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	 Monosodium glutamate (MSG) is immensely globally used as a food aroma and 
additive, several studies indicated its toxicity in different body organs. Here, we aimed to 
evaluate brain dysfunctions in experimental animal that administered MSG and appreciate the 
beneficial role of flaxseed oil in attenuating this effect. In this study, forty male Wistar albino rats 
were divided into four groups; control, flaxseed oil, MSG and treated groups. Kidney and liver 
functions were estimated, malondialdehyde (MDA) and paraoxonase (PON1) were measured by 
colorimetric methods. Blood fatty acids and neurotransmitters parameters were estimated by 
HPLC. Our results revealed that MSG administration significantly increased oxidative stress and 
omega-6 fatty acids and decreased brain neurotransmitters as well as omega-3 fatty acids (w-3 
FA). Whereas treatment with flaxseed oil significantly attenuated all these disadvantages. The 
results of this study indicated that MSG was responsible for brain dysfunction that appeared 
in disturbances of neurotransmitters levels. In addition , the administration of omega-3 fatty 
acids in treated group effectively attenuated this dysfunctions through replacing omega-6 fatty 
acids in the neurocells by omega-3 fatty acids that represent in our study by flaxseed oil.
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	 Glutamate is the chief excitatory 
neurotransmitter in the mammalian central nervous 
system (CNS) 1, 2. Among plenteous formulae 
of glutamate, monosodium glutamate (MSG) is 
immensely used globally as food additive and 
flavor 3.
	 It was reported that exposure to MSG 
(4 mg/g body weight) in rodents has many side 
effects as obesity4, learning difficulty5, and brain 
damage 6. Several studies indicated the reduction of 
neurotransmitters like norepinephrine, dopamine, 

serotonin, and their metabolites after administration 
of MSG7, which is correlated with oxidative 
stress in the hepatic tissue of experimental rats8 in 
addition to the elevation of serum liver enzymes 
like alanine aminotransferase (ALT) and aspartic 
aminotransferase (AST)9. Contrarily, others 
indicated that MSG taken in food displayed no 
adverse effects10.
	 Antioxidant units that derived from food 
have a robust possibility for long-range used 
as chemo-preventive factors in several diseases 
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encompass oxidative stress11. It was reported that, 
dietary omega-3 fatty acids affect arachidonic 
acid (AA) metabolism efficiently, thus they 
dislodge AA from cell membranes and compete 
with the enzymes catalyzing the biosynthesis of 
prostaglandins, leukotrienes and thromboxanes. 
So, supplementation of omega-3 fatty acids (such 
as flaxseed oil) minimized the potential for cells 
as esinophils, monocytes, and neutrophils to 
synthesize these powerful inflammatory mediators 
(arachidonic acid–derived mediators ). Also, 
these w-3 FA diminished the production of the 
prothrombotic agent thromboxane A2 by platelets12.
	 Previous study indicated that flaxseed oil, 
the rich source of w-3 FA comprised a free radical 
scavenging property; this property exerts a salutary 
outcome against pathological alterations resulting 
from the presence of O2

– and OH–. Increasing the 
superoxide dismutase (SOD) activity accelerated 
dismutation of O2

– to hydrogen peroxide that is 
removed by catalase. This action might encompass 
contrivances related to scavenging activity of using 
treatment13.
	 From this point of view, we hypothetically 
designed this study to investigate the toxic effects 
of MSG and to reveal their correlations with 
biochemical parameters including neurotransmitters 
and oxidative stress indices that are responsible 
for cognitive activities and to find out the ability 
of flaxseed oil supplementation to attenuate all 
disadvantages that were induced.

MATERIALS AND METHODS

Chemicals
•	 a–linolenic acid (ALA), AA, linoleic 
acid (LA) , oleic acid (OA), docosahexaenoic 
acid (DHA) standards (HPLC grade)  and 
neurotransmitters including dopamine (DO) , 
norepinephrine (NOR) and serotonine ( 5Ht ) 
standards  were purchased from Sigma Chemicals 
Co. (Munih, Germany).
•	 MSG (99% pure) was purchased from the 
local market, Cairo, Egypt. 
•	 Flaxseed oil was purchased from National 
Research Centre (NRC), Giza, Egypt. 
•	 All other using chemicals such as 
acetoniltrile, ethanol, and methanol were HPLC 
grade.

