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The role of ascorbic acid and monosodium glutamate in
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Abstract: The studies on experimental animals have confirmed toxic effect of monosodium glutamate in dif-
ferent organs, mainly manifested by increased oxidative stress and cytotoxicity, strongly correlated with nu-
merous diseases. Continuous intake of this flavor enhancer in modern nutrition also resulted with toxic effects
on human health, known as Chinese restaurant syndrome. The reference data about influence of monosodium
glutamate on the cells of the immune system or primary immune organs and possible protective effects of
specific antioxidants are still largely unknown. This review summarizes recently known facts about the role of
monosodium glutamate in the cells of the immune system, especially in thymocytes. Also, in this review many
new data on positive effects of ascorbic acid on immune system and the mechanisms of its protective influ-
ence on thymocytes are discussed (Tab. 1, Ref. 52). Full Text (Free, PDF) www.bmj.sk.
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Monosodium glutamate (MSQG) is a sodium salt of glutamic
acid which is one of the most abundant amino acids. Although
MSG occurs in many foods naturally, it is frequently added as a
flavor enhancer, the fact of which makes MSG one of the most
applied food additives in modern nutrition. High daily intake of
MSG results in accumulation and rise of glutamic acid concen-
tration in blood (1). Glutamic acid primarily serves as an impor-
tant excitatory neurotransmitter in central nervous system but it
also serves as an energy source for certain tissues and as previ-
ously reviewed as a substrate for glutathione synthesis (2). These
effects of glutamic acid are carried out via multiple receptor types,
namely ionotropic (iGluR) and metabotropic glutamate recep-
tors (mGluR). iGIuR are pharmacologically defined as NMDA,
AMPA and kainate receptor, while mGIuR consists of so far eight
defined different receptors. It is well documented that excessive
activation of glutamate receptors was associated with some neuro-
degenerative disorders such as Huntington's and Alzheimer's dis-
ease (3, 4). On the other hand, recent studies have showed expres-
sion of glutamate receptors in variuos cells,outside the central
nervous system including those of the immune system (5, 6, 7).
The latter fact indicates that the monosodium glutamate possibly
has its role in immune cell signaling.

Vitamin C, also known as ascorbic acid, is synthesized by all
animals except humans, monkeys, guinea pigs, bats, and several
bird species (8). Vitamin C is a water-soluble nutrient essential
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for the biosynthesis of collagen, L-carnitine, and conversion of
dopamine to norepinephrine (9). Furthermore, ascorbic acid plays
an important role in thyroxine synthesis, amino acid metabolism
and iron absorption (10). Antioxidant properties of vitamin C in
extracellular and intracellular compartments are also well docu-
mented (11, 12, 13). Nowadays, it is believed that the reduction
in antioxidant capacity is one of the major factors in several
chronic diseases (14, 15, 16), in which the lover level of ascor-
bic acid is also detected (as reviewed in 17). On the other hand,
cells of the immune system are very sensitive to changes in the
antioxidant status, which usually ends with impaired immune
function (18). The possibility of protective role of ascorbic acid
in immune system is based on the fact that the concentration of
vitamin C (Immol/l) in immune and inflammatory cells is ten
times higher than that in plasma (19). Such high levels of ascor-
bic acid probably reflect the level of potential oxidative stress
within these cells. Having that in mind, the protective role of
vitamin C in the treatment of autoimmune diseases, phagocytic
disfunctions, immunosupressive disorders and lymphocyte tox-
icity (as reviewed in 20) is expected.

Monosodium glutamate and thymocytes

Toxic MSG effects were first reported in human adults as a
Chinese restaurant syndrome. Thus, MSG has been reported to
produce symptoms such as weakness, flushing, dizziness and
headache beginning in ten minutes up to two hours after the MSG-
containing meal (21). Other toxic effects of MSG such as dam-
aged hypothalamic neurons, obesity, altered antioxidant status
in several brain regions and different organs have also been docu-
mented so far (22, 23, 24, 25, 26). The mechanism of glutamate
toxicity remains unknown but several studies have proposed an
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Tab. 1. Expression of various glutamate receptors in cells of the im-
mune system.

Glutamate receptor Cells Reference data
mGIluR 1, 2, 3,5 Mouse thymocytes, 50
thymic stromal
cell line
mGIuR 2, 3,4, 5 Rat thymocytes 34
iGluR Human lymphocytes 33, 51
mGluR and iGluR Rodent lymphocytes 52

