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The production of acute neuronal degener-
ation in the retina of mice receiving parenter-
ally administered monosodium vr-glutamate
(MSG) has been described (1, 2). Brain
lesions in the hypothalamus of rat, monkey,
and mouse have also been associated with
administration of MSG by the subcutaneous
route (3-5) and in the mouse by the oral
route (6). The results are in disagreement
with the findings of Adamo and Ratner (7)
who were unable to demonstrate any effects
on brain or reproduction function in rats.

Glutamic acid is highly concentrated in
nervous tissue and plays a significant role in
its metabolism (8). Although no net uptake
of glutamic acid in brain can be demonstrat-
ed after excessive elevation of blood glutamic
acid (9, 10), the glutamic acid from blood
exchanges rapidly with that from brain (11,
12). The present study is an attempt to es-
tablish a biochemical basis for the action of
MSG relating to its metabolic function as an
energy source in brain and as a precursor for
biologically active metabolites in brain and
liver.

Materials and Methods. MSG was pur-
chased from Sigma Chemical Company.
L-Glutamic acid-U-*C (197 uCi/umole)
used in the #n wvitro incubation study was
obtained from the New England Nuclear
Corporation. Purina laboratory chow was
purchased from Ralston Purina Company.

Fifty male Holtzman albino weanling rats
were allotted to five groups of 10 animals
each and were housed individually. The
diets, Purina laboratory chow supplemented
with MSG at the 0, 1, 5, 10, and 20% levels,
were fed ad lbitum for 16 weeks. Body
weights were recorded weekly. At the end of
the experimental period the rats were lightly
anesthetized with ether and decapitated.

Whole brain was rapidly excised and
weighed, and a 16% homogenate was prepared
in 0.1 M phosphate buffer (pH 6.1) for
assay of glutamic acid decarboxylase (GAD),
the enzyme that may be the rate-limiting
step in determining the level of y-aminobu-
tyric acid (GABA) in particular areas of the
central nervous system (13). For the assay of
GAD, the final reaction mixture of 2.2 ml
contained 1.4 ml of phosphate buffer (pH 6.1
at 36°), 0.2 ml of homogenate, 0.2 ml of
pyridoxal phosphate (500 pg/ml), 0.1 ml of
MSG (500 umole), and 0.3 ml of MSG-14C
(2.2 X 10% cpm and 0.0076 pmole). The
mixture was shaken at 36° in a constant-
temperature water bath for 10 min; aliquots
were withdrawn at 2.5 min intervals during
the incubation period and added to tubes
containing 1.3 vol of cold 0.6 N perchloric
acid. After the tubes were centrifuged the su-
pernatant was removed, neutralized, and re-
duced in volume under vacuum. An appropri-
ate volume was applied to paper strips in a
Durrum cell for electrophoresis in a pyri-
dine:acetic acid:water (8:15:977) system at
300 mV for 3 hr. Areas on the paper corre-
sponding to those of authentic GABA were
cut out, placed in a vial containing 15 ml of
Bray’s solution (14), shaken mechanically
for 30 min, and counted for radioactivity in a
Nuclear Chicago Mark 1 liquid scintillation
counter. Measurements were corrected for
quenching as previously described (15). The
remainder of the brain homogenate was saved
for colorimetric assay of protein (16) and
DNA (17). Glutamate (18), GABA (19),
and aspartate (20) concentrations in protein-
free brain extracts were determined by enzy-
matic methods. Glutamine was converted to
glutamate with the enzyme glutaminase and
assayed as described above. Succinate was
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Fic. 1. The effect on body weight of feeding various levels of MSG to rats for 16 weeks.

assayed by a previously described enzymatic
method (21) after its isolation by eluting
from Dowex-1-formate columns (22).

Whole liver, removed at the time of sac-
rifice, was frozen in Freon and weighed, and
sections were taken for protein, RNA (15),
and DNA determinations. The remainder of
the liver was acid extracted (22), and the
supernatant fraction was assayed for gluta-
mate, lactate (23), malate (24), aspartate,
and a-glycerophosphate (o-GPQO,) (25).

Data were analyzed by the Student ¢ test.

Results. Figure 1 shows that rats fed the
20% MSG-supplemented diet did not grow as
well as control rats or rats fed the chow diet
supplemented with MSG at the 1, 5, or 10%
levels. By week 16, body weights of rats fed
the 20% MSG diet were depressed by 15%
compared with those of control rats (p<
.001).

