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Abstract :  Glutamate is  ubiquitous in nature and is  present in all  l iving
organisms. It is the principal excitatory neurotransmitter in central nervous
system. Glutamate is being used as food additive for enhancing flavour for
over last 1200 years imparting a unique taste known as “umami” in Japanese.
It is being marketed for about last 100 years. The taste of umami is now
recognized as the fifth basic taste. Many of the foods used in cooking for
enhancing flavour contain high amount of glutamate.  Breast  milk has the
highest concentration of glutamate amongst all  amino acids.  Glutamate in
high doses as gavage or parenteral injection have been reported to produce
neurodegenera t ion  in  in fan t  roden t s .  The  neurodegenera t ion  was  no t
produced when gluamate was given with food. The Joint FAO/WHO Expert
Committee on Food Additives, based on enumerable scientific evidence, has
declared that,  “glutamate as an additive in food” is not an health hazard
to  human being.

Glutamate is used as signaling molecule not only in neuronal but also
in non-neuronal tissues. Excessive accumulation of glutamate in the synaptic
cleft has been associated with excitotoxicty and glutamate is implicated in
number  o f  neuro log ica l  d i so rde r s .  Excess ive  accumula t ion  cou ld  be
a t t r ibu ted  to  inc rease  re l ease ,  f a i lu re  o f  t r anspor t  sys tem fo r  up take
mechanism, neuronal injury due to hypoxia-ischemia, trauma and associated
metabolic  fai lures .  The role  blood brain barr ier ,  vesicular  glutamate and
sod ium dependen t  exc i t a to ry  amino  ac id  t r anspor te r s  in  g lu tamate
homeostas is  are  emphasized in  the  review.
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INTRODUCTION

Glutamate  con t inues  to  exc i te  us .  One
wi l l  ha rd ly  f ind  i t s  name as  a  c lass ica l
neurotransmitter in a textbook of Physiology
30 years before. It is merely one decade that
we recognize the taste of  glutamate as one

of the basic tastes termed as “umami”. The
recogni t ion  of  g lu tamate  as  an  exc i ta to ry
neuro t ransmi t te r  in  mammal ian  nervous
sys tem as  wel l  as  umami  as  the  f i f th
bas ic  t as te  has  an  in te res t ing  h i s to r ica l
background .  His to r ica l ly ,  g lu tamate  was
f i r s t  i so la ted  as  g lu tamic  ac id  f rom ac id



Ind ian  J  Phys io l  Pharmaco l  2007 ;  51(3 ) Understanding Safety of Glutamate in Food & Brain 217

hydrolysate of wheat gluten, by the German
sc ien t i s t  R i t thausen  in  1866  and  thus
named it  as “glutamic acid”.

The history of glutamate in food is older
than  the  h i s to ry  of  sc ience  of  nu t r i t ion .
Practice of adding large seaweed (Laminaria
japonica) to soup stocks has been in use in
Japan  for  l as t  12  cen tur ies .  Th is  seaweed
markedly  increases  the  t as te  o f  the  soup .
But what was unknown that it contained high
amount of glutamate.  I t  was not until  1908
tha t  the  l ink  be tween  the  seaweed  and
glu tamate  was  d i scovered .  The  brown
crys ta ls  le f t  behind  af te r  evapora t ion  of  a
la rge  amount  o f  kombu bro th ,  was
scientifically identified as glutamate by Prof
Ikeda  of  Tokyo Univers i ty  (1) .  He te rmed
this unique flavour as “umami” (2).

Glu tamate  was  f i r s t  p roposed  as  a
synapt ic  t ransmi t te r  by  Hayash i  in  1954
based on its convulsive properties (3). In 1960
Cur t i s  and  co l leagues  showed tha t  L-
g lu tamate  depola r ized  and  exc i ted  cen t ra l
neurons (4). Glutamate was not accepted   as
a  neuro t ransmi t te r  fo r  qu i te  somet ime
because  of  the  t echnica l  l imi ta t ions  o f
exper iments  a t  tha t  t ime .  “Glu tamate  as  a
CNS neurotransmitter” was accepted in 1979
despite lack of evidence about the locations
of the specific synapses,  where glutamate is
re leased  (5) .  Around  1970s  two repor t s
appeared  on  the  ro le  o f  g lu tamate  on
exc i to tox ic i ty  tha t  gave  new d i rec t ions  to
glutamate research (6,  7) .

There is  no doubt  today that  glutamate
is  the  pr incipal  exci ta tory neurotransmit ter
in  the  centra l  nervous system (CNS).  I t  i s
now recognized as the fifth basic taste along

wi th  i t s  recep tors .  (8–14) .  Paradoxica l ly
glutamate has exci totoxic propert ies ,  which
has  been  assoc ia ted  wi th  the  pa thogenes i s
of number neurological disorders (15, 16). It
is also widely used as a food additive through
out  the  wor ld .  Keeping  th i s  in  mind  the
presen t  rev iew focuses  on  the  sa fe ty  o f
glutamate in food and brain.  The f irst  part
o f  the  rev iew dea l s  wi th :  unders tand ing
safety of glutamate in food and the second
par t  dea l s  wi th  unders tand ing  sa fe ty  o f
g lu tamate  in  the  bra in .

UNDERSTANDING SAFTEY OF GLUTAMTE IN
F O O D

Understanding the safety of glutamate in
food  needs  knowledge  of  i t s  na tura l
occur rence ,  o ra l  in take ,  absorp t ion  and
metabol i sm,  t as te  percep t ion  and  sa fe ty
evaluation as a food additive.

Glutamate  in  natura l  food

Glutamate  is  one of  the  most  abundant
amino acids in nature. Since glutamate is a
building block of protein and free glutamate
ex is t s  in  o rgans  and  t i s sues ,  i t  i s  found
na tura l ly  in  v i r tua l ly  a l l  foods  such  as
mi lk ,  vege tab les ,  sea food ,  poul t ry ,  mea ts ,
traditional seasonings like fish sauce and soy
sauce, and many other foods (17, 18). While
protein bound glutamate dose not  have any
taste, free glutamate plays an important role
in food as a tastant. Glutamate was isolated
as the taste essence of tradit ional  Japanese
soup  s tock  prepared  f rom dr ied  ke lp  of
Laminaria japonica (1). Subsequently in 1909,
monosodium glutamate  (MSG),  sodium sal t
o f  g lu tamate ,  was  f i r s t  marke ted  in  Japan
as a seasoning agent. In fact, glutamate has
long been used around the world to enhance
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chimpanzees,  and the milk of other species
has  much lower  f ree  glutamate  levels .  The
reason for  th is  d i f ference remains  unclear ,
bu t  the  amount  of  g lu tamate  i s  enough to
g ive  a  t as te ,  so  tha t  human in fan ts  may
experience ‘umami’ as one of the first tastes
af te r  b i r th .  Recent ly ,  S ingh e t  a l  repor ted
tha t  g lu tamate  i s  the  dominant  f ree  amino
acid in the milk of Indian mothers (22). Many
typical  Indian foods also contain glutamate
as shown in Tables I and II (our unpublished
data).  Food samples purchased from a local
marke t ,  were  ana lysed  for  amino  ac id
conten t  accord ing  to  methods  descr ibed
earlier (22). Among these foods, cauliflower,
tomato ,  gourd ,  mos t  o f  the  Ind ian  breads
(Nan ,  chapa t t i ,  and  paran tha)  and  basmat i
r i ce  con ta ined  re la t ive ly  h igh  amount  o f
g lu tamate .  These  g lu tamate  l eve l s  a re
comparable or higher than that of published
da ta .  In te res t ing ly ,  g lu tamate  con ten t  o f
basmati rice was found far higher than that
of ordinary rice,  which suggests correlation
be tween  g lu tamate  con ten t  and  i t s
del ic iousness .

the palatability of foods before the discovery
of its taste. Foods rich in free glutamate, such
as tomatoes, cheese and mushrooms have been
used in cooking for their flavour favoring
qualities. Glutamate also has been a component
of  t rad i t iona l  seasonings  such  as  f i sh  and
soy sauces .  More  than  1200 years  ago ,  in
ancient Rome, fish sauce called “Garum” was
used. Fish and soy sauces have been used in
South  Eas te rn  As ian  count r ies ,  China  and
Japan for  more  than  severa l  centur ies .

