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ABSTRACT

Glutamate is one of the most abundant excitatory neurotransmitters of brain, plays an important role in learning and 
memory. Monosodium glutamate (MSG) is a sodium salt of L-glutamate, a well-known fl avor enhancer. Because of 
its capacity to increase the palatability, nowadays it is most widely used in all households and fast foods. The present 
study investigates the effect of MSG on striato-hippocampal acetylcholinesterase (AChE) level in the brain of male 
wistar albino rats and its implications on learning and memory during aging. The experimental groups consisted of 
3 – 4 weeks old Wistar albino rats and were divided into group I and group II. These groups were again subdivided 
into control group treated with laboratory diet, 100 mg MSG, 400 mg MSG, 2 g MSG and 4 g MSG group treated 
with various doses of MSG/ kg body weight for sixty days. Immediately after 60 days of MSG treatment, the group 
I was used for the analysis of body weight, T-maze test, novel object recognition test (NOR) and AChE level while 
group II was kept free of MSG for further sixty days and later used for the above experiments. The results showed that 
group I animals neither have a dose dependent increase in body weight, a decline in the T-maze response, reduced 
discrimination index in NOR test and an increase in AChE level. However, the changes were signifi cant at 4 g MSG 
treated group. The group II animals did not showed any signifi cant differences when compared to control group. Thus 
the study revealed that a long term administration of MSG has a capacity to cause cognitive impairment but is not 
perpetual, during the life time, due to normal diet and natural healing mechanisms in the body ameliorates the toxic 
effects of MSG and showed gradual increase in the cognitive parameters, however it take a long time. 
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INTRODUCTION

Monosodium glutamate is a sodium salt of L-glutamate, 
a well known fl avor enhancer and a source for the 
unique fl avor called “umami”. Free glutamic acid pro-
duces Umami or pleasant savoury taste, one of the fi ve 
primary tastes. The presence of MSG in food increases 
the palatability or alters and magnifi es the desirable 
taste, thus it is an essential part of human diet and com-
monly found in most of the Asian Western diets. Body 
can never discriminate the glutamate coming from the 
monosodium glutamate and natural foods. The gluta-
mate released from food or from the MSG is absorbed 
into the enterocytes from the lumen. Glutamate is an 
important oxidative substance for intestinal mucosa 
and additionally is a precursor for arginine, proline 
and glutathione. Glutamate is one of the most abun-
dant excitatory neurotransmitter in brain acting through 
NMDA (N-methyl-D-aspartate) and AMPA (-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid) receptors 
and play a pivot role in learning and memory (Riedel 
et al., 2003; Jinap & Hajeb, 2010; Moneim et al., 2018). 

The Food and Drug Administration (FDA) reported 
that an unknown percentage of the population might 
react to MSG and develop symptoms that constitutes a 
syndrome including burning sensation at the back of 
the neck, forearms, chest, headache, chest pain, facial 
pressure/tightness, nausea, palpitation, numbness at the 
back of the neck, radiating to the arms and back, tin-
gling, warmth, weakness in face, temples, upper back, 
neck and arms, drowsiness and weakness collectively 
called MSG symptom complex (FDA, 1995). Animal 
studies also show that increased administration of MSG 
increased blood glutamate level (Bogdanov et al., 1996). 
Neonatal administration leads to immature blood brain 
barrier (Boonnate et al., 2015), degenerative changes 
in hypothalamic arcuate nucleus (Holzwarth‐Mcbride 
et al., 1976), reduced serotonin and cognitive function-
ing (Moneim et al., 2018), pyknotic Purkinje and gran-
ule cells with infl amed cells in the cerebellum (Hashem 

et al., 2012). Another study showed that 4 g MSG treated 
group had an increase in the body weight, but mild 
doses did not show any increase in the body weight (Sari 
et al., 2018). 

The present study investigates the effect of monoso-
dium glutamate on striato-hippocampal acetylcholinest-
erase level in the brain of male wistar albino rats and 
its implications on learning and memory during aging.

