
&p.1:Abstract High altitude stress leads to lipid peroxidation
and free radical formation which results in cell mem-
brane damage in organs and tissues, and associated
mountain diseases. This paper discusses the changes in
biochemical parameters and antibody response on feed-
ing glutamate to male albino Sprague Dawley rats under
hypoxic stress. Exposure of rats to simulated hypoxia at
7576 m, for 6 h daily for 5 consecutive days, in an ani-
mal decompression chamber at 32±2° C resulted in an
increase in plasma malondialdehyde level with a con-
comitant decrease in blood glutathione (reduced) level.
Supplementation of glutamate orally at an optimal dose
(27 mg/kg body weight) in male albino rats under hyp-
oxia enhanced glutathione level and decreased malondi-
aldehyde concentration significantly. Glutamate feeding
improved total plasma protein and glucose levels under
hypoxia. The activities of serum glutamate oxaloacetate
transaminase (SGOT) and serum glutamate pyruvate
transaminase (SGPT) and the urea level remained elevat-
ed on glutamate supplementation under hypoxia. Gluta-
mate supplementation increased the humoral response
against sheep red blood cells (antibody titre). These re-
sults indicate a possible utility of glutamate in the ame-
lioration of hypoxia-induced oxidative stress.
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Introduction

Exposure to high altitude (HA) leads to complex meta-
bolic and physiological stress due to hypoxia which re-
sults in anorexia and hypophagia (Hannon et al. 1976).
Consequently, there is loss of body weight and depletion
of stored fat and muscle, leading to emaciation (Surks et
al. 1966; Gloster et al. 1974). Anorexia and hypophagia
are more pronounced during the first 3 days after induc-
tion of man to HA at moderate heights (4300 m) and
become more prominent at higher altitudes. Although the
natives live at up to 4300 m altitude, the trekkers, moun-
taineers and army personnel have to visit and stay at
even higher altitudes for varying periods. At 5000 m and
above, distaste for food develops (Sharma et al. 1977;
Boyer and Blume 1984). Although there is no aversion
to fats, a preference for carbohydrates develops (Rai et
al. 1975).

Anorexia at HA is coupled with sleep disturbances
and deterioration in cognitive functions (Selvamurthy et
al. 1986). Due to disturbances in the nervous system,
physiological functions, including thermoregulation and
feeding mechanisms, are impaired (Rai et al. 1978;
Singh et al. 1996). High altitude stress leads to lipid per-
oxidation and free radical formation which results in
membrane damage and associated mountain diseases
(Kappus 1985; Simon-Schnas 1992).

In recent years, the therapeutic uses of different ami-
no acids in alleviating sleep disorders and improving
higher brain functions such as cognitive abilities and
memory have been described (Lewin et al. 1992; Schena
et al. 1992). Glutamate is the most widespread excitatory
neurotransmitter in the central nervous system. There is
substantial evidence implicating glutamate in learning
and memory. Low doses of glutamate have been reported
to facilitate learning in rodents (Flood et al. 1990). Brain
glutamate turnover has been reported to modify ventila-
tion during hypoxia (Hoop et al. 1990; Ang et al. 1992).

Our preliminary studies indicated that glutamate feed-
ing in rats (27 mg/kg body weight) enhanced food in-
take, body weight and hypoxic tolerance besides improv-
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Parameters Normoxia Hypoxia

Control Glu treated Control Glu treated
(group A) (group B) (group C) (group D)

Glucose (mg/dl) 154.36±2.10 139.71**±3.88 113.11***±1.56 135.70***±3.81
Cholesterol (mg/dl) 64.31±0.97 58.03***±0.73 51.35***±1.07 57.64*±2.03
Protein (g/dl) 6.21±0.12 6.18±0.06 5.65***±0.03 6.17±0.18
Hb (g/dl) 13.64±0.25 14.19±0.25 15.68***±0.10 14.60**±0.17
SGOT (IU) 48.60±2.37 74.43***±1.31 86.00***±1.71 77.00***±1.40
SGPT (IU) 44.40±1.53 42.60±1.68 32.00***±1.16 63.40***±0.52
Urea (mg/dl) 31.95±0.77 37.65**±1.21 42.72***±1.00 50.66***±0.66

* P<0.05; ** P<0.01; *** P<0.001
&/tbl.b:

ing resistance to multiple stress condition, i.e. hypoxia,
cold and restraint (data not shown). In view of the above,
the present study has been carried out to find the effect
of glutamate feeding on biochemical and immunological
parameters during hypoxia in male albino rats.