Mother’s milk the first  food for babies,
and is the only food when they are just born.
It  has to give them the entire nutrient they
need.  I t  was reported that  glutamate is  the
most abundant amino acid in mother’s milk
in  a l l  the  species  analyzed (19) .  The tota l
glutamate content  ( f ree  and protein bound)
in human milk is 161.5 mg/dl to 230.0 mg/
d l  (20 ,  21) .  However ,  human breas t  mi lk
conta ins  ra ther  h igh  amount  o f  f ree
glutamate;  ten t imes as high as cow’s milk
(21) .  In te res t ing ly ,  th i s  h igh  leve l  of  f ree
g lu tamate  i s  found  on ly  in  the  mi lk  of
humans  and  h igher  p r imates  such  as

TABLE I : Free  Amino  Ac id  con ten t  (mg/100  g )  in  va r ious  vege tab les  in  Ind ia .

A . A C a u l i f l o w e r Cabbage C a r r o t Ladies f inger D r u m s t i c k T o m a t o Bitter gourd G o u r d

A s p 10 .82 0 . 2 4 7 . 0 8 3 . 8 5 11 .85 18 .29 3 . 2 9 82 .31
G l u 781 .91 24 .28 258 .19 99 .75 42 .73 487 .38 104 .40 896 .82
S e r 0 . 9 6 0 . 0 0 0 . 0 0 1 . 7 5 1 . 6 5 2 . 7 9 1 . 6 5 69 .29
H i s 704 .60 734 .67 0 . 0 0 654 .45 0 . 0 0 25 .78 6 2 0 . 1 8 1 8 0 3 . 4 2
G l n 7 . 3 2 0 . 5 9 99 .56 31 .06 13 .81 21 .76 29 .41 12 .03
G l y 55 .63 0 . 5 6 62 .57 4 . 5 0 82 .14 38 .56 4 . 2 6 0 . 6 9
T h r 0 . 8 9 0 . 2 6 4 . 1 8 0 . 0 2 0 . 0 0 0 . 0 0 3 . 3 2 91 .00
A r g 0 . 0 5 0 . 0 0 32 .58 5 . 3 2 105 .63 0 . 0 0 4 . 8 8 112 .40
Ala 0 . 0 0 28 .62 1 . 6 0 0 . 0 0 0 . 7 6 1 . 3 9 0 . 0 0 4 . 0 6
T y r 0 . 3 6 0 . 0 0 0 . 0 0 0 . 5 7 15 .22 7 . 8 5 0 . 5 4 0 . 9 3
Val 4 . 3 0 0 . 0 0 78 .66 11 .39 230 .83 1 . 8 4 5 . 2 2 8 . 2 0
M e t 36 .01 0 . 0 0 1 . 4 5 9 . 2 8 1 . 9 4 2 . 5 7 7 . 6 9 27 .15
P h e 0 . 0 0 0 . 0 0 0 . 0 0 5 . 5 8 0 . 0 0 11 .38 7 . 3 0 43 .72
I l e 7 . 4 4 0 . 0 0 3 . 5 3 0 . 9 7 0 . 0 0 1 . 5 4 2 . 3 0 0 . 5 0
L e u 2 . 3 2 0 . 0 0 4 . 2 4 30 .03 37 .95 2 . 3 6 1 . 1 2 7 . 0 7

AA: Amino Acids.
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Glutamate  percept ion

Free  g lu tamate  impar t s  umami  tas te
in  foods  and  umami  i s  o f ten  descr ibed  as
‘mea ty’ ,  ‘b ro th  l ike ’  o r  ‘ savory’  (23 ,  24)
Typica l  umami  tas te  compound i s  MSG.
Inos ine  5-monophospha te  ( IMP)  and
guanosine 5-monophosphate (GMP) also elicit
umami  tas te ,  which  were  found  f rom
dr ied  boni to  (a l so  mate r ia l  fo r  t rad i t iona l
Japanese soup stock) and shiitake mushroom
respectively. The umami taste is significantly
enhanced  when  MSG is  p resen ted  in
combination with IMP or GMP exerting the
synerg ic  e f fec t  o f  umami .  The  resu l t s  o f
severa l  s tud ies  ind ica ted  tha t  the  umami
taste could not be reproduced by mixing the
o ther  bas ic  t as tes  and  i s  a  un ique  tas te
qual i ty  (25 ,  26) .  Now,  the  umami  tas te  i s
recognized  as  one  of  the  bas ic  t as tes
scientifically (8).

Recently  receptors for  umami have been
found .  These  a re  membrane-bound  G-
prote ins  coupled receptors  (GPCR) as  wel l
as sweet and bitter taste receptors. In 2000,

Chaudhari et al reported for the first time a
candida te  umami  recep tor  might  be
s t ruc tura l ly  re la ted  to  metabot rop ic
g lu tamate  recep tors  4  (mGluR4)  (9) .  The
structure of taste-mGluR4 expressed in taste
buds  was  an  N- terminal  t runcated  form of
the  bra in  type  mGluR4.  This  receptor  was
expressed in Chinese hamster  ovary (CHO)
cells and responded to MSG in an appropriate
concentration range for umami taste. On the
other hand, in 2002, Nelson et  al .  reported
that T1R3 responds to MSG and a wide range
of  amino acids  in  combinat ion wi th  T1R1,
whi le  i t  r esponds  to  swee t  subs tances  in
combination with T1R2 in mice (10)  Li et
a l  a l so  repor ted  tha t  the  T1R1/T1R3
hete rod imer  were  expressed  in  t as te  ce l l s
and respond to MSG (11). Human T1R1/T1R3
heterodimer receptors expressed in HEK293
ce l l s  responded  to  MSG and  responses  to
MSG were  enhanced  by  adding  low
concentrat ions of IMP. This result  suggests
tha t  the  he te rod imer  recep tors  a re
responsible for the synergic effect of umami.
Subsequently,  in 2003, Zhao et al.  reported
tha t  mutan t  mice  lack ing  T1R1/T1R3

TABLE II : Free  Amino  Ac id  con ten t  (mg/100  g )  in  va r ious  vege tab les  and  foods  in  Ind ia .

