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Objectives: Monosodium glutamate, the salt of glutamic acid, is largely used as a flavour enhancer (E621). In this study, we determine if
monosodium glutamate, after repeated oral administration, can induce any degree of anxiety. Taking into account the interdependence be-
tween glutamate and GABA neurotransmissions, we studied the possible interactions of monosodium glutamate with some representatives
belonging to benzodiazepines therapeutical class, diazepam and alprazolam, used as first line therapy for the treatment of anxiety. Methods:
For determining the degree of anxiety, the specific cross-labyrinth test was used. The medium time spent in the closed-arms of the cross-
labyrinth is correlated with increased anxiety and the medium time spent in the opened arms is correlated with a low degree anxiety. NMRI
adult mice received 300 mg/kg monosodium glutamate for 21 days, dose representing 1/50 from mice LD50 (15000mg/kg) and twice the
maximum admitted dose/ day for human. Results: When compared to control group, the group receiving monosodium glutamate, showed
a not statistically significant slight increase in the degree of anxiety. The groups receiving benzodiazepines presented a significant reduction of
the degree of anxiety, proving their anxiolytic effect. The groups receiving glutamate and diazepam or alprazolam, showed a lower reduction
of the degree of anxiety, than group receiving only benzodiazepines, phenomenon which proves an antagonism between glutamate and the
anxiolytics used in this study. Conclusions: The oral administration of monosodium glutamate increases slightly, not statistically significant,
the degree of anxiety in mice and significantly alters the response to the benzodiazepines therapy, reducing the effect for both alprazolam and

diazepam.
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Introduction

Monosodium glutamate (MSG, E621,), the salt of glu-
tamic acid (GLU), is largely used as flavour enhancer [1,
2]. Due to its’ specific savoury taste ,umami’, it induces
a ,costumer’s loyalty”. It should be noted that cortico-
striatal glutamatergic transmission has role in stimulating
the release of dopamine in the striatum, with implication
in both the initiation and expression of addiction-related
behaviors in addiction [3]. In our previous work, we dem-
onstrated the addictive potential of MSG when given daily,
in drinking water, to NMRI mice [4]. Thus, in human, the
admitted daily intake of 150 mg MSG/kg [2] could be
surpassed.

Also, GLU represents the most important excitatory
neurotransmitter, controlling synaptic excitability and
plasticity in various brain circuits, including those involved
in anxiety [5, 6].

Anxiety refers to fear. It is an adaptive reaction to a
threat or psychological distress, with a leading role in pro-
tecting the body from aggressions. In excess, anxiety can
cause distress, interfering with daily living. Anxiety disor-
ders are among the most common mental disorders both
in Europe, as in United States, with a significant increase
in the number of diagnosed patients in each year. Anxiety
disorders include generalized anxiety disorders, social pho-
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bias, specific phobias, post-traumatic stress disorder, panic
attacks [5].

Studies on the pathophysiology of anxiety have proven
an intensification of glutamatergic transmission [6, 7]. Nu-
clear imaging studies have shown in patients suffering from
anxiety disorders, that brain regions with high glutamate
concentration (hippocampus, amigdalla, etc) had struc-
tural changes or hyperactivity [8,9].

One of the most used standard first-line anxiety
treatments include anxiolytics from benzodiazepines thera-
peutical class, agonists of GABA receptors, with a high re-
sponse rate for most of patients [10].

Given this data, we tried to determine if GLU, when
administred orally as MSG, can influence stress-induced
behaviour and the degree of anxiety. Also, taking into ac-
count the interdependence between GABA-glutamate
neurotransmissions, we studied the possible interactions
of MSG with some representatives belonging to benzodi-
azepines therapeutical class, diazepam and alprazolam.

Materials and methods

Materials

Monosodium Glutamate (MSG = E 621) was purchased

from Sigma-Aldrich. Diazepam was obtained from Terapia

(Romania), and alprazolam from Labormed (Romania).
Cross-labyrinth (plus-maze) Ugo Basile 40142/3.
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Methods

The cross-labyrinth test is an elevated maze shaped like a
plus sign. Two opposing arms are enclosed by high walls
and the crossing arms are opened. The medium time (Tm)
spent in the closed-arms of the cross-labyrinth is correlated
with increased anxiety and the medium time spent in the
opened arms is correlated with a low degree anxiety. Mice
were placed in the center of the maze facing every time the
same closed arm. The time spent in each type of arm was
measured during 5-min tests.

Experimental animals
60 NMRI adult mice, weighing 25+2g, were purchased
from UMF biobase, Bucharest. They were housed in an
individualized ventilated cage system, with free access to
water and granulated food. The temperature ranged be-
tween 20-22°C and the relative humidity was maintained
at 35-45%.

All procedures were carried out in accordance with the
Directive 2010/63/UE 1.01.2013 - protection of animals
used for experimental and other scientific purposes.

