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ABSTRACT
Introduction. Glutamic acid under the form of monosodium salt (monosodium glutamate) is regulated 

in the EU as a food additive (E 621), a fl avoring agent, to give the so-called „umami“ taste. Endogen glu-
tamic acid is the major excitatory neurotransmitt er of the central nervous system. Cortico-striatal glutama-
tergic transmission has been implicated in both the initiation and expression of addiction-related behaviors. 
In this paper, we have proposed to examine the extent to which food addictive behavior manifests itself in 
experimental animals, after repeated consumption of monosodium glutamate (MSG). 

Materials and methods. We have experimented on NMRI adult mice. Monosodium glutamate (MSG) 
was given daily, dissolved in water in the drinking bott les, for three weeks. Three doses of MSG were tested. 
Each lot of mice had two identical drinking bott les, one with MSG solution, another with plain water. The 
consumption of MSG solution was measured daily, together with the consumption of water, for all working 
groups.

Results. The mice consumed preferentially the solution of monosodium glutamate (MSG), not the plain 
water. The greatest increase in MSG solution consumption, 71,02% (p<0.0001), was noticed in the group 
receiveing the highest dose (=1/10 DL50/mice).

Conclusions. We experimentally demonstrated that monosodium glutamate (MSG) may induce an ad-
dictive alimentary behavior.
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INTRODUCTION
Glutamic acid (Glu) is regulated in the EU as 

a food additi ve, fl avor enhancer, because it gives 
the so-called „umami“ taste (eti m. jap. = deli-
cious). It can be used by itself (E 620), or as salts: 
monosodium glutamate (MSG - E621), monopo-
tassium glutamate (E 622), calcium diglutamate 
(E 623), ammonium glutamate (E 624), magne-
sium diglutamate (E 625) (1). These additi ves 
are extensively used in Chinese and Japanese 

cuisine and in fast food. The glutamic acid’s 
most frequently used salt is MSG (E 621). Roma-
nian legislati on on food safety, harmonized with 
EU legislati on, including EC Regulati on 178/2002 
on Food Additi ves For Use In Foods For Human 
Consumpti on No 438/295 of July 2002, pub-
lished in the Offi  cial Gazett e, Part 1 No. 722, of 
October 3 2002, allowes the additi on of no 
more than 10 g/kg food (= 1 g%) of MSG (E621). 
In spices, MSG can be added quantum sati s (in 
the amount which is needed). The use of MSG 
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(E621) is not legally permitt ed in foods for in-
fants and young children.

Since there are no offi  cial reports of severe 
adverse eff ects, glutamic acid and its’ salts are 
considered safe additi ves by the Joint Commit-
tee of WHO experts and F.A.Q. However, there 
have been people who have accused a number 
of symptoms associated with MSG consumpti on 
such as: dizziness, headache, weakness, numb-
ness, tremors, palpitati ons (known as „Chinese 
restaurant syndrome“), or nausea, respiratory 
problems, excessive sweati ng, hyperacti vity, su-
dden mood changes, panic att acks (1,2). But, to 
date, a clear relati onship between MSG ingesti on 
and the development of these conditi ons hasn’t 
been established (3). Yet a double-blind, placebo-
controlled, crossover study with the purpose to 
examine the eff ect of a single intake and repeat-
ed monosodium glutamate (MSG) intake re-
vealed that a single intake of MSG may cause 
headache and increased muscle sensiti vity and 
repeated intake of MSG induced mechanical 
sensiti zati on in masseter muscle and adverse ef-
fects such as headache and short-lasti ng blood 
pressure elevati on for which tolerance did not 
develop over 5 days of MSG intake (4).

In animal experiments, administrati on of 
monoglutamate sodium in rat pups resulted in 
neurotoxicity aff ecti ng certain brain areas, such 
as arcuate nucleus, together with endocrine and 
behavioural dysfuncti ons (5,6) and also in reti -
notoxicity (7,8).

Given these informati ons, the consequences 
of chronic consumpti on of glutamic acid salts 
due to their frequent use as food additi ve, 
should be further investi gated. The fact that glu-
tamate, associated with food, may lead to a 
„consumer loyalty“ due to the „umami“ taste, 
generati ng an addicti ve alimentary behavior, 
should be considered.

Furthermore, in a diet with a high number of 
products containing MSG as additi ve (meat, 
poultry, processed food, sauces, soups, mari-
nades, juice, refreshing drinks, etc.), it is possi-
ble for an individual to reach and even surpass a 
MSG dose of maximum 150 mg/kg/day. In this 
situati on, of unintenti onal abuse, the major 
problem arises from the fact that glutamic acid 
(Glu) is the major neurotransmitt er of the gluta-
matergic transmission, the main central excit-
atory aminoacidergic transmission (9-11). It has 
a large number of physiological roles such as: 
trophic role during ontogenesis of CNS, involve-
ment in memory and learning; but also the role 
in sti mulati ng the release of dopamine in the 
striatum, with implicati on in addicti on (9,12).