A . A Green Coriander C u r d Moong N a n Chapat t i Parantha Basma t i Ord inary
C h i l l y leave d a l rice rice

Asp 6.16 58.03 65.88 223.54 0.18 0.19 0.15 0.23 7.79
G l u 302.92 136.55 189.23 330.67 511.16 515.54 423.11 359.53 10.10
S e r 0.60 0.00 0.48 91.09 35.86 1.41 29.66 0.00 3.68
His 0.00 24.26 0.00 246.40 14.09 6.83 11.65 0.00 36.00
G l n 237.91 369.98 30.29 5.15 132.81 165.43 140.81 4.50 5.49
Gly 155.51 143.10 69.59 3.70 35.64 24.63 44.65 0.16 2.79
T h r 19.37 27.11 1.28 96.34 0.21 16.13 0.15 5.54 5.56
Arg 41.74 68.46 112.52 4.99 63.19 59.05 70.19 4.24 3.09
Ala 38.16 80.12 61.84 20.52 32.38 3.89 26.40 7.82 0.58
Tyr 23.52 162.55 71.21 21.41 56.38 20.50 59.57 4.42 1.24
Val 17.31 6.99 108.79 776.14 83.79 181.38 129.99 22.34 29.80
M e t 58.61 240.30 0.00 1.37 0.94 39.09 0.73 2.34 0.39
P h e 56.61 0.00 10.53 114.67 35.76 2.06 48.07 7.25 5.41
Ile 47.82 0.00 132.50 236.98 33.86 7.14 29.72 3.98 1.90
L e u 15.48 77.17 0.74 6.36 0.13 8.49 0.04 0.13 0.34

AA: Amino Acids.
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heterodimer receptor showed a total absence
of  behaviora l  or  neura l  responses  to  MSG
(12) .  However ,  Damak e t  a l .  repor ted  tha t
nerve and behavioral responses to glutamate
in T1R3-knockout mice were reduced but still
appreciable (13) Maruyama et al. also showed
tha t  a l though  umami  responses  were
d imin ished  in  T1R3-knockout  mice ,  many
cel ls  responded to  umami- tas te  s t imula t ion
(14). In 2006, san-Gabriel et al. also reported
tha t  a  var ian t  o f  b ra in-mGluR1 wi th  a
shor t  N- te rmina l  ex t race l lu la r  domain
was  expressed  in  c i rcumval la te  t as te  ce l l s
(27).

Cur ren t ly ,  a t  l eas t  th ree  candida te
umami receptors,  taste-mGluR4, T1R1/T1R3
and taste-mGluR1 have been found and are
l ike ly  involved in  umami tas te  percept ion .
Al though  t ransduc t ion  mechanisms  for
umami taste have not been clarified yet, the
recent investigation with knockout mice has
demonstrated that a taste-specific G protein,
Ga gustducin, phospholipase C (PLC)-b2 and
a  t rans ien t  recep tor  po ten t ia l  channe l ,
TRPM5, are  essent ial  molecules  for  umami
taste as well as sweet and bitter tastes (28,
29) .  These  f indings  s t rongly  suppor ted  the
idea  tha t  umami  i s  a  bas ic  t as te .  Very
recen t ly ,  San-Gabr ie l  e t  a l .  r epor ted  tha t
mGluR1 exists  in glandular  stomach and is
l ike ly  invo lved  in  the  gas t r i c  phase
regulation of protein digestion (30). Several
physio logica l  s tudies  on  g lu tamate  sugges t
tha t  umami  tas te  t r iggers  a  var ie ty  o f
phys io log ica l  responses ,  such  as  sec re t ion
of  sa l iva  and  pancrea t ic  enzymes ,  and
changes  of  metabol ic  parameters ,  to
prepare the body to receive and metabolize
pro te ins  (31) .  Umami  tas te  and  g lu tamate
could be the signal of protein intake for the
body.

Oral  in take ,  absorpt ion  and  metabol i sm of
g l u t a m a t e

Glutamate is a component of organs and
tissues as a building block of protein. A 60
kg adult  body contains 1.4 kg of glutamate
on  average  (32) .  I t  has  a  key  ro le  in  the
metabol i sm of  major  nu t r ien t s  and  i s
impor tan t  fo r  the  recons t ruc t ion  of  body
protein and the metabol ism of  energy.  The
die ta ry  g lu tamate  i s  absorbed  f rom the
intestinal tract, and more than a half of it is
u t i l i zed  as  major  energy  source  fo r  the
in tes t ines ,  and  o thers  a re  conver ted  to
different amino acids such as alanine, proline
and arginine in the intestinal wall (33). These
amino acids are delivered f irst  to the l iver
to maintain amino acid balance in the blood
and then to  the var ious organs and t issues
of  the  body  where  i t  se rves  in  the
reconstruct ion of  body prote in  and energy.
Dietary glutamate is  also specific precursor
for the biosynthesis  of  glutathione.  In case
of  prote in  bound glutamate ,  i t  i s  degraded
in  the  gas t ro in tes t ina l  t r ac t  in to  smal l
pep t ides  o r  f ree  g lu tamate ,  and  they  a re
absorbed  f rom the  in tes t ina l  t rac t  in  a
s imilar  way to  f ree  glutamate .

Glu tamate  i s  the  mos t  abundant  amino
acid in  mother’s  milk.  The dai ly  intake of
free glutamate in a breast fed infant is about
36 .0  mg/kg  body  weigh t  whi le  the  da i ly
in take  of  p ro te in  bound  g lu tamate  i s
approximately 357.0 mg/kg body weight (34).
Human infants  inges t  more  g lu tamate  than
human adul t s  on  a  body  weight  bas i s  and
they  have  the  c lea r  ab i l i ty  to  metabol ize
large amounts of  glutamate (35).

Typica l  p ro te in  in take  in  Wes te rn
countries by a 70 kg man is about 100 g per
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day  and  approximate ly  20% of  p ro te in  i s
g lu tamate .  Roughly  es t imated ,  the  average
dai ly  in take of  prote in  bound glutamate  is
about 15 g and free glutamate is about 1 g.
In  cont ras t ,  average  da i ly  in take  of  added
MSG ranges  be tween  0 .5 – 3 .0  g  a  day ,
depending  upon  loca l  d ie ta ry  cus toms  and
cuisine. The intake of glutamate from added
MSG is much less than that consumed from
foods.

Blood  bra in  barr ier  for  g lutamate

Glutamate  i s  the  mos t  abundant  amino
acid in the brain.  I t  is  synthesized at  rates
in proportion to the metabolic demand (36).
P lasma g lu tamate  concent ra t ions  may
f luc tua te  dur ing  the  day  due  to  d ie ta ry
in take ,  metabol i sm and  pro te in  tu rn  over .
The  assumpt ions  a re  tha t  i f  these  changes
are  t rans fe r red  d i rec t ly  to  the  b ra in
in te r s t i t i a l  space ,  the re  can  be  d i s rup t ing
effect on the brain level. Interestingly   brain
levels  a re  much higher  than  p lasma levels
(37) .  The  presence  of  b lood  bra in  bar r ie r
(BBB)  prevents  exogenous  g lu tamate  f rom
enter ing the  bra in  to  a  large  extent .

