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Abstract 
Background: M o n o s o d i u m g l u t a m a t c ( M S G ) 
toxicity in rodents reportedly causes damage to the 
brain via oxidative stress. Teljairia occidentalis 
ethanolic extract (TOE) may mitigate this damage 
by virtue of its known antioxidant property. This 
study investigated the possible protective role of TOE: 
against MSG- induccd a l te ra t ions in rat brain 
microanatomy. 
Materials and methods: Forty two adult male rats 
(130-150 g) were randomized into six groups as 
follows: Group 1: Control, food and water; Group 
2: TOE (400 mg/kg body wt.); Group 3: VIT E (500 
nig/kg body wt.): Group 4: MSG (4 g/kg body wt.); 
Group 5: MSG (4 g/kg) + VIT E (500 mg/kg) and 
Group 6: MSG (4 g/kg) + TOE (400 mg/kg). MSG 
was given to induce neurotoxicity in rats one hour 
before treatment with TOE or VIT E. AN treatments 
were g iven by g a s t r i c g a v a g c for 14 days . 
Behavioural tests were conducted on day 15 and the 
rats were subsequently euthanized with i.p. Ketamine 
hydrochloride. The harvested brain tissues were fixed 
in neutral buf fered formalin and hippocampal 
biopsies processed for light microscopy using 
hacmatoxylin and cos in slain. Granule and pyramidal 
neurons of h i p p o c a m p u s were a s s e s s e d 
quantitatively. 
Results: Monosod ium g lu tama tc s ign i f ican t ly 
reduced the frequency of some behavioural tests 
while increasing others relative to control group. 
MSG induced degeneration of some granule and 
pyramidal neurons of the hippocampus and also 
significantly (p<0.05) reduced the neuronal count 
of both neuron types. Both MSG + VIT E and MSG 
+ TOE co- t r ea tmen t s reversed the h is to logic 
alteration and significantly elevated neuronal density 
when compared with MSG group. 
Conclusion: The ethanolic extract of Teljairia 
occidentalis demonstrated protective effects against 
MSG- induccd h is to logica l a l t e r a t i ons in rat 
hippocampus. 
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Resume 
Contexte : La toxicitedu glutamatc de mono-sodium 
(GMS) chcz les rongeurs cause de manicrc constatcc 
des dommages au ccrvcau par lc biais du stress 
oxydat i f . L 'cx t ra i t e thanoiquc de 
Teljairia occidentalis (ETO) pcut attcnucr ccs 
dommages en raison de sa proprictc antioxydant 
connue. Cclte etude a examine lc role protcctcur 
cvcntucl d 'ETO contrc les alterations induitcs par 
lc GMS dans la micro-anatomic du ccrvcau du rat. 
Materiels et methodes : Quarantc-dcux rats males 
adultcs ( 130-150 g) ont etc randomises en six 
groupes commc suit: Groupc 1: controlc, nourriturc 
et eau; Groupc 2 : ETO (400 mg / kg de poids 
corporcl); Groupc 3: VIT E (500 mg / kg poids 
corporcl); Groupc 4: GMS (4 g / kg de poids 
corporcl); Groupc 5: GMS (4 g / kg) + VIT E (500 
mg / kg) et groupc 6: GMS (4 g / kg) + TOE (400 
mg / kg). On a administrc lc GMS pour induirc unc 
ncuro-toxicitc chcz les rats unc hcurc avant lc 
trailenient par ETO ou VIT E. Tous les traitcmcnts 
ont etc adminislrcs par gavagc gastriquc pendant 14 
jours. Des tests comportcnicntaux ont etc cffcctucs 
au jour 15 et les rats ont ensuite etc cuthanasics 
avee le chlorhydratc de ketamine i.p. Les tissus 
cerebraux rccucillis ont etc fixes dans du formol a 
tampon neulre et des biopsies de Phippocampc ont 
etc trai tees pour la microscopic optiquc en utilisant 
de la coloration a V hcmatoxylinc et a Vcosine. Les 
neurones granulaircs et pyramidaux dc I'hippocampc 
ont etc cvalucs quantitativcmcnt. 
Resultats: Lc glutamatc mono-sodiquc a rcduit dc 
manicrc significative la frequence dc certains tests 
comportcnicntaux tout en en augmcntant d'autrcs par 
rapport au "groupc tcmoin. Lc GMS a induit la 
degcncrescence dc certains neurones granulaircs et 
pyramidaux dc Th ippocampc , ainsi q u ' a 
significativement (p <0,05) rcduit lc nombrc dc 
neurones des deux types dc neurones. Les deux co-
traitcmcnts GMS + VIT E et GMS + ETO ont inverse 
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raltcration histologiquc cl out s ignif icat ivcmcnt 
clcvc la dcnsitc ncuronalc par rapport ' i ru groupc 
GMS. 
Conclusion: L'cxtrait cthanoYqucdc Tclfairia occidcntalis 
a dcmontrc dcs c f l c t s p r o t c c t c u r s c o n t r c les 
alterations histologiqucs induitcs par lc G M S dans 
Phippocampc dc rat. 