Statistical analysis

Statistical analysis was performed using GraphPad Prism
version 5.00 for Windows, GraphPad Software, San Diego
California USA. The type of distribution of the animal re-
sponse was established with D’Agostino & Pearson test.
The statistical analysis used parametrical t Student test (for
normal distribution) or nonparametrical Wilcoxon test
(for abnormal distribution). The results were expressed as
meantstandard deviation.

Experimental protocol
The mice were divided in 6 working groups of 10 mice
each. Each group received for 21 days:
— Group I, III, and V: distilled water 0,1 ml/10 g p.o.
— Group II, IV and VI: MSG 300 mg/kg (solution
3% ) p.o.
The MSG dose (300 mg/kg) represents 1/50 from mice
LD50 (15000mg/kg) and is twice the maximum admitted
dose per day for human (150 mg/kg).

After 21 days, the animals received for another three
days (in days 22, 23, 24):
— Group I (control group): distilled water 0,1 ml/10g
p.o.
— Group II: MSG 300 mg/kg (solution 3% ) p.o.
— Group III: Diazepam 2 mg/kg (solution 0,02%) p.o.
— Group IV: MSG 300 mg/kg (solution 3% ) p.o. +
Diazepam 2 mg/kg (solution 0,02%) p.o.
— Group V: Alprazolam 0,75 mg/kg (solution
0,0075%) p.o.
— Group VI: MSG 300 mg/kg (solution 3% ) p.o. +
Alprazolam 0,75 mg/kg (solution 0,0075%) p.o.
In days 22, 23, 24, one hour after administration, all
groups were submitted to cross-labyrinth test.

Results
The medium time (Tm) spent in the closed-arms of the
cross-labyrinth by each group is given in table 1.

Tm spent in the closed arms slightly increased within
each group, from day 1 to day 3, but this increase had no
statistical relevance.

The percent variations of medium time spent in the
closed arms of the cross-labyrinth when compared to con-
trol group and the statistical significance are illustrated in
figure 1.

For the group receiving MSG (group II), a slight in-
crease of medium time spent in the closed arms of the
cross-labyrinth (representing an increase of anxiety) when
compared to control group (I) is noticed (6%, 9%,8%, in
the tree days of research), but the variation is not statisti-
cally significant.

Both diazepam and alprazolam groups (III, V) present
a significant reduction of the medium time spent in the
closed arms of the cross-labyrinth when compared to con-
trol group, proving their anxiolytic effect, more intense for
diazepam (- 44%, - 39%, - 38 %; all p < 0, 001).

For the groups pretreated with MSG for 21 days
(groups 1V, VI), after administration of diazepam or al-
prazolam, a decrease in the medium time spent in the
closed arms of the cross-labyrinth when compared to con-
trol group, is noticed (significant for the association with

Table |. Medium time (Tm) spent in the closed arms of the cross-labyrinth, for all groups

Tm in closed arms (seconds) +DS

A% A%

Group Day 1 Day 2 Day 2 from Day 1 Day 3 Day 3 from Day 1
| 0.68% 5.12%
Distilled Water 234.2+28.32 235.8+31.81 Ns (0>0.05) 246.233.27 Ns (p>0.05)
1l 3.57% 6.63%
MSG 249+28.39 257.9+ 30.63 Ns (00.05) 265.5+29.55 Ns (p>0.05)
1] 8.33% 16.30%
Diazepam 131.9+31.40 142.9+30.37 Ns (00.05) 153.4+48.13 Ns (00.05)
v 180.4+26.65 201.40+37.63 11.64% 200.70+19.99 11.22%
MSG+ Diazepam ’ i ’ : Ns (p>0.05) ’ ’ e’
" 0.32% 717%
Alprazolam 188.20+26.54 188.80+£32.19 Ns (0>0.05) 201.70+23.53 Ns (0>0.05)
\ 3.57% 5.37%
MSG + Alprazolam 223.60+28.25 231.60+34.46 Ns (0>0.05) 235.60+33.19 Ns (0>0.05)

DS - standard deviation; ns — with no statistical significance; A % = (Tm Day2- Tm Day1)*100/Tm Day1 or A % = (Tm Day3- Tm Day1)*100/Tm Day1
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Fig. 1. The percent variations of medium time spent in the closed
arms of the cross-labyrinth compared to control group

diazepam, without significance for the association with
alprazolam).

The medium time spent in the closed-arms was sig-
nificantly higher for the groups receiving association
MSG+diazepam or MSG+alprazolam (percentual increas-
es 37%, 41%, 31%, respectively 19%, 23%, 17%), than
for the groups receiving only benzodiazepines (diazepam
or alprazolam, repectively), as illustrated in figures 2 and 3.
This suggests an significant antagonism between MSG and
the anxiolytics used in the study.

Discussion

The results of this research proved our hypothesis on the
possible interactions of the food additive MSG (E621)
used as flavor enhancer, with drugs that interfere with
excitatory glutamatergic transmission, such as anxiolytics
belonging to benzodiazepines class, which are agonists of

GABA receptors.
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Fig. 2. The medium time spent in the closed-arms for the group
receiving association MSG+diazepam versus receiving only ben-

zodiazepines

The chosen method for this research was the induction
of anxiety using the cross-labyrinth test, an elevated maze
shaped like a plus sign with two opposing arms: the arms
enclosed by high walls and the total opened crossing arms.
This choice was based on the fact that the cross-labyrinth
test was particularly used by other authors in studying the
anxiolytic effect of benzodiazepines [11-13].