Main tenance  of  low concent ra t ion  of
glutamate in the extracellular fluid (1-3 µmol
/L)  (whereas  the  in t race l lu lar  g lu tamate  i s
4000–12000  t imes  more ,  ~12000  µmol /g) ,
energy dependent transport is required (38).
To  da te  5  i soforms  of  Na + dependent
exci ta tory  amino ac id  t ranspor ters  (EAAT)
have been described., which exists in various
neurona l  ce l l s  o f  the  b ra in  (39) .  Three
members  of  the  EAAT fami ly  have  been
shown to be expressed (EAAT 1, 2, and 3) in
the abluminal membrane of the  blood brain
barrier  (40).

The  g lu tamate  concent ra t ion  ins ide  the
endothe l ia l  ce l l s  inc rease  by  two main
mechanisms:  g lu tamate  t ranspor t  in to  the
ce l l s  f rom the  ECF and  convers ion  of
g lu tamine  to  g lu tamate  by  g lu taminase .
When  in t race l lu la r  g lu tamate  l eve l  r i ses
above the plasma concentration net transport
of  g lu tamate  in to  the  b lood  occurs  ac ross
the luminal  surface through the faci l i ta t ive
car r ie r  (41) .  The  absence  of  fac i l i t a t ive
car r ie r s  on  the  ab lumina l  membrane
prevents passive movement of glutamate into
the  bra in  ECF.  The  presence  of  EAAT on
the  ab lumina l  membrane  prov ides  a
mechanism to  increase  in t race l lu la r
g lu tamate  concen t ra t ion  and  there fore  the
removal  of  g lu tamate  f rom the  endothe l ia l
ce l l s .  Therefore  the  blood  bra in  bar r ie r
mechanism provides  pro tec t ion  aga ins t  the
development of  neurotoxici ty by preventing
the  accumulat ion  of  g lu tamate .

Safe ty  eva luat ion  o f  g lutamate  as  food
i n g r e d i e n t

MSG, sodium salt of glutamate, is widely
used as a flavor enhancer all over the world
and  a l so  one  of  the  mos t  s tud ied  food
ingred ien t ,  in  h i s to ry .  Af te r  marke ted  in
Japan in 1909, MSG had been used as a food
ingred ien t  in  many  count r ies  fo r  ha l f
century, into the late 1960’s. Although there
was not much safety data, MSG was generally
regarded as a safe substance, similar to GRAS
(Generally Recognized As Safe) status in the
United States (42), in part because glutamate
i s  one  of  the  mos t  abundant  amino  ac ids
found  in  na ture  and  a  component  o f  a l l
prote in .  I t  was  a lso  thought  that  in take of
glutamate  f rom added MSG was much less
than that normally ingested from foods. The
range oral  in take var ies  f rom 0.4  g/person
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in Italy to 3 g/person in Taiwan (43). Despite
the safe use of glutamate in food in human,
there  a re  some apprehens ion  because  of
exc i to tox ic  p roper ty  o f  g lu tamate ,  the
important l i terature related to the issue has
been  addressed  here .

Lucas  and Newhouse f i rs t  observed the
toxic effect of glutamate as degeneration in
the  inner  l ayers  o f  re t ina  in  1957  when
feeding the  newborn mice  wi th  MSG (44) .
La te r  in  1969  Olney  repor ted  tha t  the
injection or force feeding of very large doses
(0.4–0.5 g/kg bw of MSG) to new born mice
(2–9  or  10–12  days  o ld)  p roduced  bra in
damage  par t icu la r ly  in  the  a rcua te  nuc leus
(AN) of the hypothalamus (6,  7).  The term
excitotoxiocity was coined by him. He also
assessed  tha t  the  neurona l  dea th  was
restricted to postsynaptic neuron and glutamate
agonis t s  were  as  neuro tox ic  as  the i r
e f f ic iency  to  ac t iva te  g lu tamate  recep tors .
This  p roper ty  o f  g lu tamic  ac id  has  been
widely used a tool to produce brain lesion in
v i t ro  and  v ivo .  In  v i t ro  i t  i s  no t  on ly
glutamate but also NMDA agonists (quinolinic
ac id  o r  ibo ten ic  ac id  and  AMPA/ka in i te
agonists (kainic, quisqualic and domoic acids)
induce neuronal  degenerat ion (45) .

The  e f fec t  o f  b ra in  l es ion  a f te r  MSG
administration had been studied by Takasaki
et al quantitatively (46, 47). In weaning mice
(7  day  o ld)  the  min imum ora l  dose  was
0.7 g/kg, BW MSG in 10% aqueous solution
whereas in the adult the dose was 1.2 g//kg,
BW. Basal diet containing 5, 10 or 15% when
fed to pregnant, lactating and weaning mice
ad libitum, did not result in any degeneration
in the AN in al l  t reated mice.  When MSG
was given subcutaneously with either 4.0 or
5 .0  g /kg  BW,  i t  p roduced  les ion  in  the

hypotha lamus . .  These  s tud ies  ind ica te  tha t
p lacen ta  i s  v i r tua l ly  impermeable  to
glutamate (48) .  These s tudies  a lso indicate
that in order to produce neurotoxic effect in
infant  mice MSG has to  given not  only in
re la t ively  high concentra t ion but  a lso  as  a
bo lus  so lu t ion .  I t  i s  a l so  emphas ized  tha t
when  MSG is  g iven  to  an imal  as  a
component  of  food even a t  inges ted  doses
exceed ing  tha t  p roduce  neurodegenera t ion
when given as a single dose by gavage, no
neurotoxicty was reported (49, 50).

The  fac t  tha t  g lu tamate  a t  h igh  doses
does not induce parallel changes in the brain
leve l  does  no t  necessa r i ly  convey  tha t
discrete areas of the brain are impermeable
to  c i rcu la t ing  g lu tamate .  There  a re  some
areas of the brain that do not have a blood
brain barrier and do allow rapid l-glutamate
uptake  f rom the  c i rcu la t ion .  As  apparen t
f rom bra in  l es ion  i t  i s  sugges ted  tha t
g lu tamate  do  pene t ra te  and  accumula te  in
specific brain regions like the AN. However,
studies show that oral dose of 4.0 g MSG/kg
in adult and 2 g/kg, BW in 4-day mice did
not change glutamate level in the AN (51).
Similar  resul ts  have been reported in adult
and infant guinea pigs after neurotoxic dose
of  MSG (52) .  These  da ta  do  no t  suppor t
vu lnerab i l i ty  o f  the  AN to  MSG induced
degenera t ion  resu l t ing  f rom g lu tamate
accumula t ion .  I t  i s  no tewor thy  tha t  when
MSG was given as a component of food there
was no increase in the extracellular increase
in  hypotha lamus  (53) .  Therefore  the
proposition that selective vulnerability of the
AN to  MSG induced  neuro toxoc i ty  in
sensi t ive species  resul ts  f rom accumulat ion
of  g lu tamate  in  th i s  reg ion  ra i ses  some
doubt.  The effect  might possibly be related
to the lesser capacity of intestinal epithelium



Ind ian  J  Phys io l  Pharmaco l  2007 ;  51(3 ) Understanding Safety of Glutamate in Food & Brain 223

and liver to transaminate glutamate o r  to  a
lesser  express ion of  g lu tamate  t ranspor ters
in  the  hypotha lamus  (54) .  Deve lopmenta l
changes  in  the  express ion  of  subuni t s  o f
NMDA recep tor  may  cont r ibu te  to  the
pa t te rn  o f  vu lnerab i l i ty  to  over load  of
glutamate at the reported developmental age
of the neonatal  rodents (55).

