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EXPERIMENTAL STUDY

Ascorbic acid modulates monosodium glutamate induced

cytotoxicity in rat thymus
Pavlovic V!, Pavlovic D?, Kocic G?, Sokolovic D?, Sarac M3, Jovic Z*

Institute of Physiology, Medical Faculty University of Nis, Nis, Serbia. vojapav@yahoo.com

Abstract: Background: Monosodium glutamate (MSG) is a commonly used flavor enhancer in modern nutri-
tion. It has been shown that administration of MSG induces toxic effects in various regions of brain, thymus,
liver and kidney. Also, it is well-documented that Vitamin C (ascorbic acid) has a protective role in MSG-induced
cytotoxicity in rat liver, kidney and various brain regions, but has not been studied in thymus.

Objectives: In the present study, we examined the possible protective role of Vitamin C in MSG-induced cyto-
toxicity in adult (Kindly indicate the strain of rat) rat thymus.

Material and methods: MSG was administrated intraperitoneally (4 mg/g of body weight), with or without Vita-
min C (500 mg/kg of body weight), for six consecutive days. Animals were sacrificed at 1st, 7th and 14th day
of last MSG dose.

Results: This study demonstrates that MSG administration in animals significantly decreases cell viability with
significant down-regulation of Bcl-2 protein, while Bax protein expression was not significantly changed in rat
thymocytes. Vitamin C was effective in ameliorating the effect of MSG in rat thymocytes by increasing the
proportion of viable cells and up-regulating the expression of Bcl-2 protein in rat thymocytes.

Conclusion: These results suggest that the treatment with Vitamin C may prevent the MSG-induced cytotoxicity
in rat thymocytes by up-regulating Bcl-2 protein expression resulting in a change in Bcl-2/Bax protein ratio (Tab. 1,
Fig. 1, Ref. 32). Full Text (Free, PDF) www.bmyj.sk.
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Monosodium glutamate (MSG), the sodium salt of glutamic
acid (GA), is one of the most frequently applied food additive in
the developed world. Modern nutrition enables a continuous in-
take of this flavor enhancer, with resulting rise and accumula-
tion of GA in blood (1). This amino acid acts at multiple recep-
tor types, divided into two main groups: ionotropic glutamate
receptors (iGluR) and metabotropic (mGluR) glutamate recep-
tors (2). In addition to the CNS, glutamate receptors (GluRs) are
also found on various non-neuronal cells. GluRs were found in
human lymphocytes (3), mouse (4), and rat thymocytes (5), sug-
gesting their role in immune system. However, several studies
showed toxic effects of MSG in various regions of central ner-
vous system (6), thymus (7), liver and kidney (8), mainly by
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generation of ROS and resulting oxidative stress. Toxic effect of
MSG in human adults, as manifested by the Chinese restaurant
syndrome, is also documented (9).

The immune system is highly dependent on adequate cell-
-cell communication, and any damage to the signaling systems
(oxidative stress), will lead to an impairment in immune respon-
siveness. Vitamin C (ascorbic acid) is an essential water-soluble
nutrient that primarily exerts its effect on host defense mecha-
nisms and immune homeostasis by being the most important
physiological antioxidant (10). It is present in extracellular fluid
and the cytosolic compartment of cells and exerts several di-
verse effects on the immune system. Vitamin C increases the
neutrophilic motility (11) and phagocytic functions (12) in hu-
man. Such macrophage functions as chemotaxis, phagocytosis,
and superoxide anion production in mice are enhanced by sev-
eral antioxidants, including Vitamin C (13). The administration
of Vitamin C normalized the monocyte function in strong smok-
ers, as was reviewed earlier (14). Increased proliferation of T
cells (15), and inhibition of various forms of T cell death (16)
and Fas-induced apoptosis of monocytes (17) by Vitamin C have
also been reported. The increased cytotoxic activity of natural
killer cells in humans is another example of of Vitamin C supple-
mentation effects (18). In line with previous results, the recent
study showed a protective role of Vitamin C on MSG-induced
cytotoxicity in rat liver, brain and kidney (8), but it has not been
studied in thymus.
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Since Vitamin C may be present in diets and meals com-
monly consumed by humans, the next study was design to evalu-
ate the possible protective role of this antioxidant on MSG-in-
duced cytotoxicity in rat thymus.