Motscles: Glutamate dc mono sodium. 
Tclfairia occidcntalis, cellules gramdaires den tecs, 
neurones pyramidaux CA3, neuro-degeneresccnce 

Introduction 
Monosodium glutamate (MSG) is the sodium salt 
of glutamic acid, one of the most abundant naturally 
occurr ing n o n - e s s e n t i a l a m i n o a c i d s [1] . 
Monosodium glutamate is present in f ru i ts and 
vegetables such as tomatoes and potatoes but its 
safety as a food additive has generated controversies 
both locally and global ly [2]. G l u t a m a t e is an 
excitatory neurotransmitter in the mammalian brain 
which plays important roles in both physiological 
and pathological processes [3]. It is released from 
the vesicles in presynaptic terminals by a calcium-
dependent m e c h a n i s m tha t i nvo lves v o l t a g e -
dependent calcium channels and is also recognized 
as an cxcitotoxin [4-6]. Despite experimental reports 
of the toxic i ty of M S G , the Food and D r u g 
Administration and Control (FDA) of the United 
States reported that MSG was safe [7], a position 
that might have cncouragcd its continued use by 
many restaurants and families. It has been reported 
to be neurotoxic [7] and the neurotoxicity has been 
attributed to the mechanism of oxidat ive s tress 
among other factors [8, 9], however, the use of 
antioxidant complexes like vitamin C, vitamin E and 
Qucrcetin has reportedly ameliorated this [10, 11]. 

Tclfairia occidcntalis commonly called 
fluted pumpkin is a vegetable which belongs to the 
family Cucurbitaccac. In Nigeria, it is called k 4Ugif 
(Igbos), "Aporoko" (Yoruba) , " U b o n g " (Ef ik) , 
"Umcc" (Urhobo), and "Umckc" among the Edo 
people [12]. Fluted pumpkin is majorly cultivated 
for its leaves and eaten as potherb, and the seeds 
eaten as "cgusi soup". This vegetable is known to 
contain protein, carbohydrate, fat, calcium, iron, 
magnesium, potassium and vitamins such as A, B2, 
B5, B12 and thiamine thus possess ing hea l th-
maintaining potentials [13, 14]. Phytochemically, 
it contains oxalates, saponins, glycosides, alkaloids, 
resins and flavonoids, the latter being responsible 
(or its antioxidant and f ree radical s caveng ing 
properties [ 15-17J. Its use in the treatment of anaemia 
in pregnant women is premised on the high iron 
content of its leaves [18]. 

Alpha-tocophcrol (vitamin If) is a natural 
occurring vitamin found in a variety of fruits and 
benef ic ia l to overall body functions as well as 
possessing antioxidants property thus helping the 
body to combat degenerative conditions. It is an 
intracellular compound associated with lipid-rich 
biological membranes; it is lipophilic making it a 
major free radical chain terminator [19]. 

The mammalian hippocampus is loeated in 
the temporal lobe of the cerebrum and consists of 
the Amnion 's horn or cornu ammonis regarded as 
the hippocampus proprius and the dentate gyrus [20]. 
It is i m p o r t a n t in memory formation and 
consolidation [21]. Memory may be in form of either 
declarative (semantic, cpisodic or spatial) or non-
declarative [22]. Memory formation depends on the 
i n t ac t h i p p o c a m p a l fo rma t ion consis t ing of 
cn torh ina l cor tex , dentate gyrus, hippocampus 
proprius and the subiculum which is a transitional 
zone be tween the cntorhinal and hippocampal 
cortices [21]. Before the hippocampus is involved 
in memory formation, sensory information must pass 
th rough a h ierarchica l ly organized ncocortical 
n e t w o r k i n v o l v i n g p r i m a r y sensory cortices 
activation, supplemental sensory areas and high-
order association cortices. Following these events, 
information is then led to the cntorhinal cortcx which 
is associated with the trisynaptic circuit, a pathway 
that relays information from the pcrforant path to 
the dentate gyrus, dentate to cornu ammonis3 (CA3), 
and CA3 to cornu ammonis 1 (CA1) [23-25). Damage 
to any part of this pathway would affect the functions 
of the hippocampus due to structural alterations which 
monosodium glutamate might elicit since it has been 
associated with neuronal injury and death [6]. 