The data in Table I show some of the
effects of feeding MSG on its metabolites in
rat brain. GABA concentrations in brains of
rats fed the 19 MSG diet were decreased by
17% from control values (p<.025) with a
maximum decrease of 20% in rats receiving
the highest dietary level of MSG (p<.005).
Hyperirritability, an excessive response to
handling, was observed in all groups of rats
consuming diets supplemented with MSG.
Succinate concentrations in brain were ele-
vated as dietary levels of MSG were in-
creased; in rats fed the highest level of MSG,
the succinate was increased 20% compared
to control values (p<.05). No changes were

noted in brain weight, protein, or DNA.
Despite the high MSG intakes, brain gluta-
mate remained relatively constant as did
GAD, the enzyme responsible for the forma-
tion of GABA. Glutamine and aspartate con-
centrations in brain were also unresponsive to
dietary levels of MSG.

Table IT shows some of the effects of feed-
ing MSG on metabolites in rat liver. The
liver weights of rats fed the 209 MSG diet
were depressed by 9% ($<.025); however,
liver:body weight ratio was not significantly
different from that of controls. Aspartate
concentrations in all rats receiving MSG were
elevated compared with those of controls;
the maximum elevation was 25% in rats given
the highest level of dietary MSG (p<.025).
No significant changes were observed in liver
protein, RNA-P, or DNA-P. Liver gluta-
mate and a-GPO, remained unchanged, al-
though an upward trend in their concentra-
tions was observed. Lactate and malate levels
were not significantly changed in liver.

Discussion. Glutamic acid in the form of
the sodium salt is widely used as a seasoner
or flavor enhancer for many foods, and as a
drug in the treatment of ammonia accumula-
tion in hepatic failure and various behavioral
aberrations (26, 27). Glutamate enters the
brain rapidly (11, 12) and is quickly metab-
olized to other substances; there was no net
increase in brain glutamate levels of rats
ingesting the 209% MSG diet. Figure 2 shows
that increased concentrations of brain suc-
cinate can be derived from MSG by two
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Fic. 2. The metabolic pathway of MSG in the rat brain,

widely accepted reactions: (a) oxidative
deamination or transamination of glutamate
to a-ketoglutarate, which is further decar-
boxylated; and (b) transamination and ox-
idation of GABA, a decarboxylation product
of glutamate. However, the most important
finding is the decreased concentrations of
GABA in the brains of rats in all groups fed
MSG diets. These rats displayed increased
irritability to a type similar to that seen in
vitamin Bg deficiency. In the type of irrita-
bility induced by vitamin Bg deficiency or
isoniazid treatment, GAD activity is de-
creased because of insufficient coenzyme, re-
sulting in decreased production of GABA.
Supplementation with the vitamin reversed
this effect (28, 29). In our experiments, de-
creased concentrations of brain GABA were
not associated with a vitamin B deficiency
or with GAD activity (added vitamin Bg did
not increase enzyme activity in the assay),
which remained constant in all groups of
rats. It is possible that an initial and transi-
ent increase in GABA production stimulated
those enzymes responsible for its degrada-
tion.

Decreased protein and DNA concentra-
tions in brain have been associated with neu-
ron deficiency (30); however, in our studies,
these parameters remained constant in rats
ingesting MSG, indicating that there was no
impairment in brain development.

The liver also metabolizes glutamate at a
rapid rate, as shown by the consistent values
for glutamate in the livers of rats fed MSG in
the diet, even at the highest level. Aspartic
acid, which was elevated in the livers of
MSG-fed rats, was probably derived from the
main degradative pathway of glutamate,

transamination with oxaloacetate. Oxidative
pathways for the production of energy, COq,
and water by way of the citric acid cycle
were also unaffected by dietary MSG; levels
of lactate, malate, and o-GPO, in the liver
remain constant.

Summary. Rats in each group receiving
MSG exhibited hyperirritability. While levels
of glutamate, glutamine, aspartate, DNA,
protein, and GAD in brain remained relative-
ly constant, a significant decrease in GABA
levels was noted along with a significant in-
crease in succinate levels. Analysis of liver
indicated no effect of dietary MSG on pro-
tein, RNA-P, DNA-P, glutamate, lactate,
malate, or a-GPO,4. Aspartate levels were sig-
nificantly increased. The decrease in brain
GABA levels may be related to the observed
increased irritability.
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