The excitatory role of the glutamic acid is es-
senti al from the early development of the brain, 
but an excessive acti vati on of this transmission 
can lead to neural degenerati on and death. The 
oversti mulati on of glutamatergic receptors de-
termines pathological neurotoxicity, probably 
through a high increase of calcium infl ux into 
the neurons and an excesive intraneuronal cal-
cium build-up (13,14) and formati on of a large 
number of free radicals. Death through isch-
emia arises, phenomenon which is considered 
to be the underlying cause of neurodegenera-
ti ve ilnesses such as Alzheimer disease, Parkin-
son’s disease, Hunti ngton chorea, Lateral Amio-
trophic Sclerosis (9,12).

Glutamic acid homeostasis imbalance gener-
ates neuroplasti city changes, especially in the 
dopaminergic neurons. This aff ects communica-
ti on between the prefrontal cortex and nucleus 
accumbens (15,16). Neuroplasti city in corti co-
striatal circuits is associated with dependence, 
and it is an important phenomenon for addic-
ti ve behavior (17,18).

Given the above-menti oned data on the in-
volvement of glutamatergic transmission in ad-
dicti on and the enhanced use of glutamic acid 
and its’ salts as food additi ves (E620-E625), the 
aim of this research is focused on investi gati ng 
the addicti ve potenti al behaviour of MSG. MSG 
was dissolved into the drinkining water, at ex-
perimental animals.

MATERIALS AND METHODS
Reagents
Monosodium glutamate (MSG = E 621) was 

purchased from Sigma-Aldrich.

Experimental animals
48 NMRI mice, adults weighing 20-25 g from 

UMF biobase, Bucharest, were used. The mice 
were housed in plasti c cages, in an air-condi-
ti oned animal room, with free access to water 
and granulated food. The temperature was be-
tween 20oC and 22oC and the relati ve humidity 
was maintained at 35-45%.

All procedures were carried out in accor-
dance with the Directi ve 86/609/EEC of 24th 
November 1986 and The Romanian Govern-
ment Ordinance 37/30.01.2002, regarding the 
protecti on of animals used for experimental 
and other scienti fi c purposes.

Experimental protocol
The animals were divided in four groups of 

12 mice, weighti ng 32 ± 5 g/group. During the 7 
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days accomodati on period, the average water 
consumpti on was evaluted for each group as 
150 ml/day. During the experiment, for 25 days, 
the mice from every cage received daily 2 bot-
tles of liquid A and B, each bott le containing 200 
ml (to ensure a possible increase in liquid con-
sumpti on over 150 ml), as it follows:

• Group I: two bott les, A and B, each 
containing 200 ml water;

• Groups II, III, IV: two bott les, one A 
containing 200 ml of MSG soluti on and 
one B, containing 200 ml water. 

Taking into account of the DL50 for MSG in 
mice (DL50 = 15,000 mg/kg = 15 g/kg), the con-
centrati on of MSG soluti on from the bott les „A“ 
was calculated to ensure the administrati on of 
MSG daily doses of maximum:

• Group II: D1= 1/10 DL50/animal; 
• Group III: D2= 1/20 DL50/animal; 
• Group IV: D3= 1/40 DL50/animal. 
The liquid consumpti on was determined ev-

ery day, at an exact interval of 23 hours and 30 
minutes, using precise measuring instruments.

The bott les, type A and B, were kept the same 
for each group and they always had the same po-
siti on (left  or right) and the same type of content 
(water or glutamate soluti on), in order to man-
tain the specifi c odour of the group, to ensure 
freedom of rapid acces, without fear and for cre-
ati ng a conditi oned refl ex regarding the locati on 
of the bott le with glutamate soluti on.

Stati sti c analysis was made using the soft  
GraphPad Prism vers. 5 (Graphpad Soft ware, 
San Diego California USA).

RESULTS 
The average liquid consumpti on/group for 25 

days, from each bott le, is presented in Table 1. 
The percentage diff erences in the liquid con-

sumpti on between bott le A and B are ilustrated 
in Figures 1 and 2.

Percentual change in average liquid con-
sumpti on from both bott les (A + B), compared 
to group I is presented in Table 2.

The percentual change in average liquid con-
sumpti on from each of the bott les A and B com-
pared to group I (control), is illustrated in Figure 3.

TABLE 1. Medium liquid consumpti on/bott le/group in 25 days of exposure

Liquid consumpti on (average volume/bott le/group)
Group I (control) Group II Group III Group IV

Bott le A (ml) Bott le B (ml) Bott le A (ml) Bott le B (ml) Bott le A (ml) Bott le B (ml) Bott le A (ml) Bott le B (ml)
Average±DS 74.11 ± 31.46 76.30 ± 21.79 92.03 ± 21.84 53.81 ± 26.52 91.89 ± 18.93 64.08 ± 22.99 89.86 ± 12.37 62.54 ± 23.89
SEM 5.15 3.58 3.26 4.36 3.16 3.78 1.75 3.93
Dn
D’Agosti no 
Pearson