Materials and methods

Animals

Experiments were performed on adult male Wistar rats (120—
140 g), 8—10 weeks old, bred at the Vivarium of the Institute of
Biomedical Research, Medical Faculty, Nis, under conventional
laboratory conditions. The experimental animals were treated in
accordance with national animal protection guidelines.

Materials

Culture medium (CM) was prepared using RPMI 1640
(Sigma, St Louis, Mo., USA), according to the manufacturer in-
structions. CM containing 25 mM HEPES, 2 mM glutamine,
penicillin (100 U/ml), streptomycin (100 ug/ml) and 10% fetal
calf serum (FCS).

Monosodium glutamate (MSG) was obtained from Fluka
Chemika AG, Buchs, Switzerland.

Vitamin C (L-ascorbic acid) was purchased from Galenika
a.d., Belgrade, Serbia.

Saponin-based permeabilization reagent, IntraPrept, was
obtained from Immunotech, Marseille, France.

The following monoclonal antibodies were purchased from
Immunotech (Marseille, France): Mouse anti-rat Bcl-2 (clone
5D4) and Goat F (ab,)2 phycoerythrin (PE)-conjugated anti-
mouse IgG (H+L). Mouse anti-rat Bax (clone 6A7) monoclonal
antibody was obtained from Sigma, St Louis, Mo., USA.

Monosodium glutamate animal treatment

Experimental animals were treated intraperitoneally, with 500
mg/kg of body weight Vitamin C (19), 4 mg/g of body weight
MSG (20) in 1 ml physiologic saline and MSG only (4 mg/g of
body weight) in 1 ml physiologic saline, for 6 consecutive days,
regarding to our previous studies and continuous evaluation of
MSG effects (7). Their respective controls (control animals) were
treated with only 1ml of physiologic saline, for 6 consecutive
days. Animals (experimental and control) were sacrificed (using
ether anesthesia) at 1st, 7th and 14th day after last MSG dose.

Preparation of thymocytes

Thymocytes were prepared as described previously (7).
Briefly, each thymus was extirpated using sterile technique and
placed in cold CM containing 10 % FCS. The thymocytes were
released by sliding the thymus along a steel-mesh. Cell suspen-
sions were filtered through a sterile nylon-filter to remove stroma
and then the cells were washed twice with cold CM containing
10 % FCS.

Determination of cell viability

At various time points (1st, 7th and 14th day after last MSG
dose), after thymocyte isolation, cell viability was determined
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Tab. 1. The effect of MSG and vitamin C on rat thymocytes viability.

Viability (trypan blue exclusion test)

Group
MSG treatment MSG+VitC treatment  Control
D1 55.24+5.65" 72.3+£4.560¢
D7 43.4+7.37" 56.23+£5.61¢ 65.76+£5.21
D14 36.23+4.81" 51.43+£5.17¢

Rat thymocytes were isolated at 1st, and 14th day after MSG administration and
cell viability was determined by using the trypan blue dye exclusion method, as
described in Material and methods. Results are given as mean percentage + SD of
triplicate samples of one representative experiment (out of three with similar re-
sults). Abbreviations: D1 — animals sacrified at 1st day after glutamate adminis-
tration, D7 — animals sacrified at 7th day after glutamate administration, D14 —
animals sacrified at 14th day after glutamate administration. MSG — animals treated
only with MSG. MSG+VitC — animals treated simultaneuosly with MSG and vita-
min C. " p<0.001 compared to control (non-treated) animals. * p<0.05 compared
to MSG treated animals.

by using the trypan blue dye exclusion method. Results were
presented as the percentages of viable cells.

Flow cytometric evaluation of Bcl-2 and Bax levels

The levels Bcl-2 and Bax were measured by flow cytometry,
as described previously (7), by using retrospective monoclonal
antibodies. Non-specific binding was detected by the control cells,
which were incubated with the secondary antibody (PE-conju-
gated anti-mouse IgG) alone. Labeled cells were analyzed (5000
analyzed cells/per sample) using EpicsrXL flow cytometer
(Coulter, Krefeld, Germany).