Experimental animals
	 Forty male Wistar albino rats weighting 
180 ± 10 g were obtained from the animal house 
of NRC, Giza, Egypt. Animals were housed in 
stainless steel cages at the temperature range of 
22+2 °C, under light dark cycle (12/12 hours), and 
allowed to acclimatize for a period of one week 
before the experiment; the guidelines of the ethical 
care and treatment of the animals were followed the 
regulations of the ethical committee of NRC and 
the guidelines of National Institutes of Health for 
Care and Use of Laboratory Animals (Publication 
No. 85-23, revised 1985). 
Experimental  Design
	 Animals were divided into four groups, 
each group contained ten rats, as follow: Group 1: 
Healthy rats served as control group and received 
a vehicle (distilled water), group 2: Healthy rats 
received flaxseed oil by oral gavage in a dose of 
1.2 ml/k.g body weight, once daily for 6 weeks14,  
group3: Healthy rats received MSG in a dose of 0.6 
mg/k.g. body weight, dissolved in distilled water 
by oral gavage once daily for 6 weeks15,group 4: 
Healthy rats received MSG in a dose of 0.6 mg/ 
k.g. body weight, dissolved in distilled water by 
oral gavage once daily  along with flaxseed oil by 
oral gavage in a dose of 1.2 ml/kg body weight, 
once daily for 6 weeks . 
	 At the end of the experiment, rats were 
sacrificed after being anaesthetized with diethyl 
ether by inhalation; blood samples were collected 
from the optical vein in a clean dry test tube and let 
for clotting for 10 min. in 37° C to separate sera.
Biochemical estimations
	 Serum liver enzymes alanine amino-
transferase (ALT) and aspartate amino-transferase 
(AST) were measured according to the method 
of Reitman and Frankel 16; blood urea and serum 
creatinine were estimated according to Fawcett & 
Scott17 and  Houot 18 respectively . 
Lipid peroxidation
	 The content of lipid peroxidation 
products in the brain homogenates was assayed 
by measuring the level of malondialdehyde using 
the method of Esterbauer and Cheese man 19 where 
the thiobarbituric acid reactive substances react 
with thiobarbituric acid to produce a red colored 
complex having a peak absorbance at 532 nm 
(UV-VI8 Recording Spectrophotometer, Shimadzu 
Corporation, Australia).
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Table 1. Liver and kidney functions in different studied groups:

Groups	 Control	 Flaxseed oil	 MSG	 Treated 

ALT(U/L)	 16± 1.2	 17  ± 1.5b	 24 ± 1.5a	 20± 1.4ab

AST(U/L)	 69± 1.9	 72± 1.77b	 117± 1.83 a	 97± 2.01ab

Urea(mg/dl)	 15± 0.9	 17± 0.86b	 30± 1.01a	 22± 1.2ab

Creatinine(mg/ dl)	 0.34± 0.2	 0.46± 0.11b	 0.7± 0.23a	 0.6± 0.12a

Significant p value < 0.05 
a: significant difference compared to control group 
b: significant difference compared to MSG group

Table 2. Oxidative stress parameters in different studied groups

Groups	 Control	 Flaxseed oil	 MSG	 Treated

MDA (nmol/ml)	 16 ± 0.18	 17± 0.20 b	 44± 0.11a	 26± 0.17ab

Paraoxonase (IU/ml)	 69± 0.20	 72± 0.32b	 47± 0.31a	 69± 0.25ab

Significant p value < 0.05 
a: significant difference compared to control group 
b: significant difference compared to MSG group

Table 3. Blood neurotransmitter in different studied groups

Groups	 Control	 Flaxseed oil	 MSG	 Treated 

Norepinephrine(pmol/mL)	 5.88 ± 1.1	 5.91 ± 1.2b	 3.71 ± 0.53 a	 5.22 ± 0.90 b

Dopamine(pmol/mL	 2.43 ± 0.71	 2.41 ± 0.65	 1.54 ± 0.53	 2.11 ± 0.41
Serotonin(pmol/mL	 37.9 ± 0.81	 40.2 ± 1.1ab	 20.5 ± 0.76 a	 31.8± 0.84ab

Significant p value < 0.05 
a: significant difference compared to control group 
b: significant difference compared to MSG group