Materials and methods

All the studies were conducted on male albino rats of the Sprague
Dawley strain, weighing 150–175 g. They were maintained under
standard laboratory conditions at 27±2° C and were given food
and water ad libitum. The illumination in the room was main-
tained in an alternating cycle of 12 h each of light and dark condi-
tions. Rats were divided into four groups of 12 animals each.
Groups A and C served as controls and were given 1 ml 0.9% sa-
line. Groups B and D were fed glutamic acid (27 mg/kg body
weight per day, dissolved in 0.9% saline) orally via a gastric canu-
la for 5 days (during the period of exposure to simulated high alti-
tude). Groups C and D were exposed intermittently to a simulated
altitude of 7576 m (25000 feet), for 6 h daily for 5 consecutive
days, in a decompression chamber at a temperature of 32±2° C in
which the flow rate of air was maintained at 4 l/min.

Biochemical parameters

Animals were sacrificed after 5 days of feeding and exposure to
hypoxia. Blood was collected from the heart using heparin as an
anticoagulant, and plasma was separated by centrifugation. The
extent of lipid peroxidation was studied by estimating malondial-
dehyde (MDA) in plasma by the method of Dousset et al. (1983).
Reduced glutathione (GSH) was estimated in blood by the method
of Beutler et al. (1963). Plasma urea, cholesterol, serum glutamate
oxaloacetate transaminase (SGOT), serum glutamate pyruvate
transaminase (SGPT), glucose, haemoglobin (Hb) and total pro-
tein were estimated using clinical diagnostic kits (Mitra and Ran-
baxy Laboratories, New Delhi, India).

Sheep red blood cells (SRBC)

The cells were collected in Alsever’s solution and washed three
times with pyrogen-free normal saline and adjusted to 5×109

cells/ml for immunization and challenge.

Humoral immune response

Another four groups each of 12 rats (groups A, B, C and D as de-
scribed earlier) were immunised by injecting 20 µl of 5×109

cells/ml s.c. into the right hind footpad. Groups C and D were ex-
posed to intermittent hypoxia for 7 days as described earlier. After
the last exposure, the rats were allowed to rest at normoxia for 1 h

at room temperature. Later, blood samples were collected from in-
dividual rats by retro-orbital puncture for antibody titre by haem-
agglutination as described by Nelson and Mildenhall (1967).
Briefly, equal volumes of individual serum samples of distinct
groups were pooled. Additions of 25 µl of 0.1% SRBC were made
to serial two-fold dilutions of pooled serum samples in normal sa-
line containing 0.1% bovine serum albumin (BSA) in V-bottomed
Takasty microtitration plates. After mixing, the erythrocytes were
allowed to settle down at 37° C until the control wells showed a
negative pattern (small button). The value of the highest serum di-
lution causing visible haemagglutination was taken as the antibody
titre.

All the experiments with the animals were conducted on two
different occasions and the data were analysed statistically using
ANOVA. The study was approved by the Ethics Committee and
conformed to the revised ‘Principles of Laboratory Care 1985’
(NIH, USA).

Results

As shown in Table 1, glutamate supplementation lowered
the plasma glucose and cholesterol levels under normo-
xia (group B) while protein and Hb levels remained un-
changed as compared to group A. There was marked ele-
vation in SGOT and urea levels after glutamic acid feed-
ing (group B); however, there was no significant change
in SGPT levels. There was an increase in GSH level but
no change in MDA level in glutamate-fed animals (group
B) as compared to the control group (group A) under
normoxia (Fig. 1).

Exposure to hypoxia decreased glucose and protein
levels in control animals (group C) while glutamate sup-
plementation (group D) arrested the fall. Cholesterol lev-
els decreased under hypoxia in control animals (group C)
while the levels were maintained in the glutamate-sup-
plemented group (group D). There was an increase in Hb
level when rats were exposed to hypoxia (group C) but
the increase was marginal in the glutamate-supplemented
(group D) animals (Table 1).

The levels of SGOT showed a significant increase un-
der hypoxia (group C) and were also elevated in the gluta-
mate-supplemented group (group D). Exposure to hypoxia
resulted in a decrease in SGPT level (group C), whereas
glutamate supplementation enhanced its level significantly
(group D). The increase in urea level was greater in the
glutamate-supplemented animals (group D) than in control
animals (group C) subjected to hypoxia (Table 1).
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Table 1 Effect of oral glutamate
(Glu) supplementation (27 mg/kg
body wt) on some biochemical
parameters. Estimations were
carried out on the 6th day after
glutamate feeding and exposure
to simulated intermittent hypoxia
for 5 days. The P values were de-
termined using ANOVA compar-
ing the values of groups B, C and
D with a control group under
normoxia (group A). Values are
mean±SE; n=12 male albino rats
in each group&/tbl.c:&tbl.b:



Exposure to hypoxia markedly increased the MDA
level (145%) in the control group (group C), while the
increase was much less (84%) in animals supplemented
with glutamate (group D). Reduced glutathione de-
creased considerably under hypoxia (25.78%), while
supplementation with glutamate resulted in a significant
increase in GSH (Fig. 1).