Statistical analysis
The results are presented as the mean + SD. Significant dif-
ferences between groups were evaluated using Student’s t-test.

Results

MSG enhances the viability of rat thymocytes

The cytotoxic effect of MSG on rat thymocytes, was evalu-
ated at various time points (1st, 7th and 14th day after last MSG
dose), by using trypan blue dye exclusion method. The obtained
results, presented in Table 1, show that MSG administration to
animals significantly decreased cell viability, during examina-
tion period, in a time-dependent manner. As shown in Table 1,
the maximal increased cytotoxicity (p<0.01), during examina-
tion period, was detected at 14th day after MSG administration.

Effect of MSG on Bcl-2 and Bax protein expression

Taking into account the different intracellular signal trans-
duction pathways which might be involved in T-cell death, in
next experiments we studied the influence of MSG on Bcl-2 and
Bax protein expression in rat thymocytes, by using flow
cytometric method. As shown in Figure 1, MSG administration to
animals induced significant down-regulation of Bcl-2 protein
(p<0.05), during whole examination period, in rat thymocytes.
On the other hand, no significant changes in the expression of Bax
protein were detected during examination period (data not shown).
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Fig. 1. The effect of monosodium glutamate (MSG) and vitamin C
on Bcl-2 protein expression in rat thymocytes. Thymocytes were in-
cubated with anti-Bcl-2 monoclonal antibody, as described in Mate-
rial and methods. Percentages of positive cells were determined by
flow cytometric analysis. Results are given as mean percentage + SD
of triplicate samples of one representative experiment (out of two
with similar results). Abbreviation as in Table 1.

Vitamin C decreases cytotoxicity and up-regulates the expres-
sion of Bcl-2 in rat thymocytes

Further, we investigated the possible protective role of Vita-
min C on MSG-induced cytotoxicity in rat thymocytes. We
showed that administration of Vitamin C to the animals signifi-
cantly reduced the MSG-induced cytotoxicity of rat thymocytes,
during whole examination period. The maximal increase in cell
viability (p<0.01) was observed at 1st day, after last MSG dose
(Tab. 1).

To shed some light on molecular effects of ascorbic acid on
T cells, we next studied the modulatory effect of Vitamin C on
Bcl-2 and Bax expression in MSG treated rats. Treatment of rats
with Vitamin C induced significant increase in Bcl-2 protein
(p<0.05), during the whole examination period, in rat thymocytes.
The maximal up-regulation, of Bcl-2 protein, was observed at
Ist day after the last MSG administration (Fig. 1). However, ap-
plication of Vitamin C together with MSG was not able to modu-
late the expression of Bax protein in rat thymocytes, during the
whole examination period (data not shown).

Discussion

In the present study, we investigated the ability of MSG to
induce toxicity in rat thymocytes. We also examined the modu-
latory effect of MSG on Bcl-2 and Bax protein expression in rat
thymocytes. Furthermore, we tested the possibility of Vitamin C
to prevent the MSG-induced cytotoxicity in rat thymocytes. The
present study demonstrated the protective effect of Vitamin C in
rat thymocytes treated with MSG by modulation the Bcl-2 pro-
tein expression in rat thymocytes.

Results presented in our study, demonstrated that MSG ad-
ministration to animals significantly increased cytotoxicity dur-
ing examination period, in a time dependent manner, as deter-

mined by trypan blue exclusion test. Further, flow cytometric
results showed that MSG administration to animals induced sig-
nificant down-regulation of Bcl-2 protein expression, during
whole examination period, with resulting change of Bcl-2/Bax
protein ratio in rat thymocytes. Recent results support previous
findings that treatment with MSG induced thymocytes apoptosis
and down regulation of Bcl-2 protein expression in vivo (7, 21),
as well in vitro conditions (22) suggesting that the Bcl-2/Bax
ratio rather than the Bax level is the important determinant for
the induction of cell death in thymocytes by MSG.