Spec ies  d i f ferences

Mice are the most susceptible,  followed
by rats and guinea pigs to MSG neurotoxicity
(50). In monkeys of different ages (0.02–80
days),  no lesions were observed with doses
ranging from 0.25 to 4 g/kg,  BW and with
different routes of administration, except in
case  of  the  repor t s  o f  Olney  and  Sharpe
(1969) and Olney et al (1972), which report
lesions with doses ranging from 1 to 4 g/kg
given  ora l ly  and  subcutaneous ly  (6 ,  7 ) .
Reynolds  e t  a l  (1979)  descr ibed  poss ib le
causes for this discrepancy, attributing it  to
the  dehydra ted  s ta te  o f  an imals ,  a r t i fac t s
induced  by  exper imenta l  p rocedures  and
interpretat ion of  resul ts  (56) .

Numbness ,  weakness  and palp i ta t ion  as
the main symptoms after eating in a Chinese
res tauran t  was  repor ted  as  a  ‘Le t te r  to
Edi to r ’  in  1968  (57) .  Al l  the  symptoms
descr ibed  in  subsequent  anecdota l  repor t s
were subjective and no physiological changes
in objective parameters were observed. Many
exper iments  us ing  sc ien t i f i ca l ly  r igorous
design l ike  double-bl ind placebo-control led
mul t ip le  cha l lenge  s tudy  has  demons t ra ted
tha t  the  inges t ion  of  MSG in  food  i s  no t
associated with adverse reactions (58).

Research on the safety and usefulness of
MSG has  undergone  r igorous  rev iew by
scientific advisory bodies to FAO/WHO, EU

and var ious  na t iona l  governments  l ike  US
Food and Drug Administration (FDA). At the
3lst  meeting of the Joint FAO/WHO Expert
Commit tee  on  Food  Addi t ives  ( JECFA)
in  1987 ,  the  eva lua t ion  a r r ived  a t  was
“Acceptable Daily Intake (ADI) not specified”
(59). The term “ADI not specified” means that
the total dietary intake of glutamates arising
f rom the i r  use  a t  the  l eve l s  necessary  to
achieve the  desi red technological  ef fect  as
food  addi t ives ,  and  f rom the i r  normal
naturally occurring levels in food, does not
presen t  any  hazard  to  hea l th .  In  1991 ,
Scientif ic  Committee for  Food of  European
Community  (EC/SCF) a lso es tabl ished ADI
for glutamate as “Not specified” (60). MSG
has  been  deemed GRAS (Genera l ly
Recognized as Safe) without any limitations
by  the  USFDA toge ther  wi th  sugar ,  sa l t ,
pepper ,  v inegar ,  and  bak ing  powder  s ince
1958  (42). In 1995, Federation of American
Society for Experimental  Biology (FASEB),
reviewed scientific data sponsored by FDA,
and safety of MSG was reaffirmed  (61). In
1997, Symposium on “Safety and Usefulness
of  Glu tamate  as  a  F lavour  Enhancer :
Current state of the knowledge” was held at
Mysore ,  Ind ia ,  in  which  the  l i t e ra tu re  on
safety of glutamate in food was evaluated by
Indian sc ient is ts  conf i rming that  g lutamate
is safe in adults as well as in infants (62).
The  exper t  pane l  recen t ly  conc luded
“consensus  meet ing :  monosodium
glu tamate - an  upda te”  a t  Univers i ty  o f
Hohenheim, Germany in 2006, has regarded
use of the MSG in food harmless for whole
population (116).

S u m m a r y

There  are  important  species  di f ferences
and  d i f fe rence  wi th  age  and  rou tes  o f
adminis t ra t ion  in  the  g lu tamate  sens i t iv i ty
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o f  CNS.  The  bra in  in  genera l  i s  a  ne t
expor te r  of  g lu tamate  and  the  presence  of
the  b lood  bra in  bar r ie r  p revent  exogenous
g lu tamate  f rom ac t ing  on  the  bra in .
Ingestion of glutamate is not associated with
elevat ion in maternal  milk.  Glutamate does
not  pass readily the placental  barr ier .  I t  is
unlikely that plasma glutamate concentration
ever  r i ses  to  exc i to toxic  leve ls  by  d ie ta ry
inges t ion  of  the  f l avour  enhancers ,  such
as MSG or hydrolyzed vegetable protein. For
the same reason,  ingested glutamate cannot
be an e t io logical  factor  in  neurogenerat ive
diseases  ord inar i ly ,  i . e .  wi thout  some sor t
of  preexis t ing metabol ic  abnormal i t ies  that
render some cells vulnerable to normal levels
of  g lu tamate  o r  o ther  endogenous  agen ts .
The delayed CNS and other effects of glutamate
administration in animals are also irrelevant
to oral ingestion of MSG in human infants.

UNDERSTANDING SAFTEY GLUTAMTE IN
B R A I N

Glutamate  i s  the  pr inc ipa l  exc i ta to ry
neurotransmitter  in the CNS. During recent
advances  in  the  f i e ld  i t  i s  r ea l i zed  tha t
i t  i s  much  more  than  a  convent iona l
neuro t ransmi t te r .  I t  i s  no t  on ly  the
predominant  exc i ta tory  neuro t ransmi t te r  in
the mature neurons but also it can influence
immature  neura l  ce l l  p ro l i fe ra t ion ,
migra t ion ,  d i f fe ren t ia t ion  and  surv iva l
processes  (63,  64) .  Extracel lu lar  g lutamate
level has been shown to be high in embryonic
CNS (63).

Glutamate and its receptors are essential
fo r  the  normal  func t ion ing  of  the  CNS.
However  the i r  excess ive  ac t iva t ion  by
glu tamate  i s  thought  to  con t r ibu te  to
neurona l  damage  in  many  neuro log ica l

d i sorders  rang ing  f rom hypoxic– ischemic
and  t raumat ic  b ra in  in ju r ies  to  chron ic
neurodegenera t ive  d i seases  such  as
Alzhe imer ’s  d i sease ,  Park inson’s  d i sease ,
Huntington’s disease and ALS (65).

Nei ther  the  normal  func t ion ing  of
glutamatergic synapses nor the pathogenesis
of above diseases can be properly understood
unless  we  have  a  c lea r  unders tand ing  of
the  g lu tamaterg ic  t ransmiss ion  and  the
excitotoxic events due to excessive stimulation
of  g lu tamate  recep tors .  Th is  par t  o f  the
rev iew dea l s  wi th  p resynapt ic  re lease  o f
glutamate, i ts post synaptic action, synaptic
te rmina t ion  of  g lu tamate  ac t ion ,  excess ive
re lease  in  bra in  and  las t ly  the  exc i to toxic
e v e n t s .

Glu tamate  in  the  b ra in  i s  exc lus ive ly
produced  f rom α -ke tog lu ta ra te ,  an
intermediate in the tr icarboxylic acid cycle
of  in termediary  metabol ism.