MATERIALS AND METHODS

Male Wistar albino rats, about 30 -50 g weight and 
approximately 3 – 4 week rats were used for the study. 
The rats were maintained under laboratory conditions 
in the animal house of the Department of Life Sciences 
(Reg#426/2/CPCSEA). All experiments were carried out 
according to the guidelines of the Committee for the 
Purpose of Control and Supervision on Experiments on 
Animals (CPCSEA), India and approved by the Institu-
tional Animal Ethics Committee (IAEC) of the University 
of Calicut, Kerala. 

The rats were divided into two groups namely group 
I and group II, which is again subdivided in to Control: 
treated with normal laboratory diet, 100 mg MSG group: 
treated with 100 mg MSG/ kg body weight, 400 mg MSG 
group: treated with 400 mg MSG/ kg body weight, 2 g 
MSG group: treated with 2 g MSG/ kg body weight and 
4 g MSG group: treated with 4 g MSG/ kg body weight. 
MSG was dissolved in water and given by oral gavage 
for 60 days. The weights of the rats were observed dur-
ing the treatment period. Immediately after sixty day of 
MSG administration group I rats were used for T-maze 
test, novel object recognition test (NOR) test and the esti-
mation acetylcholinesterase (AChE). Group II rats were 
allowed to have normal diet without MSG for further 60 
more days and later was used for the above experiments. 
The experimental design is summarised below: 

T-maze test: The T-maze test was used for assess-
ing spatial working memory in rodents, especially for 
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FIGURE 1. Shows the comparison of body weight of the control rats and MSG treated 
groups.  Values are Mean + SD, n = 6 animals per group.  

delayed alternation tasks. T-maze apparatus consists of 
a T shaped hollow wooden box with 60 X 10 cm long 
tail, 50 X 10 cm short arms and 40 cm high walls. The 
experimental rat was exposed to the T-maze 2 days 
before the test for habituation. On the experiment day, 
after acclimatization, rats were place at the starting end 
of the long tail of the T-maze and allowed to explore the 
apparatus. In one of the short arm of the T-maze, animal 
feed was placed in such a way that the rat is not able 
to see it, as soon as it reaches the end of the long arm. 
When the animal reaches the food, that move was taken 
as a positive response. When it moves to the other end, 
that move was taken as a negative response. Ten trials 
were given for a set with a gap of 5 minutes per set. The 
trials were continued till a set gets at least 90 % positive 
response. Then the total number of positive responses 
was added in all the sets and divided by the total num-
ber of trials given in all the sets to get the percentage of 
positive response (Deacon, 2013). 

Novel object recognition test (NOR): NOR test is a non-
force driving and spontaneous test for recognition mem-
ory, introduced by Ennanceur and Delacour in 1988. The 
apparatus consists of a wooden box of size 60 X 50 X 45 
cm with different shaped objects. NOR test has 3 phases 
including a habituation phase, a training phase and a test 
phase in each rat. During the habituation phase, the rat 
was placed in the NOR apparatus and allowed to adapt 
for 30 min without any objects. The next day, during the 
training phase, two identical objects were presented to 
the rat and allowed to explore the objects for 10 minutes. 
Twenty-four hours after the training phase, during the test 
phase, one of the old objects was replaced with a novel 
object and presented to each rat and allowed to explore 

the objects for 6 minutes. The object exploration time was 
recorded and fi nd out discrimination between two objects 
(familiar and novel) by using a discrimination index (DI). 
DI = novel object exploration time/ total exploration time 
of both objects) − (familial object exploration time/ total 
exploration time of both objects) × 100 (Ennaceur & Dela-
cour, 1988; Win‐Shwe & Fujimaki, 2012). 