Yes Yes Yes Yes Yes Yes Yes Yes

DS – standard deviati on; Dn – normal distributi on; SE – standard medium error

Group I Group II Group III Group IV
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FIGURE 1. Percentual change of the liquid consumpti on 
– bott le B compared with bott le A
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FIGURE 2. Percentual change of the liquid consumpti on 
– bott le A compared with bott le B
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FIGURE 3. Percentual change of the liquid consumpti on 
from bott les A and B, compared with group I
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DISCUSSIONS
The consumpti on of water form bott le B de-

creased stati sti cally signifi cant (p < 0.0001), while 
the consumpti on of monosodium glutamate (MSG) 
soluti on from bott le A increased stati sti cally signi-
fi cant (p < 0.0001), for all three test groups (II, III, 
IV), as seen in Figures 1 and 2. The intensity of the 
eff ect is in a direct relati on with the concentrati on 
of the soluti on of MSG given (the greatest increase 
in MSG consumpti on, 71.02%, is noti ced in the gro-
up receiveing the highest MSG dose (correspon-
ding at 1/10 DL50/mice). For the control group, 
group I, the diff erence of consumpti on between 
the two bott les is minimum, having no stati sti cal 
signifi cance (p > 0.05). On what concerns the to-
tal average liquid consumpti on, the variati ons 
between all four groups have no stati sti cal diff e-
rence (as showed in Table 2). In comparison 
with the control group, the consumpti on of wa-
ter form bott le B decreased stati sti cally signifi -
cant, while the consumpti on of MSG soluti on from 
bott le A increased stati sti cally signifi cant for all 
three test groups (II, III, IV), illustrated in Figure 3. 
Again, a direct relati on between the intensity of 
the eff ect and the concentrati on of the given MSG 
soluti on can be observed (the greatest variati ons, 
a 24,18% increase of MSG soluti on consumpti on 
and a –29.47% decrease in water consumpti on, 
are noti ced between control group I and group II, 
the group receiveing the most concentrate soluti -
on of glutamate equal to 1/10 DL50/mice).

These results indicate that monosodium gluta-
mat (MSG), used as food additi ve (E 621), may 
infl uence eati ng behavior, inducing a «loyalty» 
for glutamate enriched-food and an addicti ve 
behavior. One of the underlying causes of this 
phenomenon may be the fact that MSG acti va-
tes chorda tympani (CT) neurons, by sti mulati ng 
separate receptors for Na+, sugars and glutama-
te, in taste bud cells (2). The specifi c savoury 

taste („umami“) is elicited by both components 
of MSG: glutamate anion and Na+ cati on (17). It 
must be remembered also that glutamatergic 
plasti city in the nucleus accumbens is criti cal for 
the expression of the behaviors related to ad-
dicti on (18,19). Desensibilizati on of D2 recep-
tors and sensibilizati on of glutamatergic path-
ways are linked at cellular level and are 
considered to be molecular mechanisms of con-
diti oning and drug addicti on (20-22). Primary 
rewards like food and water, when presented in 
an unexpected manner, are among the most ef-
fecti ve sti muli for dopamine neurons in the ven-
tral tegmental area (VTA) (23) which receive a 
major excitatory response from the prefrontal 
cortex, and also other brain regions (24), the 
major neurotransmission involved being the 
glutamatergic transmission (25). The evidence 
supports the hypothesis that VTA neural cells 
are involved in reward based learning, like the 
one involved in drug-addicti on (25).

CONCLUSIONS
The purpose of this experimental research 

was to investi gate the hypothesis that sodium 
monoglutamate (MSG), used as food additi ve 
(E621), may infl uence eati ng behavior, inducing 
a «loyalty» for glutamate enriched-food and an 
addicti ve behavior.

Stati sti cally signifi cant increase in the con-
sumpti on of aqueous soluti on of MSG from 
bott les A, accompanied by a signifi cant decrea-
se in water consumpti on from bott les B, for the 
three groups exposed to MSG, but not for the 
control group, and also a similar daily total fl uid 
intake for all 4 groups, verifi ed the working hy-
pothesis of an addicti ve eff ect of MSG used as 
additi ve in food.

This conclusion resulti ng from this animal 
experimental research, together with the re-

TABLE 2. Total average liquid consumpti on (bott le A+B) during 25 days of 
study

Liquid consumpti on 
(average volume/bott les A+B/group)

Group I Group II Group III Group IV
Average±DS 150.4 ± 40.79 145.8 ± 30.52 157.4 ± 28.10 152.4 ± 27.18
SEM 6,71 5.02 4.62 4.47
Dn D’Agosti no 
Pearson test

Yes Yes Yes Yes

Δ% – vs. 
control group

- 3.03% 4.65% 1.32%

p 0.3049 ns 0.1103 ns 0.6728 ns
DS – standard deviati on; SEM – standard medium error; Dn – normal distributi on Δ – chan-
ge; * – stati sti cally signifi cant, ** – with high stati sti cal signifi cance, *** – with extremely 
high stati sti cal signifi cance, ns – with no stati sti cal signifi cance
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search presented in the introducti on and in dis-
cussions of the paper, highlighti ng the involve-
ment of endogenous glutamatergic system in 
the phenomenon of addicti on, raises the questi -
on of obvious negati ve report fi nancial-benefi t/
adverse eff ects cumulati ve ti me for MSG as a 
food additi ve.
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