Table 4. Blood fatty acids in different studied groups

Groups	 Control	 Flaxseed oil	 MSG	 Treated

(DHA;22:6x3) µg/ml	 0.70± 0.12 	 0.76± 0.23 	 0.47± 0.2 a	 0.49± 0.11a

(ALA; 18:3x3) µg/ml	 2.74± 1.9	 4.4± 1.77ab	 1.17± 1.52 a	 2.6 ± 1.95b

(AA; 20:4x6) µg/ml	 8.9 ± 0.58	 7.6 ± 0.86b	 19.74± 2.31a	 14.4± 1.1ab

(LA; 18:2x6) µg/ml	 11.43 ± 0.9	 10.98± 1.1b	 15.76± 1.2 a	 12.61± 0.77 b

(OA;18:l X  9) µg/ml	 46.8± 0.23	 45.0± 0.36b	 69.8± 0.91a	 56.8± 0.84ab

Significant p value < 0.05 
a: significant difference compared to control group 
b: significant difference compared to MSG group

Paraoxonase 1 activity
	 The arylesterase activity of paraoxonase 
(PON1) was measured spectrophotometrically 
using phenylacetate as a substrate. In this assay, 
arylesterase/paraoxonase catalyzes the cleavage of 
phenyl acetate, resulting in phenol formation. The 

rate of this formation is measured by monitoring 
the increase in absorbance at wave length  270 nm 
at 25 °C. The working reagent consisted of 20 mM 
Tris/HCl buffer, pH 8.0, containing 1 mM CaCl2 
and 4 mM phenyl acetate, as a substrate. Samples 
diluted 1:3 in buffer were added and the change 
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in absorbance was recorded following a 20-s lag 
time. Absorbance at 270 nm was taken every 15 s 
for 120 s using UV spectrophotometer20.
Determination of neurotransmitters in blood 
by HPLC
	 Determination of blood norepinephrine, 
dopamine and serotonin was carried out using 
high performance liquid chromatography (HPLC) 
system Agilent technologies 1100 series, with a 
quaternary pump (G131A model) according to the 
method described previously21,22. Briefly, serum 
sample (500 ul) was homogenized in phosphate 
buffer (pH 7.4), centrifuged at 4000 rpm using 
cooling centrifuge (Laborzentrifugen, 2K15, 
Sigma, Germany) for 15 minutes at 4°C and the 
supernatant was removed and injected onto HPLC; 
separation was achieved on ODS-reversed phase 
column (C18, 25 x 0.46 cm x5 µm). The mobile 
phase consisted of potassium phosphate buffer/
methanol 97/3 (v/v) and was delivered at a flow 
rate of 1.5 ml/min. UV detection was performed 
at 270 nm, and the injection volume was 20 
µl.The concentrations of both catecholamines and 
serotonin were determined by external standard 
method using peak areas. Serial dilutions of 
standards were injected, and their peak areas 
were determined. A linear standard curve was 
constructed by plotting peak areas versus the 
corresponding concentrations of each standard. The 
concentrations in samples were obtained from the 
standard curve.
Blood fatty acids estimation by HPLC 
	 Fatty acids estimation was carried out 
according to the method described previously12. 
Briefly, the sample (400ul serum) was homogenized 
in 2 % acetic acid: ethyl ether mixture (2:1 
volume ratio) respectively; the solution was then 
centrifuged at 500 xg, the organic phase was 
evaporated to dryness. The extract was dissolved 
in 400 µl acetonitrile . 
HPLC condition 
	 HPLC column C 18 ( 260 X 4.6, particle 
size 5 µm ), mobile phase was acetonitrile / water 
mixture (70/30) v/v by isocratic elution with flow 
rate 1 ml / min and 200 nm wave length. Serial 
dilutions of standards were injected onto HPLC 
and their peak areas were determined. A linear 
standard curve was constructed by plotting peak 
areas versus the corresponding concentrations. 
The concentration in samples was obtained from 

the standard curve using Agilent Chem Station 
software for LC&LC/MC system (Agilent 
Technologies [2001-2010]).
Statistical analysis
	 Results were expressed as mean ± standard 
error. Data were analyzed by independent sample 
t test (SPSS) version 15 followed by (LSD) test to 
compare significance between groups. Difference 
was considered significant when P value <0.05.