I he objective of this study was to investigate 
the effect of possible protective property of Tclfairia 
occidcntalis leal extract and alpha-tocophcrol on the 
hippocampal neurons of male Wister rats that have 
been exposed to monosodium glutamate. 

Mater ia l s and methods 
Plant materials and extraction process 
Tclfairia occidcntalis leaves were procured from a 
c o m m o d i t y market in hvo, Nigeria. Botanical 
identification and authentication of the leaves were 
done ai the herbarium of Department of Biological 
Sciences, Bowcn University, Iwo, Nigeria where a 
voucher number: BUM08 was given and a specimen 
was deposited. The leaves were dried at room air, 
then processed into the powdery form. About l()2.0g 
of the powder was used to obtain 11.7 g of the 
Tclfairia occidcntalis cthanolic extract (TOE) thus 
giving an 11.5 % yield. 
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/ xpcrinwtital Animals 
I o r ty - two (42) ;idult mule W i s t a r ra ts we igh ing 
be tween 130 g-15() g w e r e a e q u i r e d f r o m the 
breeding eolony and kept in the Animal House of 
the College of Health Se ienees Medicine , Bowcn 
I 'nivcrsity, I wo, Nigeria. They were housed in netted 
wooden cages having dimensions 43 cm * 40 cm * 
29 cm and soft wood shavings employed as bedding 
at room temperature in a 12 hour light/dark cycle. 
They were allowed to accl imat ize for 4 weeks before 
randomization into different groups . They were led 
with rat pellet diet and water ad libitum. Animal 
experiments were per formed in accordance with the 
pr inciple of h u m a n e c a r c a n d u se of l abora tory 
animals [26]. 

Preparation and administration of monosodium 
glutamate 
The A j inomoto b rand of m o n o s o d i u m g lu tamate 
(MSG) was used for the study. The crystals were 
d isso lved in w a t e r and a d m i n i s t e r e d o ra l ly via 
cannula at a daily dose of 0.8 g/ml. 

Administration of vitamin E (VIT E) 
Vi tamin E 100 m g c a p s u l e s m a n u f a c t u r e d by 
Futurcbiotic LLC, Hauppaugc , N e w York, USA was 
used for the study. T h e content Avas aspirated with 
syringe and needle and a concentrat ion of 500 mg / 
ml was administered to each animal orally. 

Researc h design and animal grouping 
The rats were randomized into 6 groups as shown 
below: 
Group I (N=6): control g roup given food and water 
only; Group 2 (N=6) : T O E (400 mg/kg); Group 3 
(N=6): VIT E (500 mg/kg); G r o u p 4 (N=8) : M S G (4 
g/kg); Group 5 (N=8) : M S G (4 g/kg) + VIT E (500 
mg/kg); Group 6 (N=8) : MSG (4 g/kg) + T O E (400 
m g / k g ) . All a d m i n i s t r a t i o n s w e r e t h r o u g h 
oropharyngeal cannula and lasted 14 days as daily 
single doses . D o s a g e s w e r e b a s e d on publ i shed 
reports: T O E of 400 mg/kg [12]; VIT E of 500 mg/ 
kg [27) and MSG of 4 g/kg |28] . More animals were 
randomized into the three MSG groups so as to take 
carc of possible attrition secondary due to the effect 
of MSG administration. 

Hehavioura! tests 
On experimental day 15, the animals were subjected 
to behavioural tests namely: Open field test (to assess 
behaviour of rats) , forc l imb grip test ( to assess 
Ibrclimb muscic strength) and gcotaxis test (to assess 
vestibular and cerebellar function) according to the 
methods described by Adcbiyi et at. 129]. 