Synapt ic  re lease  o f  g lutamate

Although  g lu tamate  i s  a  ub iqu i tous
amino acid and as it is required by all cells
fo r  p ro te in  syn thes i s  and  in te rmedia ry
metabol i sm,  neurona l  ce l l s  which  re lease
th i s  as  a  neuro t ransmi t te r  have  evo lved
spec ia l ized  mechanism for  i t s  regu la ted
release from the presynaptic terminals.  The
majori ty of  glutamate that  is  released as  a
neurotransmit ter  i s  der ived f rom glutamine
(66). Nearby astrocytes take up the released
glutamate at  the synaptic cleft  by powerful
excitatory amino acids transporters (39).  In
the  as t rocy te  g lu tamate  i s  conver ted  to
glutamine by glutamine synthetase  (67) .  A
system of N transporter on the astrocyte and
a closely related A transporter on the neuron
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media te  the  t rans fe r  o f  g lu tamine  back  to
the neuron (68) .

The processing and transport of glutamate
wi th in  the  neuron  a re  h igh ly  organ ized
Glu tamate ,  l ike  o ther  neurosecre tory
subs tances ,  i s  in i t i a l ly  syn thes ized  by  the
endoplasmic ret iculum and then transported
to  the  Golg i  appara tus  fo r  add i t iona l
processing.  After  emerging from the  Golgi
appara tus  and  wrapped  ins ide  a  ves icu la r
(b i l ip id)  membrane ,  g lu tamate  i s  then
t ranspor ted  down the  axon  v ia  a  complex
sys tem of  micro tubules .  Mi tochondr ia  a l so
accompany  these  t ranspor t  molecu les ,
p rov id ing  the  requ i red  energy .  Upon
reaching the axonal t ip  the vesicle with the
enc losed  g lu tamate  merges  wi th  the
presynaptic membrane by the process called
exocytosis  to  release the glutamate into the
synapt ic  space  be tween  neurons .  The
ves icu la r  membrane  i s  then  recyc led  and
transported back  up the neuronal  axon in a
re t rograde  fash ion  v ia  the  micro tubula r
network.  The synapt ic  g lu tamate  i s  f ina l ly
freed to interact  with specific receptor sites
on the postsynaptic membrane of the adjacent
neuron to  in i t ia te  an  impor tant  cascade  of
molecular  events  wi th in  tha t  neuron .

Quantal size is a fundamental parameter
cont ro l l ing  the  s t reng th  o f  synap t ic
t ransmiss ion .  The  t ransmi t te r  con ten t  o f
synaptic vesicles is one mechanism that can
af fec t  the  phys io log ica l  response  to  the
re lease  of  a  s ingle  ves ic le .  This  important
process  o f  synap t ic  ves ic le  load ing  i s
mediated by a transport  protein collectively
known as  ves icu la r  g lu tamate  t ranspor te r s
(VGLUT)  (69) .  These  newly  d i scovered
t ranspor te r s  p rov ide  a  new v iewpoin t  o f

unders tanding  of  the  g lu tamaterg ic  neuron
system in the brain, which is different from
the  recep tor  mechanism.

Glu tamate rg ic  neurons  a re  ca tegor ized
into subgroups depending on which isoforms
they  conta in .  VGLUT compr ises  th ree
i soforms ,  VGLUT1,  2 ,  and  3 ,  and  i s  a
po ten t ia l  marker  fo r  the  g lu tamaterg ic
phenotype .  The  e f f icacy  of  g lua tamategicc
neuro t ransmiss ion  more  spec i f ica l ly
presynapt ic  regu la t ion  depend  on  these
transporters (70).  Their  t ransport  propert ies
and  d i s t r ibu t ion  in  the  b ra in  have  been
s tud ied  ex tens ive ly .  VGLUTS have  been
shown to  be  present  in  var ious  regions  of
the  b ra in .  I t  has  a l so  been  shown in  ca t
re t ina  and  in te r -medio la te ra l  horn  of  the
ra t  sp ina l  cord .  (71 ,  72) .  The  presence  of
VGLUT and  VGLUT in  noradrenerg ic  and
serotonerigic neurons respectively implicate
glutamate cotransmission with monoaminergic
t ransmiss ion  (73) .  The  two (VGLUT)
presynapt ica l ly  mark  and  d i f fe ren t ia te  two
distinct  excitatory neuronal populations and
thus  def ine  a  cor t i ca l  and  a  subcor t i ca l
glutamatergic system (VGLUT1 and VGLUT2
pos i t ive ,  respec t ive ly) .  These  two sys tems
might  be  d i f ferent ia l ly  impl ica ted  in  bra in
neuropa tho logy .  S t i l l ,  l i t t l e  i s  known on
the  modal i t i es  o f  VGLUT1 and  VGLUT2
regula t ions  in  response  to  pharmacological
or physiological  st imuli .

Recent studies indicated that  VGLUT is
a l so  expressed  in  non-neurona l  ce l l s ,  and
loca l ized  wi th  var ious  o rgane l les  such  as
synapt ic - l ike  microves ic les  in  the  p inea l
g land ,  and  hormone-conta in ing  secre tory
granules  in  endocr ine  ce l l s ,  s tomach ,
intest ine and test is  (74).
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I t  i s  L-g lu tamate  i s  s to red  in  these
organel les ,  secre ted upon var ious  forms of
s t imula t ion ,  and  then  ac t s  as  a  paracr ine-
l ike  modulator .  Thus ,  VGLUTs highl ight  a
novel  framework of glutamatergic signaling
revealing i ts  diverse modes of action.

Because glutamatergic neurotransmission
begins  wi th  ves icu la r  re lease ,  compounds
that block the uptake of glutamate into the
ves ic le  may  reduce  exc i to tox ic  even ts .
Severa l  c lasses  o f  compet i t ive  VGLUT
inhib i tors  have  emerged.

Post  synapt ic  ac t ion  o f  g lutamate

There  a re  two main  types  of  g lu tamate
receptors,  the  ionotropic rceptors that gate
channel  d i rec t ly  and  metabot ropic  rece tors
tha t  ga te  channe l  ind i rec t ly  by  second
messenger  sys tem (75–77) .  The  d i rec t ly
coupled  ionot ropic  receptor  can  be  fur ther
subdivided into three subtypes:  NMDA (N-
methy l -D-aspar ta te ) ,  AMPA (a-amino-3-
hydroxy-5-methyl-4-isoxazolepropionate), and
ka ina te .  These  sub types  a re  named a f te r
the i r  se lec t ive  chemica l  agonis t s ,  which
resemble  g lu tamate  bu t  do  no t  na tura l ly
exis t  in  the  bra in .  The  AMPA and ka ina te
recep tors  a re  some t ime  re fe r red  as  non-
NMDA receptors .

The NMDA receptor-channel  contr ibutes
to the late component of the excitatory post
synapt ic  po ten t ia l  (EPSP) .  I t  has  th ree
excep t iona l  p roper t i es  (76 ,  78–80) .  ( I )  I t
con t ro l s  h igh  conduc tance  ca t ion  channe l
that  is  permeable to Ca2+,  Na+ and K+.  ( II)
The opening of the channel requires glycine
as co agonist .  Normally the glycine present
in  the  ex t race l lu la r  space  i s  su f f ic ien t  to
allow the functioning of the NMDA receptor-

channe l .  ( I I I )  I t  possesses  the  un ique
property of being both voltage and chemical
ga ted .  In  the  NMDA act iva ted  channel ,  in
open  s ta te  i t  i s  b locked  by  ex t race l luar
Mg 2+ l ike  a  p lug .  When the  membrane  i s
depola r ized  by  the  ac t ion  of  non-NMDA
receptors ,  Mg 2+ is  expel led by electrostat ic
repu ls ion  a l lowing  Ca 2+ and  Na + to  en te r .
When g lu tamate  i s  present  and  the  ce l l  i s
depolarized,  maximum current  f low through
the  channe l .  The  NMDA recep tor  has
another property that  i t  is  inhibi ted by the
hallucinogen phencyclidine and MK801 both
of  which  b ind  to  a  s i t e  wi th in  the  open
channel (76).

