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Abstract

The present study investigates the effect of long term treatment (0.06,0.3 and
0.6g/kg b. Wt orally) with monosodium glutamate (MSG) on open field test ar’xd some
biochemical parameters such as cortisol, serotonin (5-HT) and monoamine oxidase activity
(MAO) of post weaned albino rats for 3 months. Open field test showed a significant
decrease in animal freezing and marked increase in horizontal movement expressed by
number of crossed squares as well as vertical movement represented by number of rearing.
In addition, MSG treated groups showed marked increase of cortisol level in serum, as
well as serotonin (5-HT) level in frontal cortex. Moreover, significant decrement in
monoamine oxidase (MAO) activity in frontal cortex had been observed. Results provide
evidences that post weaned rats chronically exposed to monosodium glutamate which used
widely as food additives showed decrease in anxiety and increase in hyperactivity.

Key words: Flavor enhancer, Food additives, Monosodium glutamate, Hyperactivity, Anxiety.
Introduction

Various environmental chemicals, industrial pollutants and food additives
have been implicated as causing harmful effects, (Harsha and Anilakumar, 2013).
Most known food additives are antioxidants, bulking agents, food coloring, flavors,
flavor enhancers, glazing agents, stabilizers and sweeteners, (Khodjaeva et al.,

2013).

The flavor enhancer monosodium glutamate (MSG), which is a sodium salt
of glutamate, is one of the most flavor enhancer commonly- used all over the vgorld
by millions of people in their food as it is a food additive in restaurants, hospitals,

retirement homes and cafeterias. Moreover, it is found in a wide variety of gmmed
ume MSG in both

and packaged food, (Jhon, 2006). Also in Egypt, Egyptians consume
ready and homemade food, almost daily, (Swelim, 2004). _Monosodmm glutamate
improves taste stimulation and enhances appetite, (Vinodint et al., 2008).
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Over the past several decades, debate has been aroused abouyt the gaf
: Glutamate  and its receptors are . Salety of
onosodium glutamates. : : essential in (e
normal functioning of the brain and spinal cord, although excessive ajy,
ht to contribute 0 neuronal damage in many neurologicalatmn

by glutamate is thoug 1oL : :
y8 c—ischemic ~ and traumatic brain injurieg 1,

disorders ranging from hypoxi matic b
chronic neurodegenerative diseases such  as Alzheimer's disease, Parkinson'

disease and Huntington's disease, (Pelligrini-Giampetro et al, 1997 and ply

2007).
in high doses produced neuroendocrine

Monosodium glutamate n prod
neurotoxicity and oxidative damage in differen;

abnormalities, neurodegeneration, :
organs in rodents (Harsha and Anilakumar, 2013). Moreover, the hormong|

alterations caused by MSG treatment affect the physical state and behavier,
especially in neonates’ rodents who have an immature blood-brain barrier, (Larsen
et al, 1994). The incidence and severity of the lesions done by MSG varied
according to the dose level and the age of the animals, (Monno et al., 1995).

dies dealt with high doses of MSG (third of lethal

Most of the animal stu
aneous (s.c.), (Bodnar et al., 2001,

dose) and administered to rodents either subcut
Olvera-Cortes et al., 2005, Lopez-Perez et al., 2005 and Kiss et al., 2007) or

intraperitoneal (i.p.), (Kuznetsova, et al. 2007, Harsha and Anilakumar, 2013,
Shivasharan et al., 2013, and Swamy et al., 2013) but this can't give us a clear
picture of the effect of MSG in our diet. Moreover, previous studies mainly inject
MSG in neonates, (Olvera-Cortes et al., 2005, Lopez-Perez et al., 2005, Kiss et al.,
2007, Kuznetsova et al., 2007) or adult animals, (Eweka and Om'Iniabohs, 2008,

Shivasharan et al., 2013 and Swamy et al., 2013).

. Therefore, the objective of the present study was to evaluate the possible
ﬁnxloger}lc_ or the anxiolytic effect of MSG on weaned. Anxiety like behavior an
yperactivity were measured and the biochemical profile was monitored.