Estimation of Acetylcholinesterase (AChE): AChE 
activity was determined by the method of Ellman et 
al., 1961. The enzyme acetylcholinesterase catalyses the 
hydrolysis of acetylcholine into thiocholine and ace-
tic acid. Thiocholine reacts with DTNB (5, 5’-dithiobis 
(2-nitrobenzoic acid) to form yellow coloured anions of 
5-thio-2- nitrobenzoic acids, which is measured spec-
trophotometrically at 412 nm. The enzyme activity was 
expressed as nano moles of conjugate formed/ Min/ mg 
of protein with the molar extinction coeffi cient 2.52 X 
104 M-1 cm-1 (Srikumar et al., 2004). 

Statistical analysis: Statistical analysis of the data 
was carried out by applying the analysis of variance 
(ANOVA), followed by Tukey’s test with the help of SPSS 
software, version 21. The values were considered statisti-
cally signifi cant when p < 0.05. 

RESULTS AND DISCUSSION

Monosodium glutamate, the most widely and extensively 
used food additive and the source of fi fth taste Umami. 
Because of its palatability and taste enhancing capacity, 
kids are more addictive to foods such as chips, soups, 
meats, canned foods, which are marinated by MSG. In 
the present study, Figure 1 shows the body weight of 
the group I and group II rats treated with different doses 
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of MSG/ kg body weight. It showed that both group I 
and group II have a non-signifi cant increase in the body 
weight. 

Figure 2 shows the percentage response in the T-maze 
of the group I and group II rats treated with different 
doses of MSG/ kg body weight. Immediately after the 
MSG treatment, the group I rats displayed a dose depend-
ent decline in the percentage response in T-maze while 
2 g and 4 g MSG treated groups showed a signifi cant 
decline when compared to the control group. The group 
II rats, which had no MSG exposure during the last 60 
days also showed a decline in the T-maze response while 
it has no signifi cant difference when compared to the 
control group. 

Figure 3 shows the DI during thirty minute explo-
ration of NOR apparatus of group I and group II rats 
treated with different doses of MSG/ kg body weight. 

In group I rats, the subgroups treated with various 
doses of MSG showed a dose dependent decline in the 
DI of NOR test while the high dose, 4 g MSG treated 
subgroup showed a signifi cant (p<0.05) decline when 
compared to the control group. The group II rats did 
not show any signifi cant difference when compared 
with the control group even though there is a visible 
decline. 

Figure 4: shows the enzyme AChE level in the stria-
tum and hippocampal region of the brain in Group I 
and group II rats treated with different doses of MSG/ 
kg body weight. The group I rats showed a non-signifi -
cant elevation in the enzyme AChE level in the striatum 
and hippocampal region of the brain. However, the sub-
group treated with 4 g MSG/ kg body weight showed 
a signifi cant increase (p<0.05) in the enzyme AChE in 
hippocampal region of the brain when compared to the 

FIGURE 3. Shows the DI during thirty minute exploration of NOR apparatus of group I and 
group II rats treated with different doses of MSG/ kg body weight.  Values are Mean + SD, n = 6 
animals per group.  *p ≤ 0.05 when compared with the control group.

FIGURE 2. Shows the comparison of the percentage of response in T-maze of the control 
rats and MSG treated groups on 60th and 120th days after the sixty days of MSG treat-
ment.  Values are Mean + SD, n = 6 animals per group.  *p ≤ 0.05 when compared with the 
control group.
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control group. The group II rats did not show any sig-
nifi cant difference in the AChE level in straitum and 
hippocampal region of the brain when compared to the 
control group. 

These results are also validated by earlier studies, 
which shows that MSG has the capacity to induce obe-
sity associated with an increase in Lee index, fat accu-
mulation, dyslipidemia and insulin resistance (Lobato et 
al., 2011; Alarcon-Aguilar et al., 2007). MSG increases 
insulin resistance and thereby increases blood insulin 
level, blood glucose plasma levels and also an increase 
in the plasma total cholesterol, triglycerides, low-den-
sity lipoprotein cholesterol (LDL-C), high-density lipo-
protein cholesterol (HDL-C) and free fatty acid levels. It 
also reduces the cortisol induced lipolysis (Zhang et al., 
2010). 

