EFFECT OF GLUTAMIC ACID AND HYPOXIA
ON TRANSAMINASE ACTIVITY IN THE BLOOD AND TISSUES
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Experiments on adult rats showed that administration of glutamic acid (1 mg/g) increases the
activity of alanine- and aspartate-aminotransferases in liver and thyroid homogenates under
normal and hypoxic conditions (raising to an altitude of 8000 M for 1 h). The serum level of
enzyme activity was not affected by glutamic acid. Hypoxia increased the activity of both
transaminases in the blood serum only.

Recent work has shown that tissue transaminase activity is dependent on hormonal influences, not-
ably on the state of thyroid function [1, 15, 16]. The aminotransferases play an important role also in
thyroxin production [8, 11, 12, 14]. It can be assumed that the recently discovered [4] stimulating effect
of glutamic acid on thyroid function during hypoxia is effected through a change in aminotransferase ac--
tivity.

The present investigation was undertaken to investigate the validity of this hypothesis, bearing in
mind the marked affinity of glutamic acid for pyridoxal phosphate [3, 17} and the activating effect of the
latter compound on the apoenzyme of the glutamate transferases [7].

EXPERIMENTAL METHOD

Experiments were carried out on adult male rats divided into four groups with 8-12 animals in each
group. Two groups of rats were kept at normal atmospheric pressure, the others under hypoxic conditions
in a pressure chamber at the equivalent of an altitude of 8000 m for 1 h. The experimental groups of rats
received a subcutaneous injection of neutralized glutamic acid in a dose of 1 mg/g body weight 30 min be-
fore introduction into the pressure chamber. The control animals received an equivalent volume of physiol-
ogical saline at the same time. The rats were sacrificed by decapitation 1.5 h after injection of the solu-
tions or immediately after removal from the pressure chamber. Activities of alanine-aminotransferase
(2.6.1.2) and aspartate-amino transferase (2.6.1.1) were determined in the blood serum and in liver and
thyroid homogenates by Paskhina's method {6] and expressed in pmoles pyruvate/min/g tissue.

EXPERIMENTAL RESULTS AND DISCUSSION

The highest transaminase activity in intact rats was found in the liver (Table 1}). The results of de-
termination of the enzyme activity in the tissues and blood of the healthy rats corresponded approximately
to those given in the literature [5, 13].

Injection of glutamic acid into rats under normal conditions did not affect the serum transaminase
activity but significantly increased the activity of both transaminases in the liver and thyroid gland. Ex-
posure to hypoxia for 1 h substantially increased the activity of both transaminases in the serum only
(P <0.05), while in the tissues the activity showed only a slight change by comparison with the intact
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TABLE 1. Effect of Glutamic Acid on Aminotransferase Activity of Blood, Liver, and Thyroid Gland under Normal

and Hypoxic Conditions [in umoles pyruvate/g (ml)/min]
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animals (Table 1). In the modern view [2, 18], hypoxia, like other
nonspecific stimuli, increases the permeability of cell membranes,
thus raising the blood enzyme concentration.

When the rats were given glutamic acid before being placed
in the pressure chamber, hypoxia led to a significant increase in the
activity of both transaminases in the liver. The activity of the en-
zymes in the serum and thyroid gland also was increased by glu~
tamic acid, but the increase was significant only in the case of as-
partate-aminotransferase.

The increase in transaminase activity in the liver and thyroid
gland discovered after injection of glutamic acid under both normal
and hypoxic conditions could be attributed to the character of meta-
bolism of this amino acid. Glutamic acid and its deamination prod-
uct, a-ketoglutaric acid, are known to be active partners of amino-
transferases. The additional injection of a large quantity of glu~
tamic acid as substrate therefore led to an increase in transaminase
activity. A similar substrate-induced increase in aspartate-amino-
transferase activity under tle influence of oxaloacetic acid was ob-
served by Hohls [10] in experiments on chickens, in vitro as well
as in vivo.

The observed stimulant effect of glutamic acid on tissue
transaminase activity explains to some extent its ability to im~
prove oxidative processes and to stimulate thyroid function, es-
pecially during hypoxia. By taking part in a transamination reac-
tion, glutamic acid reduces the concentration of oxaloacetate, a
powerful inhibitor of succinate dehydrogenase [19, 20]. By abolish-
ing the inhibition of this important enzyme of the tricarboxylic acid
cycle, glutamic acid thus stimulated oxidative processes and strength-
ened the tissue compensatory mechanisms during exposure to hy-
poxia.

The stimulant effect of glutamic acid on transaminase activity
in the thyroid gland also helps to explain the specific effect of this
amino acid on hormone formation. Improvement of oxidative pro-
cesses in the thyroid gland is of great importance to the formation
of thyroid hormones. On the one hand, the increase in transaminase
activity in the thyroid may itself be a factor promoting thyroxin
production. The transamination of diiodotyrosine with a-ketoglu-
tarate is known to be a specific reaction for the thyroid gland [11],
for it is inhibited by a-thyroxin and activated by thyrotropic hor-
mone. The pyridoxal phosphate-dependent formation of triiodothyro-
nine and thyroxin from less highly iodinated precursors in the sub-
cellular fractions of the thyroid gland has been observed by several
workers [8, 12]. It can accordingly be concluded that an increase
in aminotransferase activity is one of the mechanisms whereby glu-
tamic acid stimulates thyroid function.
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