Materials and methods

Animals and Locations
Eight : ;
Obtamedg}fl'rzmwfha:lnu;git Wgstar male rats, Weig}ung appr()ximately 55-658 were
Control and Reseaet I\(I)O laboratory animals at National Organization of D/
standard plastic cages w'thD-CAR and used in the study. They were housed 1
umals were maintaintad stainless stee] wire lids, bedded with wood shavings:
temperature of 20.22 ang 60(())n a 12- h light/dark cycle at a constant room
/% relative humidity. Feed and water were offered &

libitum through
. out the
minimize the muyp,here o oS¢ Of the

mbers of animalg and t}}g;esssgér?:llld}'- tlA - e
g 1n this study
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following the guidelines released by Cairo University Policy on Animal Care and
Use.

Administration of Monosodium Glutamate

All animals were distributed randomly into four groups having 20 animals
each. The route chosen in this study for €xposure was oral gavage to r;jmic human
exposure. Animals were administered our treatments, throughout the study till its
completion, for 12 weeks as follows:

Group (1) control (c), n=20 weanling male rats were administered physiological
saline.

Group (2), (3). and (4) received MSG orally at 0.06, 0.3 and 0.6 mg/g body
weight, respectively, (Oneyma et al., 2006 and Eweka and Om'Iniabohs, 2008)
dissolved in physiological saline, (Mohamed, 2012).

Behavioral Measurements
Anxiety like Behavior and Locomotion

The open field test provides simultaneous measures of locomotion, and
anxiety like behavior, (Kelly, 1993 and Millan, 2003). The open
field was a  square wooden arena measured (90 x 90 x 25c¢m).The wood of the

apparatus  is covered with a plastic laminate (formica), which prevents 1
absorption of fluids (urine of rats). The floor was divided by black lines into 36 it
small squares (15 x 15cm). The open field maze was cleaned between each rat
using 70% ethyl alcohol to avoid odor cues. The rats were carried to the test room
in their home cages and tested once at a time for 3 minutes each. Rats were
handled by the base of their tails at all times. Rats were taken from their
home cages and placed randomly into one of the four corners  of the open . field
facing the center. The behavioral scores measured in  this .expenm.ent
included total numbers of line crossings (number of squares), rearing against
Ehe wall, as well as the time spent- freezing (no movement)  was quantified.
Table 1)

Biochemical Measurements
Blood and Tissye Sampling
On completion of all behavioral assessments, blood samples were collected

from retro orbita venous plexus and drown by vein puncture into serum separation
tu.bes (Schemer, 1967). The blood was allowed to clot at room temperature fc_)r 30
inutes, Serum was then separated by centrifugation at 3000 revolution per minute
(tpm) for 10 minutes at 4°C using cooling centrifuge. The separated serum was
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collected and stored at -20°C for determination of cort;
i

aly

sacrificed by decapitation and the brain wag immccliatc]q;)]; T}’cfcark
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brain was dissected, weighed and kept at -20°c untif ¢
content and monoamine oxidasc activity., CtCrminat,-(m

Determination of blood cortisol

Cortisol was determined in serum sample using com
) T - m P
(Immunospec. Corp. USA) according to the method of Foster an ;rlgxl:l] ELigy .

Estimation of amine levels:

Each tissue sample was weighed and hemoginized ip 3 m]
n-butanol using glass homogenizer. Homogenization of hioh lacle-cold i,
serotonin from tissue homogenates has been described previously bnc;;e_covery ¢
(1968). The serotonin content was determined in frontal cortex azlc alcke 1
fluorometric method of Ciarlone (1978). Ording ¢, e

Determination of monoamine oxidase (MAOQO)

Tissue samples where weighed and homogenized in 0.2M Phosphate by,
pH 7.4 (2%w/v). The fluorescent product 4-hydroxyquinolone (4-HQ) WeT’
measured in a spectrofluorometer at 315 nm (excitation) 380 nm (emissiog
according to a modification of the fluorometric method of Krajl (1965).

Statistical analysis
Statistical analyses were performed by using SPSS 18 for Windows

(SPSS Inc., Chicago, USA). Data are presented as means + S.E.
Homogeneity of the data was confirmed before ANOVA, differences

among the experimental groups were assessed by one-way ANOVA

followed by Tukey or Tamhane's T2 and differences were considered statistically
significant at probability level less than 0.05 for all tests.