To investigate the hypothesis that ascorbic acid modulates
the MSG-induced toxicity in rat thymocytes, the animals were
treated with ascorbic acid and MSG simultaneously during 6
consecutive days. The obtained data showed that the application
of ascorbic acid significantly decreased the toxicity in rat thy-
mocytes during the whole examination period. These findings
confirm earlier investigations, which showed that after MSG
treatment, ascorbic acid prevented liver, kidney and brain cyto-
toxicity (8), and here we demonstrated the protective role of ascor-
bic acid in thymocytes cytotoxicity. It is well-known that ascor-
bic acid is a component of the first line of antioxidant defense
against oxidative processes. Ascorbic acid is involved in the an-
tioxidant defense of cells and participates in free radical scav-
enging as an antioxidant, as well as plays an important role in
biosynthetic processes, such as the synthesis of collagen, cat-
echolamines or leukotrienes (23). The antioxidant ascorbic acid
has beneficial effects on the function of immune cells such as T
lymphocytes (24), polymorphonuclear leukocytes and macroph-
ages (13). Ascorbic acid has also been shown to enhance anti-
oxidant defenses of T cells as well as to increase T-cell respon-
siveness to antigens, suggesting a role in regulating the immune
function (25). Therefore, a decrease in the intracellular content
of these antioxidants may result in local immunosuppression (26).
It has been demonstrated that Vitamin C could modulate the im-
mune system by inhibiting T-cell apoptosis signaling pathways
(16). The intracellular antioxidant-oxidant balance is critical for
immune cell functions because it maintains the integrity of cel-
lular components and their function. Immune cells are particu-
larly sensitive to oxidative stress because of the high content of
polyunsaturated fatty acids in their plasma membranes and a high
production of ROS, which is part of their normal function (27).
These findings may suggest that an imbalance between pro-
oxidant-antioxidant systems in thymus, after MSG treatment, with
resulting impaired immune function, can be restored by ascorbic
acid. Previous findings are supported by our recent report, which
indicated that MSG administration to animals induced the sig-
nificant oxidative stress and apoptosis in rat thymus (21) as well
as by a study which indicated high sensitivity of thymocytes to
oxidative stress (28).

In an attempt to gain insight into the molecular effects of
ascorbic acid, we studied the influence of this antioxidant on the
expression of Bcl-2 and Bax protein in rat thymocytes. Our re-
sults indicate that ascorbic acid significantly up-regulated the
expression of Bcl-2 protein in rat thymocytes after MSG treat-
ment with resulting changes in Bcl-2/Bax protein ratio. These
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results correlate with increased cell viability in rat thymus after
ascorbic acid treatment, suggesting that ascorbic acid prevents
MSG-induced cytotoxicity by increasing the Bcl-2 protein ex-
pression in rat thymocytes. These observations are in accordance
with the findings that ascorbic acid in various cell types, pre-
vents apoptosis by upregulating the Bcl-2 protein expression (29).
Intracellular located Bcel-2 is essential to provide antioxidant pro-
tection against apoptosis (30), and it has been demonstrated to
prevent the release of the redox compound of cytochrome ¢ from
mitochondria (31). However, ascorbic acid can provide a way to
protect by antioxidant function at the plasma membrane, inde-
pendent of Bcl-2 that is not located in this membrane, and can
act at a very early phase of apoptosis initiation (32). Thus,
overexpression of Bcl-2 may allow cells to cope better with the
effects of ROS, possibly by allowing increases in endogenous
antioxidant enzymes. By detoxifying ROS, antioxidants may
therefore reverse the ROS-induced decline in Bcl-2 and prevent
the cellular death (30).

In summary, we have confirmed the previous data that pro-
longed the effect of MSG administration to animals resulted in
increased cytotoxicity in rat thymus with significant down-regu-
lation of Bcl-2 protein in rat thymocytes. Food substances rich
in antioxidants, such as ascorbic acid, may significantly modu-
late the cytotoxicity induced by MSG administration, namely by
increasing the expression of Bel-2 protein in rat thymocytes re-
sulting in a change in Bcl-2/Bax protein ratio.
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