Results 

	 In this study MSG increased liver and 
kidney functions but this elevation is within limit 
except for AST which is significantly increased in 
MSG group compared to control group; whereas, 
treatment with flaxseed oil attenuates this elevation 
(table 1).
	 This study revealed that administration of 
MSG reduced the activity of paraoxonase (PON1), 
also, increased MDA ( table 2). 
	 In addition, neurotransmitters levels 
in this study are significantly decreased in rats 
administered MSG compared to control group, 
whereas:
	 Flaxseed oil supplementation significantly 
decreased AA and LA in treated group compared 
to MSG group but increased ALA significantly 
compared to MSG group (table 3). 
	 Consequently, Flaxseed oil in the current 
study significantly increased neurotransmitters 
levels in the treated group compared to MSG group 
( table 4). 

Discussion

	 MSG is a food additive that frequently 
used in fast food. Consumption of fast food has 
been proposed as an essential factor behind many 
diseases including metabolic syndrome and brain 
dysfunction23.
	 MSG induced oxidative stress ( as was 
observed in this study) suggesting that MSG 
induces libration of free radicals through a central 
mechanism which depends on the blood brain 
barrier (BBB).Oxidative stress is characterized by 
elevation of reactive oxygen species (ROS) levels24. 
	 PON1 is an important antioxidant enzyme 
that considered one of the detoxification enzymes. 
Thus, it is the most powerful antioxidant in the cell. 
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This may indicate the onset of oxidative stress that 
possibly develops with successive administrations 
of MSG. In addition, MDA levels were rated 
as a marker of oxidative damage. Interestingly, 
MSG caused oxidative stress in the brain of MSG 
administered rats which could be indicated by the 
interruption of neurotransmitters levels in this study 
(table 3).
	 The reduction of neurotransmitters 
levels after administration of MSG in this study 
is in agreement with the study of Abu-Taweel 
et al25, who indicated that MSG is from toxic 
food additives that stimulate the body weight 
and various cognitive behavioral activities of the 
animals. Also, it affects the neurotransmitter levels 
and oxidative stress levels in brain tissues.
	 Dopamine (DA) is one of the rifest 
catecholamines in the brain, particularly in the 
parts that responsible for movement, stimulus 
and learning, as in the striatum26. Contrarily, other 
neurotransmitters such as serotonin are involved 
in cognitive activities27. Thus, disturbances in the 
levels of neurotransmitters and the oxidative stress 
because of administration of MSG might be one of 
the possible reasons for the brain dysfunctions in 
MSG treated animals in the present study.
	 In contrast, the current data appeared that, 
the treatment with the plant source of omega-3 
fatty acids, flaxseed oil, is effectively corrected all 
biochemical changes to become more or less near 
the control group. 
	 Administration of flaxseed oil is 
significantly increased plasma  omega-3 fatty acids 
( ALA)  and significantly decreased omega-6  ( AA, 
LA) in treated group compared to MSG group(table 
4)  ; whereas the mean value of DHA ( omega-3 
) was insignificantly decreased in treated group 
compared to MSG group indicating the disability 
of the body to convert  ALA to DHA which is a 
state of several diseases as mentioned before by 
Hussein ( 2013) who indicated that  hypertensive 
individuals, some diabetics and patients of several 
diseases are restricted in their ability to create DHA 
and ecosapentaenoic acid ( EPA) from ALA14.
	 Membrane that is composed of saturated 
fatty acids has different structures and has less 
fluidity than that includes unsaturated fatty acids. 
The type of dietary fatty acids has an important 
role in affecting the neuronal membrane fluidity 
index. Thus, omega-3 fatty acids have the ability 

to decrease the cholesterol level in the neuronal 
membrane, which would decrease cell membrane 
fluidity and increase the cell’s vulnerability to be 
injured 28.
	 Brain functions may be affected by fatty 
acids through several steps including modifications 
of membrane activity, membrane fluidity, 
membrane bound enzymes ,the number and affinity 
of receptors, function of ion channels , activity 
of neurotransmitters & the production and signal 
transduction which control the neurotransmitters 
activity and neuronal growth factors 14.

Conclusion

	 From the current data we can conclude 
that, the food additive MSG is responsible for toxic 
effect as well as brain dysfunction that appeared 
in disturbances of neurotransmitters levels. In 
addition , the administration of omega-3 fatty 
acids in treated group effectively attenuate these 
dysfunctions through replacing omega-6 fatty acids 
in the neuronal cells by omega-3 fatty acids that 
represent in our study by flaxseed oil.
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