()pen field test 
A wide box approximately 120 cm by 120 cm with 
an open roof was used. The box had lines drawn 
horizontally and vertically forming square grids. 
Each animal was placed in the centre square quadrant 
and then left free to move around. The parameters 
checked for included frequency of grooming, rearing, 
line crosses and strctchcd attend posture with each 
animal allowed a period of 5 minutes. Thereafter, 
box was clcancd with 70% alcohol and dried before 
introduction of the next animal so as to rcducc 
olfactory bias. 
Fore limb grip test: The ends of a 1 metre long metal 
wire was placed on two stools with weights used to 
maintain the ends. The spacc between the stools on 
the floor had a soft cushioning surfacc should the 
animal lose its grip and fall down. The animal was 
gently placed on the metal wire so as to grasp it with 
the f o r c l i m b s s u p p o r t i n g its body we igh t . It 
suspended itself in that position until it cither fell 
down or used its hind limbs to support its weight. 
Duration of suspension for three trials was recorded 
and the mean taken with each rat allowed spending 
2 minutes per trial. 
Gcotaxis test: A wooden slab was inclined at about 45° 
to the vertical surfacc and the animal placcd on the 
slab at its upper end. Its downward movement was 
monitored to record the duration it moves down the 
slope before turning upward to climb up the slope. This 
maximum duration of attempt for each animal was 2 
minutes. The mean of three trials was recorded. 

Tissue extraction, tissue processing, histology and 
morphometry 
Upon comple t ion of the behav ioura l tes ts , the 
an imals were eu thanized same day by cervical 
dislocation and the harvested brains were processed 
for light microscopy using Hacmatoxylin and Eosin 
s t a i n [30 ] . I m a g e s w e r e a c q u i r e d f r o m the 
histological slides by means of a Sony Cybcrshot 
camera mounted on an Olympus microscope. The 
densities of the viable pyramidal neurons of the cornu 
ammonis3 (CA3) and granule neurons of the dentate 
gyrus of the hippocampus were measured using a 
m i c r o s c o p e wi th a g r a t i c u l e m o u n t e d on a 
microscope according to published methods 131 ]. 
Briefly, the micrometer was calibrated with a stage 
micromctcr slide with a customized 2 mm ruler 
engraved on it (Lcitz, Wctzlar, Germany) using the 
eyepiece lens of an Olympus CM (Japan) binocular 
microscope at *40 magnification. The radius of the 
eye piccc at x40 was calibrated with the graticule to 
be 0 .19 mm, and the a rea of the v iew at x 4 0 
magnifications was thus calculatcd to be 0.11 mm2 . 
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The densi t ies of the v i a b l e n e u r o n s o n t h e 
histological slides were determined by coun t ing the 
number of viable neurons observed within a given 
square area in a section while exc luding pyknot ic 
eosinophilic neurons |32 | . 

Statistical analysis 
The numerical results were expressed as m e a n s ± 
standard error of mean. They were ana lyzed using 
one way analysis of v a r i a n c e ( A N O V A ) w i t h 
Microsoft Office Excel 2011 and G r a p h P a d Prism 
software (GraphPad sof tware vers ion 5 . 0 1 , San 
Diego CA, 2010). Di f fe rences w e r e c o n s i d e r e d 
statistically significant at P <0.05. 

v \ 

•//;/ ami MA Thomas 

Resu l t s 
Genera! ohsen at ion 
I-ceding habits in MSG-trcated rats reduccd along 
the course of the study. Rats in the control and TOE 
treated groups were the most active during the period 
of research study. A rat each was infected in both 
M S G + VII ' 1: and MSG + TOE groups and were 
isolated from the groups. The animals given TOE 
only were observed to have more faecal drops in their 
cages than in other groups 

Relative brain weight changes 
T h e re la t ive brain weight changes at the end of 
exper iment were not statistically different across the 
groups as shown in figure 1. 

C o n t r o l 
M l T O E 

V I T E 
II M S G 

M S G + T O E 
M S G +VIT E 

o 
rv 

Treatment groups 

Fig. 1: Brain to body weight ratio of control and treated rats. Values were represented as mean i S.E.M. of 5 rats. The 
alterations were not significantly di f ferent ac ross the groups . M S G = Monosod ium glutamatc. TOE = Teljairia 
occidentalis ethanolic leaf extract, VIT E Vi tamin E. 

Table I: Effect of TOE and VIT E adminis t ra t ion on the behavioural tests of male Wistar rats treated with MSG. 