The  NMDA-receptor  media ted  channe ls
open  and  c lose  s lowly  in  response  to
glutamate  and contr ibute  to  the  la te  phase
of EPSP. When there is a repeated firing by
the presynaptic neurons,  the EPSP summate
depola r iz ing  the  membrane  by  20  mv or
more, the NMDA receptor gives rise o larger
current.  The late current in NMDA receptor
mediated channel is carried by Ca2+ (75–77).

Excess ive  accumula t ion  of  in t race l lu lar
calcium is the key observed process leading
to neuronal death or injury, and the NMDA
recep tors  ac t iva te  channe ls  tha t  a l low the
influx of  extracellular  (Ca2+ and Na+) .  Over
s t imula t ion  of  th i s  type  of  g lu tamate
receptor would then lead to neuronal calcium
overload. Some types of  AMPA and kainate
recep tors  can  con t r ibu te  to  in t race l lu la r
ca lc ium  over load  because  the i r  coupled
membrane ion channels are at  least partially
permeable to calcium (76).

The  s t imula t ion  of  NMDA recep tor  i s
l inked  to  neuro tox ic i ty .  Def in i te  ev idence
came  from demonstration of insensitiveness
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of non neuronal  cell  to glutamate toxicity.
However  t rans fec t ing  them wi th  a  gene
conta in ing  the  NMDA recep tor  t rans form
them into vulnerable for  degenerat ion (81).

Terminat ion  o f  the  ac t ion  o f  g lutamate

Fundamenta l  to  the  p roper ty  o f  a
neurotransmitter,  is i ts t imely removal from
the  synapt ic  c le f t .  I f  the  synapse  has  no
such  machinery  i t  does  no t  qua l i fy  as  a
neuro t ransmi t te r .  In  case  of  ace ty lchol ine ,
i t  i s  degraded  immedia te ly  by  the  enzyme
ace ty lcho l ine  es te rase .  No  such  enzyme
is available for termination of glutamate action.

The  synapt ic  uptake  of  g lu tamate  f rom
ext race l lu la r  space  i s  accompl i shed  by  a
fami ly  o f  t ranspor te r s  p resen t  on  the
neurona l  and  as t rocy te  sur faces .  These
EAATs are located on the plasma membrane
of the neurons and glias (39), These EAATs
rap id ly  t e rmina te  the  ac t ion  of  g lu tamate
and mainta in  ext racel lu lar  concentra t ion a t
low level (39, 82–86).

Five type of high affinity (EAAT1-5) have
been identified (39). The transporters EAAT1
and  EAAT2 in  g l ia l  ce l l s  a re  respons ib le
for  the  major i ty  of  g lu tamate  uptake  (84) .
They  a re  a l l  sod ium dependent  and  the
t ransmembrane  grad ien t  o f  Na + and  K +

provide the driving force for  the transport .
One molecule of glutamate is coupled to the
co  t ranspor t  o f  th ree  Na + and  one  H + and
counter transport  of one K2+ (83).

Excess ive  accumulat ion  o f  g lutamate

The  key  even t  tha t  t r iggers  the  en t i re
exc i to tox ic  cascade  i s  the  excess ive
accumula t ion  of  g lu tamate  in  the  synapt ic

space.  This  can be achieved by ( i )  a l ter ing
the normal cycling of  cerebral  glutamate to
increase  the  re lease  o f  g lu tamate  in to  the
ext race l lu la r  space  ( i i )  decrease  g lu tamate
uptake/transport  from the synaptic space and
( i i i )  by  f rank  sp i l l age  of  g lu tamate  f rom
in jured  neurons .

Augmented  g lu tamate  re lease  due  to
as t rocy te  ac t iva t ion  has  been  observed  in
severa l  neurodegenera t ive  d i sorders  (115) .
As t rocy tes  reac t  to  synap t ica l ly  re leased
glutamate with elevation of intracellular Ca+

resu l t ing  in  the  re lease  of  g lu tamate  f rom
it.  This release of gliotransmitter glutamate
f rom as t rocy te  i s  con t ro l led  by  molecu les
linked to inflammatory reactions such as the
tumour necrosis factor α  and prostaglandins
in  var ious  neurodegenera t ive  d isorders .

The linkage between impaired transporter
func t ion  and  exc i to tox ic  concen t ra t ion  of
g lu tamate  sugges t s  tha t  t ranspor te r
mal func t ion  i s  a  p laus ib le  mechanism of
neurogenera t ive  d i seases .  The  inadequa te
clearance of excitatory amino acids glutamate
may cont r ibu te  to  the  neurodegenera t ion
seen in a  variety of  condit ions,  A role for
g lu tamate  t ranspor te rs  has  been  pos tu la ted
in  acu te  condi t ions  such  as  s t roke ,  CNS
ischemia (88–92), and seizure (93, 94), as well
as  in  chron ic  neurodegenera t ive  d i seases
such as Alzheimer’s disease (95, 96) and ALS
(97–100).

Spillage from neuronal injury is another
mechanism tha t  markedly  e leva tes  the
ex t race l lu la r  g lu tamate  l eve l s  (101 ,  102) .
Normal extracellular glutamate concentration
is  about  0 .6  µmol /L .  Subs tan t ia l  neurona l
exc i to tox ic  in ju ry  occurs  wi th  g lu tamate
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concentrat ions of  2 to 5 µmol/L.  Traumatic
injury to  neurons  can produce exposure  of
the  normal  in t race l lu la r  g lu tamate
concen t ra t ions  o f  about  10  µmol /L  to  the
ext race l lu lar  space .  Mechanica l  in jury  to  a
single neuron, therefore, can risk all  of the
ne ighbor ing  neurons .  Severa l  mechanisms
are  p roposed  for  the  abnormal  re lease  o f
g lu tamate  in  neurona l  in ju ry .  Abnormal
re lease  of  g lu tamate  f rom i t s  s torage  s i tes
in neuronal vesicles is at least one factor. A
feedback loop is  generated as this  released
glu tamate  s t imula tes  add i t iona l  g lu tamate
release.  Ischemia also causes  energy fai lure
tha t  impai r s  the  reup take  by  g lu tamate
t ranspor te r s .  These  t ranspor te r s  behave  as
sympor te rs ,  which  re ly  on  the  sod ium
grad ien t  ac ross  ce l l  membranes  to  move
glutamate against i ts  concentration gradients
into the cell.  The sodium gradient,  however,
is maintained by an energy-dependent pump
that fails  in ischemia. Such failure not only
af fec t s  g lu tamate  t ranspor t  ou t  o f  the
synapt ic  space  bu t  a l so  causes  the
t ranspor te r s  to  run  backward ,  becoming  a
source of extracellular glutamate rather  than
a sink for it .  Ischemia deprives the neurons
of  oxygen  and glucose ,  resul t ing in  energy
failure; however, energy failure  i tself is not
particularly toxic to neurons. Neural toxicity
occurs  wi th  the  resul tant  ac t iva t ion  of  the
cascade  of  g lu tamate  r ecep tor–dependent
mechanisms .  Glu tamate  recep tor  b lockers
are  be ing  used  to  min imize  the  spread  of
neurona l  dea th  beyond  the  immedia te
physically  disrupted neurons in persons with
head or spinal  cord injuries.