Monosodium glutamate induced obese rats displayed 
adipose tissue hypertrophy, elevated levels of insulin, 
leptin and slightly elevated serum glucose. The con-
dition which causes increased blood sugar level and 
insulin level is called as insulin resistance, may be it 
is because of the activation of phosphotyrosine protein 
dephosphorylation and reduced level of protein tyros-
ine phosphorylation, which reduces the development of 
Gi2 G-protein, i.e., essential for the activation of insu-
lin signaling to GLUT4 and transportation of glucose 
(Baculikova et al., 2008). A clinical study in humans 
from Thailand revealed that MSG consumption is asso-
ciated with the risk of having metabolic syndrome and 
being overweight (Pepino et al., 2010). Another study 
evidenced that an intravenous administration of MSG 
produces obesity, increased blood glucose, insulin, total 
cholesterol, and triglyceride levels (Nagata et al., 2006), 
but it did not show any polyphagia which may be due 

to the excessive stimulation of the vagus nerve (Balbo 
et a., 2000). Neonatal administration of MSG produces 
hypothalamus induced obesity (Braga et al., 2001). 
Another study showed that 4 g MSG treated group 
has an increase in the body weight, but mild doses did 
not show any increase in the body weight (Sari et al., 
2018). 

The percentage response in the T-maze and DI of NOR 
obtained from the group I explains the poor cognitive 
functioning. The increased level of AChE may break 
the neurotransmitter acetylcholine, which act through 
NMDA and AMPA receptors to assist in cognition. But 
after administration of MSG, in group II the toxic effects 
are gradually reducing and it is slightly fast in low dose 
treated subgroups and very slow in high dose treated 
subgroups. A study showed that the neonatal treatment 
of MSG induces obesity, elevated insulin secretion and 
acetylcholinesterase level. MSG also increases the activa-
tion of parasympathetic tone, which cause hyper secre-
tion of insulin from the pancreas (Balbo et al., 2000). 
Measurement of neurotransmitters and neurotransmit-
ter related enzymes in hypothalamic nuclei from MSG-
treated rats revealed normal levels of norepinephrine, 
serotonin and glutamic acid decarboxylase, but reduced 
levels of choline acetyltransferase, dopamine and an ele-
vated level of acetylcholinesterase in hypothamic nuclei. 
It is confi rmed that MSG-induced endocrine defi ciency 
syndrome results in the destruction of cholinergic and 
dopaminergic tuberoinfundibular systems in the hypo-
thalamus (Nemeroff et al., 1978). Another study showed 
that subchronic MSG dose was anxiogenic and showed 
a slightly retardant effect on spatial working memory 
(Onaolapo et al., 2012). Postnatal treatment of MSG in 
mice showed that there is a decrease in choline acetyl-

FIGURE 4. Shows the enzyme AChE level in the striatum and hippocampal 
region of the brain in Group I and group II rats treated with different doses 
of MSG/ kg body weight.  Values are Mean + SD, n = 6 animals per group.   
*p ≤ 0.05 when compared with the control group.
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transferase and a huge increase in AChE activity (Ross 
et al., 1975). Hassan et al., (2014) showed that MSG con-
sumption may have immunotoxic effects on the thymus 
and spleen of adult rats, which is reversible though the 
normal structure of the spleen would need time to be 
regained (Hassan et al., 2014).

CONCLUSION

Monosodium glutamate is a salt of L-glutamate, which 
is an abundant neurotransmitter and essential for cogni-
tive functioning but high doses is shown to have neu-
rotoxic. Low dose of MSG treatment doesn’t cause any 
much decline in cognition but it increases body weight. 
However, high dose of MSG administration increases the 
body weight and signifi cantly reduce the cognitive func-
tioning due to the decline in acetylcholine and elevation 
of acetylcholine esterase. But during the life time, due to 
normal diet and natural healing mechanisms in the body 
ameliorates the toxic effects of MSG and showed grad-
ual increase in the cognitive parameters. More detailed 
studies are also needed to reveal the exact mechanism 
behind the fl uctuation of cognition. 
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