
334 GLUTAMIC ACID AND AMMONIUM ION 

presence of glucose interferes with the oxida- 
tion of the amino acids. The quantitative 
differences in the effect on different organisms, 
as well as the variable influence of lactic acid, 
must be presumed to be due to the different 
capacity of each organism for aerobic oxida- 
tion of the hydrocarbons and amino acids. 
The stimulating effect of nicotinic acid in the 
amino acid medium without carbohydrates can 
also be explained on this basis. A more de- 
tailed study of the relation of vitamins to the 
metabolic activity of staphylococci ( to be 
reported elsewhere) indicates that the oxida- 

tion of amino acids is similar to that of lactate 
and pyruvate. 

Summary. When nicotinic acid is lacking in 
a substrate otherwise suitable for growth, the 
addition of glucose inhibits the growth of 
organisms capable of fermenting this sugar in 
the presence of nicotinic acid. The degree of 
inhibition is 5 to 1000 fold, and depends on 
the organism and the medium. With Proteus 
XK the inhibition was 5-10 fold; with dysen- 
tery organisms and with staphylococci 
100-1000 fold. 
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Effect of Glutamic Acid on the Central Action of the Ammonium Ion. 

MILTON R.  SAPIRSTEIN. (Introduced by G. B. Wallace.) 
Froi)i the 1kpcirt::rc~:rf of Plrccr:~rcic~olo~~~~, .\-ori- 1.01-k lin.ivcrsity College of Medicine. 

In 1936, in a study of the effect of various 
stimulants and depressants of the central 
nervous system on the aftercontraction in 
humans, it was noted that small amounts of 
ammonium salts (5 g ammonium), taken by 
mouth, caused a marked increase in this phe- 
nomenon. We have considered the aftercon- 
traction a measure of the excitability of the 
human cerebral I t  has been repeat- 
edly affirmed in the literature that the con- 
centration of ammonium ion increases in the 
brain tissue and cerebrospinal fluid in states 
of increased excitability of humans and ani- 
mals. The fact that oral and parenteral ad- 
ministration of ammonium salts can produce 
convulsions in animals is well known. 

Since ammonium convulsions so closely 
simulate spontaneous seizures, it seemed that 
any substance which would prevent these 
seizures, might be useful in other types of con- 
vulsive activity. The work of Krebs on the 
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metabolism of amino acids in brain tissue 
slices offered an important clue? Of many 
substances tested he found that glutamic acid 
specifically caused a marked reduction in the 
ammonium ion concentration present in the 
medium surrounding the tissue slices, due to 
the action of the enzyme glutaminase which 
synthesized glutamine from glutamic acid and 
ammonia. The enzyme system was reversible, 
was stimulated by the physiological I (+) 
glutamic acid and inhibited by d (-) glu- 
tamic acid. Under this concept, i t  should be 
possible to increase or decrease the ammonium 
ion concentration of the brain and thus control 
its convulsive activity. Experiments to test 
this hypothesis were begun in July, 1942. 

In our studies on the role of ammonium ion 
in the convulsive state, we developed a uniform 
method of production of seizures in rabbits 
by the slow intravenous injection of 2%% 
ammonium chloride solution. One cc per kilo 
of this solution is administered every 5 minutes 
until a generalized convulsion results. All 12 
of the rabbits ( 2  kg) used in these experiments 
had convulsions after 15-25 cc of the solution 
had been injected. The observations were 
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repeated at  weekly intervals to check the 
thresholds. 

We have employed the natural 1 (+) glu- 
tamic acid by intravenous injection in an 
attempt to prevent ammonium convulsions. 
In a series of preliminary experiments, we 
have found l (+) glutamic acid to give com- 
plete protection from the convulsant effects 
of the ammonium chloride solution. In 8 
experiments 50 cc of l (+) glutamic acid (5% 
glutamic acid and 3% sodium bicarbonate) 
was given intravenously shortly before the 
injection of ammonium chloride (also dis- 
solved in sodium glutamate solution) and no 
convulsion resulted in any instance even after 
50 cc of the 2%% solution of ammonium 
chloride was injected. As a control, similar 

experiments with equimolar amounts of l as- 
partic were performed in the same rabbits. 
Aspartic acid fails to protect from the con- 
vulsant activity of ammonium chloride, indi- 
cating the specificity of the glutamic acid 
reaction. 

If I (+) glutamic acid is capable of pre- 
venting ammonium convulsions, it should be 
effective in other types of convulsive activity, 
which are associated with disturbances in 
ammonium metabolism, perhaps including 
human epilepsy. We have injected intra- 
venously as much as 500 cc of 5% l (+) 
sodium glutamate into humans within a few 
hours without any apparent toxic effects. We 
are now investigating its action in human 
epileptic seizures. 
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Blood Histamine in Gastric Cancer and Peptic Ulcer. 
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States  Public 

The production of peptic ulcers in experi- 
mental animals injected with histamine,l and 
the presence of a gastric secretory depressant 
in the extracts of achlorhydric cancerous 
stomachs and juices from such stomachs2 sug- 
gested the investigation of the histamine con- 
tent of the blood of patients with gastric car- 
cinoma and with peptic ulcer. Histamine 
determinations in some cases of Hodgkin’s 
disease, leukemia, and polycythemia Vera are 
also reported. 

Experimental Procedure. The blood sam- 
ples were obtained from adult male patients. 
The diagnosis of gastric carcinoma or of 
gastric ulcer was established at subsequent 
operation and by microscopic examination of 
the tissue. The diagnosis of duodenal ulcer 
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was made clinically on the basis of roentgeno- 
graphic findings, and the cases of hemorrhagic 
and atrophic gastritis were studied roentgeno- 
graphically and gastroscopically. Biopsy of 
the lymph nodes was made in all cases of 
Hodgkin’s disease. 

The histamine content of the whole blood 
was determined by the method of Barsoum 
and Gaddum? as modified by Code.4 The 
values are expressed as pg of free base per 
100 cc of blood. 

As given in Table I, the blood 
histamine in patients with gastric carcinoma 
and with peptic ulcer was between 1.2 and 
8.5 y per 100 cc. There was no difference 
between the two groups, and the values did 
not deviate significantly from the normal 
range, reported to be between 1.8 and 7.8 y 
(average 4.0 y )  in 173 normal individuals 

Results. 
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