Albumin 5.62 5.95b 5.1bc 5.13b 2.8a 5.93b 5.97b 6.4b

  ±   ±   ±   ±   ±   ±   ±   ±
0.23 0.28 0.39 0.59 0.34 0.23 0.44 0.58

- Values are expressed as mean ± SD of ten rats in each group.

- Differences between groups were analyzed using one way ANOVA followed by Bonferroni multiple comparison tests. p # 0.05 was
considered significant.

a:  Significance from control (G1)
b:  Significance from MSG control (G5)

c: Significance from MSG treated with â-carotene + NAC (G8)
d: Significance from â-carotene + NAC (G4)

Photo 1: A photomicrograph of a section in liver of

a control albino rat showing the normal

arrangement of hepatocytes with their

acidophilic cytoplasm, vesicular nuclei and

prominent nucleoli around central vein. HX

& E X 1000

Photo 2: A photomicrograph of a section in liver of 

albino rat administered ß-carotene showing

the normal arrangement of hepatocytes with

their acidophilic cytoplasm, vesicular nuclei

and prominent nucleoli around central vein.

Hx & E stain x 1000
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Photo 3: A photomicrograph of a section in liver of 

normal albino rat administered N- acetyl

cysteine (NAC) showing the normal

arrangement of hepatocytes with their

acidophilic cytoplasm, vesicular nuclei and

prominent nucleoli around central vein. Hx

& E X 1000

Photo 4: A photomicrograph of a section in liver of 

normal albino rat co-administered with

ß-carotene and N- acetyl cysteine showing

the normal arrangement of hepatocytes with

their acidophilic cytoplasm, vesicular nuclei

and prominent nucleoli around central vein.

Hx & E X 1000

In the present study, liver damage induced by

MSG was indicated from both biochemical and

histological examinations. Tests performed on

edMSG-treated rats showed significant increases in the

activities of ALT, AST, ALP and LDH as well as

decreased serum albumin level as compared to normal

control  group (Table 1). The previous findings were 

Photo 5: A photomicrograph of a section in liver of

albino rat after treatment with MSG

showing areas of necrosis of variable

degrees (arrows), loss of the normal liver

architecture & congested central vein. Hx &

E X 1000.

Photo 6: A higher magnification of a section in liver

of albino rat treated with MSG +

â-carotene showing areas of necrosis of

variable degrees (arrows), loss of the

normal liver architecture & congested

central vein. Hx & E X 1000.

supported by   the presence of areas of necrosis and

loss of liver architecture and congested central vein

(photo 5). These results agreed with those obtained by

other authors . This increase could be explained by[13,15]

free  rad ica l  p ro d uc tio n  which  reac ts  with

polyunsaturated fatty acids of cell membrane leading

to impairment of mitochondrial and plasma membranes

resulting in enzyme leakage . The synthetic function[49]

of liver was altered by MSG, so albumin level was

decreased. Results of biochemical analysis were 

supported  by  histopathological  examination  which 
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Photo 7: A higher magnification of a section in liver

of albino rat treated with MSG + NAC

showing areas of necrosis of variable

degrees (arrows), loss of the normal liver

architecture & less congested central vein.

Hx & E X 1000.

Photo 8: A higher magnification of a section in liver

of MSG- treated albino rat co administered

with ß-carotene and NAC  showing the

normal liver architecture &  less congested

central vein. Hx & E X 1000.

revealed areas of necrosis, loss of normal liver

architecture and congested central vein.

Administration of the antioxidants; NAC and

â-carotene either alone or in combination significantly

decreased liver enzymes indicating recovery of liver

cells from MSG effect. These results were supported

by histopatholigical examination (Fig 6-8) which

revealed recovery from necrosis to normal architecture.

Co-administration of the two antioxidants showed the

best protection. 

The circulating MSG was dissociated into sodium

(Na+) and L-glutamate. Glutamate, a major excitatory

amino acid neurotransmitter is also an endogenous

excitotoxin. The effects of the glutamate excitotoxicity

in different brain regions and lipid peroxidation are

well documented . In consistent with our results,[50]

previous studies showed that daily administration of

MSG significantly increased the levels of MDA in the

hepatic microsomes . The formed free radicals react[14,16]

with polyunsaturated fatty acids in cell membrane

producing lipid peroxides and membrane damage. Free

radicals and lipid peroxidation are thought to be

responsible for the pathogenesis of fatty and infiltrative

liver diseases.