Results

Anxiety like Behavior and Locomotion

" Th(? e'ffect of MSG treatment on parameters of open field test ‘::s

ii i:tit;m(‘i In (Table 1). MSG-treated rats increased si gnificantly the mean Cooge) as

el a(;e in the open field test when compared with the control group (P < O"fcant
a significant increase of rearing (p < 0.05). On the other hand, signi”

decreased time spent freezing took place (p <0.05)
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Tablel: Effect of MSG administration on open field test parameters

e

r—' Group Control (Low-MSG) (Medium (High-MSG)
Parameter group Group -MSG) group Group (0.6mg/p)
. (0.06mg/g) (0.3mg/g)
Freezing time(s) 7.3+1.4 2.410.7* 1.4£0.6* 1.840.6*
Total no. of squares 14.549.4 34.0£19.2* 39.1£14.7* 32+15.7*
crossed |
No. of rears 2.3%£1.3 3.743.5* 5.6+4.9* 4.07£2.1*

Blood cortisol:

(*) values (mean + S.E.) within row differ significantly (p <0.05).

e ———————

_ Cortisol level was significantaly increased in rats treated with low and
medium doses of MSG (p < 0.05 - Table 2), when compared to those in control

group. Nonsignificant increase was observed in high treated group (0.6 mg/g).

Serotonin

In the present study, serotonin was markedly increased in frontal cortex in
all MSG treated groups compared to control one (p < 0.05 - Table 2). This
increasing was not significant at medium MSG group.
Monoamine oxidase

Monoamine oxidase activity was significantly decreased in frontal cortex
in monosodium glutamate treated groups (p < 0.05 - Table 2), despite this
decrement was non-significant at low-MSG group.

Table 2: Effect of MSG administration on some biochemical parameters in rats.

Control (Low-MSG) (Medium (High-MSG)
roup group Group -MSG) Group
(0.06mg/g) group (0.6mg/g)
Parameter (0.3mg/g)
BI. cortisol (pg/d)) 136£0.12 | 2.3540.23* 2.91£0.22* 1.67£0.12
Serotonin level (ug/g 0.099£0.01 | 0.132£0,007* [ 0.108+0.009 0.129+0.007*
tissue) in frontal cortex
Monoamine oxidase 9.080.40 8.48+0.27 7.372046* | 7.53+.070*
activity (1M 4-HQ/hr/g
tissue) in frontal cortex
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Mechanisms are similar in rode a

nts and
of rodents would be of a great utility for stuI:iL;rIiTgn

al., 2004).

Monosodium glutamate (MSG) has be Aale
when it is administered to) newbc?;usigd‘;ctl:ly as a foo
subcutaneously); it produces excitotoxic damage to diffmuapeﬁtoneall
along with behavioral and metabolic changes, (Gonzalez.glr;m brain Tegio
These excitotoxic effects appear to be mediated by differeicis ¢t al, 2001)f
receptors over-stimulation and including several physiological ag;ummat?r_gic
(Rodriguez et al., 2000 and Cull-Candy et al. 2001) such as neufoormahnes
deficiencies involving metabolic, reproductive and growth di
(Dawson and Annau, 1983).

Hence, young animals are more susceptible than adults to the MSG toxic
effect, (Olney 1978 and 1980) possibly because the amino acid intake
mechanisms are not yet completely functional, or because the blood-brai
barrier has not been completely established, or both reasons combined in a
newborn animal, (Ortuno-Sahagun et al., 1997).

The current study was designated to evaluate the effects of monosodiu
glutamate in weanling male rats on anxiety like behavigr and hyperactivity as
well as biochemical changes. Glutamate within the brain and spmal cord has
more functions than being a simple excitatory neurotransmitter, as 1; is
important in the pathogenesis of anxiety disorders such as att'engion CLC ;115
hyperactivity disorders (ADHD), ﬁllzh;(i)?lze)r's disease, Parkinson's discas
Huntington's disease, (Onaolapo et al., y Lt : P

In f;t)en field test, treated rats showed a significant decrease 1n fri:smuit% trﬁ;
and a markedly increase in vertical and horizontal movement. These it A
indicate a decrease in anxiety and increase in 1'1yperact1v1ty. Lo;;;n(l)( otz 1953
has been reported both to be increased, (Araujo and Mayer, 1 o 597) of

Klingberg et al., 1987, Saari et al., 1990 and DUbOViCk}ig?/tS, Twata et &l

MSG treatment

N

b
Viorg (le Mode

S, thus g yapis

differe valid relia "