Group LC RE GR SAP NGT (s) 1LG (s) 

Control 48.80J 13.9 I 2 . 2 0 J 2 . 3 I 1S .20J4 .42 7.20J 1.23 2 .33i 0.32 33.7415.52 
TO I: 35.0012.70* 6 .1710 .81* 39.83J 19.81* 5.33 J 1.22 3 . 6 H 0 . 4 1 14.7212.01* 
VITE 22.67J-3.S0* 6 . 8 3 1 2 . 4 2 * 28.00J 8 .23* 6.83 i 1.52 5.3910.51 52.45119.03* 
MSG 20.25J3.11* 5.501 1.31* 4 8 . 8 8 1 1 5 . 8 1 * 7.63 J 1.13 5.1310.52* 2I.3U3.41* 
MSG + TOE 1X.67J6.02* 3.331 1.4 I 3 1.50 J 23.53// 5 .6712 .13 4.5610.53 16.3313.21// 
MSG + VIT E 17.50J 2.91 * 2.71 10.92// 47 .57J 22.41 5 .00 J 0.91 5 . 5 6 ! 1.13 43.61112.42// 

Values are presented as mean 1- S.E.AI. of mean of 5 rats TOE ' Teljairia occidentalis ethanolic leaf extract. VITE 
- Vitamin L. MSG Monosodium Glutamatc, LC ^ Line crossing, RE Rearing. GR ~ Grooming, SAP Stretch 
Attend Posture. NGT == Negative Gcotaxis. 11 Xi - Forc-Limh Grip Posture *!*<().05 versus Control. o&P<0.05 
versus MSG. 
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771». 2: Representative photomicrographs of dentate gyrus of rats. (A) Control (B) TOE (() ITT E (I)J MSG (E) MSG 
i TOE (E) MSG + \'IT E. TOE = Tclfairia occidcntalis cthanolic leaf extract. VTTE- Vitamin E. MSG = Monosodium 

glutamate. MO = Molecular layer. GL = Granular layer. PL = Polymorphic layer. Black arrowhead = normal granule 
neurons. Blue arrowhead = degenerated granule neurons. I UK; E. X 76$. 

1 Reprcst m.ju >. pi,. nono, i.rj, ,,/,/is of cornu ummonisJ <( %A3) field oj hippocampus of rats (A) Control (B) TOE (C) 
I'll E (D)MSG (E) MSG » TOE (I ) MSG » VTTE. TOE - Tclfairia occidcntalis cthanolic leaf extract. VU'E = Vitamin E. 
MSG Monosodium glutamate. SO Stratum oriens. SP Stratum pyramulalis. SR - Stratum radiation. Black arrow head 

norma! pyramidal neurons. Blue arrowhead degenerated pyramidal neurons. H&E. A 76& 
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Behavioural tests 
Tabic 1 showed that MSG significantly (p<0.()5) 
red need the frequency of LC, RE and the duration 
of FLG, but increased GR and NGT when compared 
with the control group. However, the concomitant 
treatment of MSG with T O E r e d u c e d all the 
parameters when compared with MSG treatment. In 
comparison, MSG+VIT E treatment increased FLG 
s ignif icant ly (p<0. ( )5) w h i l e r e d u c i n g o t h e r 
parameters. 

Histological evaluation of dentate gyrus tissue 
Figure 2, shows that the layers of the dentate gyrus 
of the hippocampus namely: molecular, granular and 
polymorphic were well preserved in all g roups . 
However, while the granule neurons in the control 
showed normal vesicular nuclei, some of the granule 
neurons in the MSG (Figure 2d) and M S G + V I T E 
(Figure 2f) groups showed some da rk neu rons 
scattered among the normal neurons. 

Histological evaluation of corn u amnion is 3 (CA3) 
tissue. 
The photomicrographs of cornu ammonis3 of the 
hippocampus proprius (Figure 3) show a normal 
stratum oriens (SO), s t ra tum pyramidal is (SP) , 
stratum radiatum (SR) with normal microanatomic 
features in the control, TOE and VIT E groups. In 
the MSG group, var ious stages of degenerat ion 
(pyknosis and karyolysis) of pyramidal neurons of 
the SP layer were observed as shown in Figure 3d 
compared with the large vesicular nuclei of the 
control group. 

() Owoeye. .IP Ohtwaghemi and MA Thomas 

by M S G relative to the control. In both MSG l VIT 
H and MSG + TOE co-treatment groups, density of 
v iable neurons were significantly elevated when 
compared with MSG group as shown in table 2. 