In addition to enzymatic scavengers, the human

antioxidant defense is equipped with hydrophilic

scavengers like GSH, ascorbate and flavonoids as well

as lipophilic scavengers such as tocopherols,

carotenoids and ubiquinol. 

The present work and previous studies[13,15,18]

revealed a significant decrease in hepatic contents of

L- ascorbic acid and GSH levels in MSG-treated

group as compared to normal control. Glutamate

toxicity involves an imbalance in the hemostasis of

cysteine, the precursor of GSH, leading to depletion of

intracellular GSH levels and reduced ability to protect

against oxidative injury in the cell and, ultimately cell

damage. Moreover, lipid peroxidation may eliminate

the active sulfhydryl group of GSH and other

enzymes.  Thus, oxidative stress and accumulation of

free radicals seems to be responsible for MSG

toxicity.

L-ascorbic acid is the first to become depleted on

the exposure to oxidative stress . Normal L-ascorbate[51]

level  has  a  therapeutic  benefit  due  to its ability

to reduce the oxidative stress by reacting with

superoxide and hydroxide radicals as well as alkyl,

peroxyl and alkoxyl radicals, thereby it can neutralize

these radicals and stop the initiation and propagation

of chain reaction . Thus, the decrease in both[52,53]

L-ascorbic and GSH presented in the current study

might reflect their direct reaction with the reactive

oxygen species generated by MSG. In addition to its

antioxidant effect, L-ascorbic is involved in

regeneration of tocopherol from tocopheroxyl radicals

in the membrane. Thus, L-ascorbic and vitamin E have

interactive effects .  [54]

In  recent  years,  antioxidants have gained a lot

of importance because of their potential as

prophylactic  and  therapeutic agents in many diseases.

The discovery of the role of free radicals in various

disorders has led to a medical revolution that is

promising a new paradigm of healthcare.

In the current study, NAC and â-carotene either

alone or in combination significantly restored the

normal antioxidant balance in liver cells. Being a
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precursor of GSH, NAC provides protection from toxic

liver damage by elevating intracellular GSH levels[23,24,]

and 50). As a source of SH groups, NAC can enhance

g l u t a t h i o n e - S - t r a n s f e r a s e  a c t i v i t y ,  p r o m o t e

detoxification, and act directly on reactive oxidant

radicals . In addition, â-carotene, like other[55]

antioxidants, protects the body against free radicals,

quench singlet oxygen, and reduce peroxyl radicals .[28]

Nitric oxide (NO) exerts various influences on the

pathogenesis of tissue . It has a double- edged knife[56]

in pathopysiology, since both the abundance and

paucity of NO causes diseases . The direct toxicity[57]

of NO is enhanced by reacting with superoxide radical

to give powerful secondary toxic oxidizing species,

such as peroxynitrite (ONOO ) which is capable of-

oxidizing cellular structure and causes lipid

peroxidation, a process leading to membrane

damage . This may be another explanation for lipid[58]

peroxidation induced by MSG in the present study. 

In the current work,  liver damage induced by

MSG significantly increased  nitrite serum levels

compared to normal control group. Nasser et al.[59]

revealed that several mediators of systemic

vasodilatation such as NO has been reported in liver

cirrhosis. Inducible NO synthase (iNOS) was seen

mainly in inflammatory cell infiltrating portal tracts,

blood monocytes-like cells, hepatocytes, sinusoidal

cells, and endothelial cells . Therefore it is clear that [59]

NO is augmented in cirrhotic patients and it is mainly

produced by induction of iNOS. NO accounts for

biological activity of endothelium-derived relaxing

factor and  enhances hepatic expression of a variety of

d ifferent cytokines in patients with hepatic

inflammation . [60]

Simultaneous supplementation of NAC or/and

â-carotene with MSG significantly decreased NO

serum levels. This may be due to that, â-carotene

helps to strengthen immune system ,  and also NAC[31]

enhances inflammatory and immune response and

prevents excessive response reciprocally through

keeping local balance of interleukin -12 (IL-12) which

plays an important role in host resistance to infection

and development of T helper-1 cells. As well as,

IL-10 which involved in anti-inflammotory and

immune regulatory mechanisms . [61]

In conclusion, the current investigation revealed

that, MSG produced oxidative stress and this was

associated with impairment in hepatic functions and 

liver tissue architecture. The use of naturally occurring

antioxidants like NAC and â-carotene is potentiated

with their synergetic combination in ameliorating the

hazardous effects of MSG. This combination may have

a promising prophylactic or/and therapeutic effects in

inflammatory liver diseases. 
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