Tm spent in the closed arms slightly increased within
each group, from day 1 to day 3, but this increase had no
statistical relevance. This unsignificant increase, which is
also seen for the control group, is specific to the test and is
due to the stress and anxiety generated by the investigation
of the elevated opened arms. These results are in accord-
ance with the information found in literature that in stress
conditions, the excessive release of hippocampal glutamate
occurs. For example, the stress caused in rats, through
other anxiety tests and despair such as forced swimming
or repeating the imobilisation test, leads to an increase of
glutamate in hippocampus and prefrontal cortex [6].

For the group treated with MSG for 21 days (group II),
a slight increase of medium time spent in the closed arms
of the cross-labyrinth (representing an increase of anxi-
ety) when compared to control group (I) is noticed. This
anxiogenic effect resulted from long term dietary MSG
intake, was expected according to our working hypoth-
esis and to the present knowledge regarding the excitatory
glutamatergic transmission. In accordance with the infor-
mation found in literature, there have been people who
have accused a number of symptoms associated with MSG
consumption (known as "Chinese restaurant syndrome")
such being: sudden mood change sand panic attacks
[14,15]. Basic research ghives scientific support proving
that NMDA glutamatergic receptors and mGluR7 glu-
tamatergic receptors have been linked with anxiety. Mice
with various NMDA glutamatergic receptors subunits de-
leted were less anxious (plus-maze test) and showed spatial
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Fig. 3. The medium time spent in the closed-arms for the group
receiving association MSG+ alprazolam versus receiving only
benzodiazepines
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memory impairment [16,17]. The deficit of mGluR7 in
mice lead to similar results - a reduction of anxiety and
spatial memory impairement [18]. Anxiety has been no-
ticed in GADG5 (gene encoding glutamate decarboxylase
enzyme, GAD) knocked-out mice. GAD is an enzyme re-
sponsible for transforming glutamate in GABA, the main
inhibitory neurotransmitter [19,20].

The fact that the anxiogenic effect of the administered
MSG was not statistically significant may be a consequence
of the insufficient duration of administration (21-24 days)
and of the used dosage. The MSG dose choice (300 mg/
kg) represents 1/50 from mice LD50 and is only twice the
maximum admitted dose per day for human (150 mg/kg).
In general, in research on rodents, the used dosage is 2-10
times larger than those admitted in human, taking into ac-
count the higher rate of metabolism.

Both diazepam and alprazolam groups (III, V) pre-
sented a significant reduction of the medium time spent in
the closed arms of the cross-labyrinth when compared to
control group, proving their anxiolytic effect, more intense
for diazepam. The similar results were obtained by other
authors using alprazolam or diazepam in cross-labyrinth
test [11-13].

And finally, as we show on results, the medium time spent
in the closed-arms was significantly higher for the groups
receiving association MSG+diazepam or MSG-+alprazolam
(IV,V]), than for the groups receiving only benzodiazepines
(diazepam or alprazolam, repectively). This demonstrated a
significant antagonism between MSG and the anxiolytics
used in the study, which was our working hypothesis. This
result is more important as the used MSG dose determined
anxiety, even with no statistical significance. The appear-
ance of this phenomenon in our experiment, generates
the possibility of a decrease in the effect of the anxyolitics
benzodiazepines (such as diazepam and alprazolam) in pa-
tients which do not show signs of anxiety aggravated by the
MSG-containing consumed foods and drinks.

This antagonism observed between MSG and the
anxiolytics used in this study, raises questions on the dan-
ger of the extensive use of GLU or its salts (such as MSG)
as flavour enhancers in various processed aliments, regard-
ing the possible reduction of the efficacy of some medi-
cines, some of which extremely used nowadays (i.e. studied
anxiolytics).

Conclusions

The orally administration of 300 mg/kg MSG (group II),
a food additive (E621), for 21 days, slightly increases the
degree of anxiety in mice, in cross-labyrinth test but this
variation is not significant for the used dose.

The benzodiazepines, diazepam and alprazolam groups
(I, V), present a significant reduction the degree of anxi-
ety, proving their anxiolytic effect.

The preexposure to MSG, significantly alters the re-
sponse to the benzodiazepines therapy, reducing the effect

for both alprazolam and diazepam. This decrease is charac-
terized by increased values of time spent in the closed-arms
of the cross-labyrinth when compared with groups receiv-
ing only diazepam or alprazolam (percentual increases
37%, 41%, 31% and 19%, 23%, 17%, respectively).

Up to date, the subject of possible interactions between
dietary sodium monoglutamate (MSG, E621) and the ef-
ficacy of drugs is not developed in scientific literature. In
consequence, we propose to extend this research theme to
some other therapeutic groups.
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