Intrace l lu lar  exc i to tox ic  events

The key mediator  of  g lutamate  induced
excitotoxic neuronal  damage is  Ca2+,  which

under  phys io log ica l  condi t ions  govern  a
mul t i tude  of  ce l lu la r  p rocesses  inc lud ing
neuronal growth, differentiation and synaptic
ac t iv i t ies  (104) .  The  accumula t ion  of  h igh
intracellular calcium levels triggers a cascade
of  membrane ,  cy top lasmic ,  and  nuc lear
even ts  l ead ing  to  neuro tox ic i ty  (105) .
E leva t ion  of  the  in t race l lu la r  ca lc ium,
however ,  appears  to  be  a  complex  i s sue ,
because  induc ing  s imi la r  in t race l lu la r
calcium levels by using a metabolic inhibitor
such as cyanide or membrane depolarization
wi th  po tass ium causes  l ess  permanent
neurona l  damage  than  wi th  g lu tamate .

Homeostatic mechanisms for maintaining
a low Ca2+  concentration inside the neuron
keep the Ca2+ mediated signal spatial ly and
tempora l ly  loca l ized .  In  exc i to tox ic i ty
excess ive  re lease  o f  synapt ic  g lu tamate
dis turbs  Ca2+ homeostas is  (106) .  Glutamate
ac t iva tes  pos t synapt ic  NMDA,  AMPA
and ka in i te  recep tors  l ead ing  to  open ing
of  associa ted  ion  channels  a l lowing inf lux
of  Ca 2+ and  Na +.  Though  phys io log ica l
e leva t ion  of  in t race l lu la r  Ca 2+ a re  sa l i en t
fea tures  o f  normal  ce l l  func t ion ing ,
excessive influx along with mobil ization of
int racel lu lar  Ca2+ pool  can overwhelm C2+a
regula tory  mechanism lead ing  ce l l  dea th .
(107).

The g lu tamate- induced e levated  ca lc ium
levels proceed to over activate a number of
enzymes, including protein kinase C, calcium/
cadmodul in -dependent  p ro te in  k inase  I I ,
phosphol ipases ,  p ro teases ,  phospha tases ,
n i t r i c  ox ide  syn thase ,  endonuc leases ,  and
orn i th ine  decarboxylase .  Some of  these
enzymes can also produce positive feedback
loops  to  acce le ra te  the  downward  sp i ra l
toward  neurona l  dea th .  Act iva t ion  of
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phospholipase A, for example, would generate
platelet-activating factor and arachidonic acid
and its metabolites.  Platelet-activating factor
directly contributes to the excitotoxic cascade
by increasing glutamate release. Arachidonic
acid inhibits  reuptake of glutamate from the
synaptic space,  leading to further  act ivation
of glutamate receptors and more arachidonic
ac id  fo rmat ion .  Increased  a rach idonic  ac id
leve ls  fo rm oxygen  f ree  r ad ica l s ,  which
ac t iva te  phosphol ipase  A,  lead ing  to  more
arachidonic  ac id  format ion .  These  enzymes
and the generated feedback loops rapidly lead
to  neurona l  se l f -d iges t ion  by  pro te in
breakdown,  free radical formation, and lipid
peroxidation (104–106).

Another  impor tan t  ac t iva ted  enzyme i s
n i t r i c  ox ide  syn thase ,  which  forms  n i t r i c
oxide (NO). NO performs a variety of normal
b io log ica l  func t ions  bu t  the  excess ive ly
s t imula ted  NMDA  recep tors  wi l l  p roduce
abnormal ly  increased  leve l s  o f  NO and
superoxide ions (108–110). These substances
may reac t  and  form  peroxyni t r i t e ,  which
is  ex t remely  tox ic ,  resu l t ing  in  neurona l
death (111). NO can damage DNA as well as
inh ib i t  mi tochondr ia l  r e sp i ra t ion ,  which  in
turn  would  c rea te  more  f ree  rad ica l s  and
cause  add i t iona l  membrane  depola r iza t ion
(112).  The NO init iated  neurotoxic cascades
are important components of the mechanism
of  ce l l  dea th  in  many  neurodegenera t ive
d i sorders .

The evidence of excitotoxicity in various
neurological disorders is mostly indirect and
c i rcumstan t ia l .  Reasonably  d i rec t  ev idence
is seen in case of ALS (16). Apart from defect
in  EAAT there  i s  recen t  ev idence  of
increased sensi t iv i ty  of  anter ior  horn  cel ls
to  g lu tamate  exc i tox ic ty .  In  mos t  o f  the

diseases implicated, the excessive glutamate
pathology varies from disease to disease. The
normal  in tact  bra in  is  remarkably res is tant
to very high level of glutamate. One of the
impor tan t  fac tors  i s  the  recen t  f ind ing  of
d i f fe ren t  g lu tamate  t ranspor te r s  and  the i r
distr ibution.  These EAAT are dependent on
NA+–K+ pump for maintaining the glutamate
homeostais .  The NMDA receptor  is  voltage
and l igand dependent .  The  main tenance  of
resting membrane potential  requires energy.
Any impai rment  in  mi tochondr ia  func t ion
will predispose to NMDA receptors mediated
excititoxicity. In this way excitotoxicty could
be  a  f ina l  common pa thway to  neurona l
dea th  (113 ,  114) .  In  a  wide  var ie ty  o f
neurological  d isorders  g lutamate  might  not
be  re la ted   to  the  p r imary  cause  of  the
d iseases .

Remarkable  volume of  new informat ion
dur ing  las t  15  years  have  es tab l i shed  the
ro les  fo r  g lu tamate  as :  (a )  an  exc i ta to ry
neurotransmitter  in the CNS, (b )  as  a  basic
tas te  subs tance  (“umami”) ,  (c )  a  key
component of both the nitrogen and energy
economies  o f  severa l  o rgans  in  the  body ,
including the placenta, liver, gastrointestinal
t rac t  and  bra in .  (d )  a  sa fe  food  add i t ive ,
th rough  the  ca re fu l  c la r i f i ca t ion  o f  the
nonphys io log ic  condi t ions  under  which
exogenous  (and  endogenous)  g lu tamate  can
become neurotoxic  in  brain.

There  is  no doubt  today that  glutamate
is  the  pr incipal  exci ta tory  neurotransmit ter
in the CNS. Its role as a signaling molecule
in non-neuronal t issues is  fast  emerging.  I t
is unfortunate that we term it as endogenous
toxin ,  k i l le r  neurot ransmit ter  or  a  tas te  to
ki l l .  Available knowledge presented in this
rev iew does  no t  suppor t  g lu tamate  as  the
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sole culpri t  in the process of  neurotoxici ty
or neurodegenretion. Glutamate is important
and indispensable for the functioning of the

CNS and important in food. The physiological
control mechanisms of our body keep a check
on i ts  excitotoxic propert ies.
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