Agmo
CY

0r

endocripe
sturbanceg

decreased, (Pizzi and Barnhart, 1976, Poon and ('jameron,
1979, Seress 1982 and Hlinak et al., 2005) following neonatal i employeth
Reasons for this discrepancy may include differences in the appar of time for
route of administration and age of animals treated -and/O{ %eng.th result from
which observations were made, (Ali et al., 2000). HYPeracnwty ° athreatening-
decreased anxiety during situations that should normally e ith reduced
Hyperactive rats showed an overall behavioral pattern consistent W' . r
anxiety on open field test that measure anxiety induced by anxlo.gemc gractivi

{odents, such as open space. The association of food additives with additives
1s a popularly accepted notion. The causation of this condition by food g that

is somewhat controversial, although a number of controlled clinica trial
have eliminated
diets of h

al., 2005)

food colorings, preservatives, and flavor enhancel'?or (Lau o

yperactive children have shown an improvement in behavl
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Discussion

Animals having predictive validity to human res
processes are good models, (Giraldi et al,, 2004). Th
behavioral :

ponses or physiological
e basic neural and

The biochemical assessment in this study indicated e i
in monosodium glutamate treated rats. Sevgral reports lsil‘?\fveéidcgrtlse(r)lilsivei
elevated blood corticosterone levels in adult animals neonatally tregted w?‘?h
monosodium glutamate, (Dolnicoff et al., 1988, Magarifios et al., 1988. Macho
et al.,, 1999 and Kuznetsova et al., 2007). ’ ’

Cortisol and corticosterone are glucocorticoids secreted from adrenal
glands and controlled by adrenocorticotropic hormone (ACTH). They present
in detectable or similar amounts in plasma. The reasons underlying the
presence of two different glucocorticoids hormones in the plasma of some
species (e.g. rat and mice) are not understood at present. It is widely assumed
that cortisol and corticosterone share the same physiological roles, (Vera et al.,
2012).

Macho et al., (1999) suggested that elevated corticosterone level in MSG
treated rats is due to elevated corticosterone production in adrenals and lower
degradation rate in liver. This modification of the adrenocortical system is
expected to produce changes in the animals’ behavior (Kuznetsova et al.,
2007). Kuznetsova et al., (2007) agreed with the present study that an increase
of blood corticosterone was accompanied by a decrement in levels of anxiety as
the time spent in the open arms of the maze was greater after administration of
sodium glutamate than in intact mice, supporting the notion that there was a
reduction in the level of anxiety accompanied by high level of corticosterone.

Concerning the effect of MSG on frontal cortex, brain region involved in
the regulation of mood and performance, (Chimakurthy and Talasila, 2010),
serotonin (5-HT) was markedly increased in frontal cortex in our study.
However, previous researches did not fit with the elevation of 5-HT in the
frontal cortex of MSG treated groups, (Nakagawa et al., 2000, Waggas et al.,
2009 and Harsha and Anilakumar, 2013). These differences between subject
areas may be ascribable to the disputes between the methodologies such as
species and developmental level.

Serotonin level is the principle monoamine involved in the pathogenesis
of many anxiety disorders where low levels of 5-HT is associated with anxiety
and the possible mechanism involved in the anxiolytic-like effect of many
substances can be attributed to increases in the 5-HT level, (Chimakurthy and
Talasila, 2010). Accordingly, it could be concluded that the increment of 5-HT
in frontal cortex in MSG treated rats observed in our study may explain the

decrease of anxiety.
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In the present study, monoamine oxidase activity (MAOQ)
2U), a mitoe

enzyme responsible for the qxidative deamination of a variety of bj
was signiﬁcantly decreased 1n frontal cortex. The increm 10genic am;

: p : ent of 5-HT'| Ineg
following Jong-term treatment with MSG 1n the developing r evel ,
to a decr?ment in MAO as represented from the present study. & rats may be ye
Conclusion:

In conclusion, the current study confirms that the flavor enh
monosodium glutamate even at low doses causes behavioral implicationz et
as biochemical disturbances. Based on the existing study, consumpt?s well

at childhood leads to hyperactivity. Further?:OIZf

monosodium glutamate

disturbances in serotonin and elevation of blood corticosterone are an impact
monosodium glutamate intake. Accordingly, care should be taken eSpeciallygf
hyperactive children to decrease the consumption of food that contains
monosodium glutamate. Further researches should be completed to estimate the
effect of monosodium glutamate with other food additives.

honrigy
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