Discussion 
T h i s s tudy invest igated the effect of Teljairia 
occidentalis ethanolic extract (TOE) and alpha-
tocophero l (VIT E) on monosodium glutamatc 
( M S G ) alterations of the behavioural and histology 
of rat brain. The organ-to-body weight ratio can be 
used as an index for assessing the state of an organ: 
a significant reduction in the value can be traced to 
organ or tissue necrosis, while a significantly high 
value is a possible indication of tissue inflammation 
133]. In agreement with the reports of Abbas and 
Abd El-Halecm [34], there was no significant brain 
weight increase in the MSG-trcatcd rats. 

According to Hogas et al. [35], the open field 
test is used to evaluate the emotional state and 
locomotor activity of an animal and thus examines 
anx ie ty - re l a t ed behaviour characterized by the 
normal aversion of the animal to an open area. 
Animals express anxiety and fear when removed 
from their acclimatized cage and placed in a new 
environment by showing alteration in behavioural 
parameters. Locomotor activity represents a broad 
class of sensory, motor and integrative processes [36] 
and central nervous system (CNS) depressants inhibit 
locomotor activity of animals, though other agents 
can excite the function of the CNS thus inhibiting 
sedat ion [37]. The significant reduction of line 
crossing and rearing (vertical movement) by MSG 

Table 2: Effect o f T O E and VIT E administrat ion on mean densit ies of viable hippocampal 
neurons in male Wistar rats treated with MSG. 

Groups Density of C A 3 pyramidal 
ncurons(no/0.11 mm 2 ) 

Density of granule neurons 
(no/0.1 1mm2) 

Control 
TOIE 
VIT E 
MSG 
MSG + TO II 
MSG + VIT n 

9.39*0.78 
8.6210.52 
8.93*0.83 
4.9 HI .41 • 
9.0710.56// 
9.0410.86// 

13.8110.75 
12.8310.75 
12.82H.12 
6.03114.41 * 
13.4210.49// 
13.2310.75// 

Values are presented as mean J S.E.M. of5 rats. TOE ~ Teljairia occidentalis ethanolic leaf extract. VITE = Vitamin 
E. MSG = Monosodium Glutamatc. *P<().05 versus Control. o&P<0.05 versus MSG. 

Morphometric evaluation of hippocampal tissue 
The density of viable pyramidal neurons of the C A 3 
and granule neurons of the dentate gyrus of the 
hippocampus were counted and displayed in Tabic 
2. Both neurons were significantly (p<0.05) reduced 

and T O E groups , when compared with control 
suggested a depressant-like activity by MSG which 
might be attributed to its toxicity. This observation 
regarding T O E was in agreement with report of Ajao 
and Akindcle 1121 indicating its sedative activity. The 
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reduction in locomotor activ ities of rats by M S G + 
1 Oh and M S G * VII h treatments groups suggested 
that these t reatments were unable to amel iorate the 
elleel ol M S G on these parameters . T h e exhibition 
of a depressant- l ike activity by these agents on the 
CNS is in agreement with the report of Adcbiyi c( 
a/. [29] . H o w e v e r , M S G + V I T E e l eva ted the 
fore l imb g r i p s t r e n g t h of the r a t s s u g g e s t i n g 
i n c r e a s e d m u s c u l a r s t r e n g t h . T h e i n c r e a s e d 
frequency of g rooming by MSG, M S G + T O E and 
MSG + V I T E t r ea tmen t sugges ted a b s e n c e of 
anxiety in the an imals in agreement with the report 
ol Umukoro ct ctl. [38] who reported the abscncc of 
anxiety fol lowing M S G administrat ion. 

The durat ion a rat w a s able to hold on to the 
hanging wire is considered to be an indirect measure 
of grip, muscle s t rength and co-ordination which was 
significantly ( p < 0 . 0 5 ) increased in the VIT E group 
but rcduccd in the M S G group. This may suggest 
increased gr ip s t rength in the VIT E group, however, 
the reduct ion in the M S G g r o u p could be due to 
alteration in motor coord ina t ion and inuscic tone 
[29]. Prolongat ion of t ime spent in negative gcotaxis 
sugges ted t he p o s s i b i l i t y o f r e d u c e d v e s t i b u l a r 
sensitivity integrity and motor coordinat ion in M S G -
trcatcd rats s incc abil i ty to quickly turn uphill a long 
the plane is dependent on an undisturbed vestibular 
system for body ba lance [39]. 