The humoral response to SRBC during hypoxic expo-
sure in control and glutamate-supplemented animals is
shown in Fig. 2. In normoxia, glutamate supplementation
(group B) resulted in a marginal increase in antibody ti-
tres over the control animals (group A). Exposure to
hypoxia resulted in a significant fall in antibody titres in
the control animals (group C) while in glutamate-supple-
mented animals the fall was arrested (group D).

Discussion

Exposure to HA leads to complex metabolic and physio-
logical changes leading to loss of appetite and body
weight (Hannon et al. 1976). Stress at HA also increases
free radical formation, resulting in lipid peroxidation and
hence damage to cell membranes (Simon-Schnas 1992).
Glutamic acid and two of its derivatives, glutamine and
glutathione, play important roles in the metabolism of
amino acids and ammonia, and have various biochemical
functions of physiological significance (Krishnaswamy
1980). Glutamate is involved in fatty acid synthesis, it
controls osmotic (anionic) balance and serves as a precur-
sor of GABA (γ-amino butyric acid) and intermediates of
the tricarboxylic acid (TCA) cycle (Meister 1979). It plays
a key role in the storage of cysteine (a valuable sulphur-
containing reducing agent of biological significance) by
the formation of a tripeptide, glutathione (Krishnaswamy
1980). Glutathione plays an important role in the detoxifi-
cation of drugs and foreign compounds (Meister 1979).

In view of its multiple roles, an attempt has been
made to assess the possible role of glutamic acid in ame-
liorating the dysfunctions induced by HA stress.The re-
sults (Table 1) showed that glutamate supplementation
arrested the fall in blood glucose level during hypoxia,
suggesting that glutamate has a glucose-sparing effect.
This may be because of gluconeogenesis or utilization of
glutamate directly by transmination to α-ketoglutarate.
The spared glucose can be used either to meet the de-
mands of the central nervous system for energy or lead
to keto acid generation, through the TCA cycle, by the
action of transaminases to generate various essential and
non-essential amino acids required under stress. Gluta-
mate supplementation under hypoxia resulted in an in-
crease in the activity of the enzymes SGOT and SGPT
(Table 1). These enzymes participate in transamination
of amino acids in gluconeogenesis, with the production
of urea, resulting in hyperglycaemia and elevated urea
levels (Munro 1979). In the present study, hypoxia also
resulted in an increase in urea levels with an increase in
glucose levels in glutamate-supplemented animals in
comparison with non-supplemented animals.

Glutamate supplementation in normoxia did not
change either plasma protein or Hb levels. However, it
prevented the fall in plasma protein during hypoxia, indi-
cating its role in the prevention of protein metabolism
during stress. The ability of glutamate-supplemented ani-
mals to maintain Hb content even during hypoxia indi-
cates that glutamate helps in stress tolerance.
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Fig. 1 Effect of oral glutamate (Glu) feeding (27 mg/kg body wt)
on reduced glutathione (GSH) and malondialdehyde (MDA) levels
under normoxia and hypoxia in control (given placebo saline)
and experimental animals; n=12 in each group. Results were sta-
tistically analysed using ANOVA. Significant correlations are indi-
cated by asterisks and the various groups have been compared
with the control (Con) group. Values are mean±SD. ** P<0.01;
*** P<0.001&/fig.c:

Fig. 2 Effect of oral glutamate (GLU) feeding (27 mg/kg body
wt) on antibody (Ab) titre under normoxia and hypoxia in experi-
mental and control (CON) animals; n=12 animals in each group.
Values are mean±SD. *** P<0.001&/fig.c:



Hypoxia has been reported to cause lipid peroxidation
leading to membrane damage (Hoyt et al. 1990). In the
body GSH carries out detoxification and protects the tis-
sues from oxidative damage (Meister 1979). Our results
showed an increase in MDA level in the control group
exposed to hypoxia (group C) indicating enhanced per-
oxidation of membrane lipids (Fig. 1). The increase in
MDA level was accompanied by a reduction in GSH
content. However, glutamate supplementation under hyp-
oxia (group D) improved GSH levels over the control
and reduced MDA levels significantly. This indicates
that glutamate helps in preventing lipid peroxidation. As
glutamate is the precursor of GSH, it probably plays an
important role in its synthesis (Meister 1979).

The fact that glutamate supplementation enhanced an-
tibody titres (Fig. 2), indicates that glutamate promotes
better immunity build-up, especially during hypoxia.
Glutamate helps in the synthesis of glutamine (Wagen-
makers 1992) and glutathione (Meister 1979). Since both
glutamine and GSH stimulate the immune response, par-
ticularly during oxidative stress (Furukawa et al. 1987;
Wallace and Keast 1990; Meydani et al. 1995), it is pos-
sible that oral glutamate regulates the humoral response
through producing either glutamine or GSH.

In conclusion, our study shows that oral glutamate
supplementation promotes HA stress tolerance through
the maintenance of immunity and protection from oxida-
tive damage. Experiments are in progress to investigate
the molecular mechanisms of this process.
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