apoptotic pathway (27, 28, 29, 30, 31). The studies carried out
in the past decade were focused on the relation of glutamate re-
ceptors and cells of immune system. Numerous findings indi-
cated a significant expression of glutamate receptors on immune
cells (summarized in Table 1). However, despite the intensive
studies, the precise function of these receptors in white blood
cells remains unknown. The possible relationship between
glutamate concentrations and lymphocyte reactivity has been
documented earlier (32) as well as the inhibitory effect on lym-
phocyte proliferation. The latter effect is probably mediated by
mGluRS activation (33, 34). It increases the intracellular cal-
cium level and via several reactions, it leads to programmed cell
death. Recent findings demonstrate that MSG inhibits the in vivo
(28) and in vitro (35) proliferation of thymocytes while the inhi-
bition depends on dose and time. Furthermore, these studies dem-
onstrated that the inhibited thymocyte proliferation was due to a
decrease in cell viability, while thymocytes die via apoptotic
mechanism under both in vitro (29) and in vivo conditions (28,
30, 31). High MSG-induced cytotoxicity was also documented
in liver, kidney and brain (26), the fact of which indicates that
MSG plays a possible role in inducing immune disorders as well
as various chronic diseases. One of the mechanisms involved in
MSG-induced thymocyte apoptosis was the down-regulation of
Bcl-2 protein expression, while the level of Bax protein has not
been changed (28, 29, 30). This fact suggests an important role
of Bcl-2/Bax ratio, rather than that off Bax level alone in MSG-
induced apoptosis of rat thymocytes. The importance of Bcl-2/
Bax ratio in controlling the lymphocyte apoptosis has been con-
firmed earlier (27, 36). Bax homodimer is a potent regulator of
cell death signal and the anti-apoptotic effect of Bcl-2 protein is
due to its association with Bax. The latter association results in
the reduction of free Bax pool for homodimerization. On the
other hand, MSG-induced apoptosis and altered level of Bcl-2
protein in thymocytes are also related with oxidative stress.
Namely, the treatment of animals with MSG resulted with an
increase in oxidative stress within the kidneys, liver, brain and
thymus (26, 30) and presented the possible mechanism of cell
toxicity. MSG-induced oxidative stress in rat thymus showed a
time-dependent manner and close relation with the rate of cells
apoptosis . The most significant apoptosis and reduction in Bcel-
2/Bax level in thymocytes are seen when the extensive oxidative
stress occurs (30). The excessive generation of oxygen reactive
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species (ROS) in cells is known to damage DNA, lipids and pro-
teins. Lipid peroxidation in cellular membranes damages the
polyunsaturated fatty acids especially in lymphoid cells, and sen-
sitizes T cells to apoptosis by decreasing the expression of Bcl-
2 protein (37).

Vitamin C and MSG-induced thymocyte apoptosis

There is a long-standing debate about the implication of ascor-
bic acid in boosting the immune system. Vitamin C has been
found to be a stimulant in leukocyte functions, especially the
neutrophil and monocyte movement (38). Furthermore, vitamin
C was shown to improve the human immune response such as
antimicrobicidal natural killer cell activities, lymphocyte prolif-
eration and chemotaxis (39-44), indicating the important role of
this vitamin in regulating the immune response. MSG-induced
thymocyte apoptosis was successfully ameliorated with high doses
of ascorbic acid in vivo. The protective role of vitamin C was
mainly obtained by up-regulating the Bcl-2 expression in thy-
mocytes with the resulting change in Bcl-2/Bax protein ratio pos-
sibly playing a more significant role in MSG-induced thymocyte
apoptosis than the Bax expression itself (45). The antiapoptotic
roles of vitamin C in apoptosis induced by dexamethasone and
hydrogen peroxide as well as in spontaneous thymocyte apoptosis
have been confirmed by earlier studies (40, 46, 47). These find-
ings confirm the earlier investigations showing that ascorbic acid
prevents hepatic, renal and brain cytotoxicity after MSG treat-
ment by reducing the intensity of oxidative stress (26). Ascorbic
acid as a potent antioxidant is involved in antioxidant defense of
cells and participates in free-radical scavenging. The imbalance
between antioxidant and prooxidant systems is critical for im-
mune cell functions. The MSG-induced oxidative stress in thy-
mocytes seems to be one of the major inducers of cell toxicity,
which later results with imbalance of expression of pro-apoptotic
and anti-apoptotic proteins. Under these circumstances, the ascor-
bic acid may prove its antioxidant properties and anti-apoptotic
role. Campbell et al. showed that vitamin C could modulate the
immune system by inhibiting the T-cell apoptosis signaling path-
ways (40), among them the oxidant sensitive transcription factor
Nf-kB, which is also included in T-cell apoptosis signaling path-
ways (48). These findings are confirmed by a study showing that
in different cell types, vitamin C prevents apoptosis by upregu-
lating the Bcl-2 protein expression level while the latter process
results in a change in Bcl-2/Bax protein ratio (49). Intensive
oxidative stress sensitizes T cells to apoptosis by decreasing the
expression of Bcl-2 protein. By increasing the expression of Bel-
2 protein and enhancing the Bcl-2/Bax protein ratio, the protec-
tive role of ascorbic acid may allow the thymocytes to cope bet-
ter with the effect of oxidative stress in MSG-induced thymocytes
toxicity. By detoxifying the ROS, antioxidants may therefore
reverse the oxidative stress-induced decline in Bcl-2 and pre-
vent the cell death (37).

By enabling a continuous intake of high amounts of MSG,
modern nutrition can increase the oxidative stress and result in
cytotoxicty in many organs, especially in thymus. Potent anti-
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oxidant nutrients such as vitamin C may significantly restore the
MSG-induced oxidative stress and apoptosis in thymus and si-
multaneously prevent the secondary immunological conse-
quences.
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