T h e histology of the h ippocampus of the M S G 
group demonstra ted neuronal alteration as evidenced 
by the prcscncc of degenerat ing pyramidal neurons 
in the c o r n u a m m o n i s 3 ( C A 3 ) s u b f i e l d of the 
h i p p o c a m p u s a n d t h o s e o f g r a n u l e cc l l s of the 
granule layer of the dentate gyrus of hippocampal 
formation. This is in compar ison to the histology of 
the C A3 and dentate gyrus (DG) of the control g roup 
which showed dis t inct large soma with ves icular 
nuclei and vis ib le nucleoli in the py ramida l and 
granule neurons. In addition, the number of layers 
of the CA3 neurons was observed to have rcduccd 
(Figure 2). The h ippocampus has been associated 
with roles in e m o t i o n s , b e h a v i o u r and m e m o r y 
(episodic, semantic and spatial) and damage to the 
h ippocampus b i la te ra l ly wou ld a f fec t emot iona l 
behaviour (especia l ly those re la ted to pa in) and 
inability to form new long-term memories (24, 22]. 
I lie conscqucncc of degenera t ion or d a m a g e to 
granule cclls by M S G as shown histologically would 
be an al terat ion of the qua l i ty o f the exc i t a to ry 
projections of the cntorhinal cortex (EC) layer II cclls 
with the apical dendrites of DG granule cells f rom 
which Mossy fibres project to synapse with C A 3 
neurons [23). 

F u r t h e r m o r e , a s p a r t o f t he t r i s y n a p t i c 
p a t h w a y , i m p u l s e s p r o j e c t f r o m C A 3 via i ts 
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glutamatergic SchalTcr collaterals onto ipsilateral 
CA I pyramidal neurons thereby complet ing the 
hippocampal trisynaptic circuit 124, 25]. Damage by 
MSG to the pyramidal neurons as in this experiment 
could have a fleeted the projections emanating from 
CA1 to the subiculum and cntorhinal cortex layers 
IV and V neurons, which in turn projeel to superficial 
layers or high-order association cortices. To sum up, 
there might be reduction or alteration in the proper 
functions of these h ippocampal parts which was 
par t ly demons t ra ted in this s tudy by increased 
grooming and behavioural (rcduccd locomotion and 
rearing) alterations. Furthermore, acquisition and 
recall of episodic and spatial memories might be 
a f f cc t cd in these a n i m a l s [22] . T h e h is to logic 
demonstrat ion of protection of both granule and 
pyramidal neurons by T O E and VIT E when co-
trcatcd with M S G however, suggested that normal 
hippocampal function in the rats of those groups 
might be restored thus supporting the hypothesis that 
TOE and VIT E can ameliorate the damaging effect 
of MSG on hippocampal neurons in this present 
study. 

The toxicity attributed to MSG was (among 
other factors) generated via oxidative stress [8, 6], 
a n d it has been s h o w n tha t s u b s t a n c e s w i t h 
antioxidant capabilities can neutralize or rcducc the 
ox ida t ive d a m a g e of M S G [10 , 11]. A l though 
biochemical tests were not conducted in this present 
study, TOE and VIT E have been reported to possess 
ant ioxidant activit ies and ab le to scavcnge f ree 
radicals , quench singlet and triplet oxygen and 
decomposing peroxides [15, 16, 27]. Wc therefore, 
reasonably a s s u m e that in par t , the ant ioxidant 
ac t iv i t ies of both T O E and V I T E might have 
participated in mitigating the MSG-induccd damage 
observed in the hippocampus of rats thus mitigating 
the neural clTccts wc observed and hence rcducc or 
prevent all the potential associated consequences of 
the lesions on the microanatomy and function of the 
hippocampus of the brain. 

Conclusion 
Taken together, MSG clicitcd behavioural changes 
and histological a l terat ions in the neurons of the 
d e n t a t e g y r u s a n d c o r n u a m m o n i s 3 of t he 
h ippocampus of rats evidenced by al terat ion of the 
m i c r o a n a t o m y of their g r a n u l e and p y r a m i d a l 
neurons respectively. Concur ren t admin is t ra t ion 
o f M S G with T O E a n d V I T E d e m o n s t r a t e d 
a m e l i o r a t i o n of the b e h a v i o u r a l c h a n g e s a n d 
h i s t o l o g i c a l a l t e r a t i o n s o f t h e h i p p o c a m p a l 
neurons . 
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