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Effect of Drugs on Amino Acid Levels in Brain: Excitants and 
Depressants. (26446) 
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.Previous studies on the action of drugs on 
amino acid levels in the brain have brought 
to light a variety of effects. Okumura, e f  01. 
( 1 ), using ion exchange chromatography to 
analyze brain amiflo acids. found that re- 
peated injections of chlorpromazine produced 
a rise in glutamine, aspartic acid and -1- 
aniinobutyric acid (GABA) . Repeated elec- 
troshock treatment and repeated injections of 
,3-phenylisopropylmethylamine produced no 
marked changes in free amino acid levels. al- 
though the latter produced an increase in S- 
acetylaspartic acid. That a reduction occurs 
in the level of GABA in brains of rats 
treated with semicarbazide was demonstrated 
by Killam and Bain(2), but this effect was 
not observed in animals with seizures induced 
by pentylenetetrazole. Baxter and Roberts 
(3)  found significant increases in GABA lev- 
els in brains of rats treated with hydroxyla- 
mine. 

The effect of 4 hypoglycemic agents on free 
amino acid levels in the rat brain has been 
described(4). The present paper describes 
results obtained by applying the same analy- 
tical procedures(5) to a study of a larger 
group of agents affecting the central nervous 
system. These were divided into compounds 
exerting a predominantly stimulating effect 
(including the so-called hallucinogens, mes- 
caline and LSD) and compounds exerting a 
predominantly depressing effect (hypnotics, 
analgesics and “tranquilizing” agents) . 

Experimental. A. Design of experiments. 
Wistar rats (250 g males) were fasted 24 

hours, then injected with the material to be 
tested dissolved in normal saline. Amounts 
injected varied and have been recorded under 
Results. The amount of time allowed for the 
drug to act also varied. In every experiment 
6 groups of 5 rats were used, the experiment 
being so designed that 2 groups functioned 
as controls (injected with normal saline), 2 
groups received one compound to be tested, 
and the remaining 2 groups received the sec- 
ond compound to be tested. Thus each ex- 
periment consisted of 30 rats distributed as 
shown below: 

Compound Compound 
( i roup Control A B Total 

I 5 5 5 15 
TI 5 5 5 15 

10 10 10 30 

Each of these unit experiments was re- 
peated 2 or more times, the brains being ex- 
tracted in one experiment with picric acid 
and in the other with alcohol. Both extrac- 
tion procedures and chromatographic meth- 
ods of determining amino acid levels have 
been described ( 5) .  

Estimations of the significance of treat- 
ment effects were made by the method of 
paired replicates as described by Snedecor 
(6). This involved obtaining the difference 
in density reading between each of the 
treated groups and its own control in each 
experiment. From the sum of such differ- 
ences derived from all the experiments car- 
ried out, a mean difference was obtained, the 
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standard error of which was used to obtain 
a value for t and a corresponding value for P. 
Increases or decreases in amino acid levels 
have been expressed as percentages of the 
relevant controls and the significance of the 
changes, calculated as described above, has 
been recorded. Following accepted usage 
values of P of .001 or less have been regarded 
as highly significant, between .Ol and .001 as 
significant and between .05 and .01 as pos- 
sibly significant. 

Results. A. Stimulants. The effects on 
brain amino acid levels of 10 agents exerting 
a predominantly stimulating effect on the 
central nervous system are shown in Table I. 
The following clinical effects and significant 
changes in amino acid levels were observed. 

Pentylenetetrazole ( 100 mg/kg) produced 
severe convulsions. The rats were killed 30 
minutes after injection when these convul- 
sions were at  their height. Significant 
changes in amino acid levels (expressed as 
percentages of controls) were glutamic, 87% 
(P<.Ol) ; glutamine, 113% (P<.02) ; ala- 
nine, 184% (P<.OOl). A rise in ethanola- 
mine (145%), though large, was of question- 
able significance. 

Semicarbazide (500 mg/kg) produced con- 
vulsions 45 to 60 minutes after treatment. 
Rats were killed during these convulsions. 
Significant changes in amino acid levels were 
GABA, 62% (P<.OOl) and alanine, 119% 

Strychnine (4 mg,/kg) produced severe 
convulsions 10 minutes after injection. The 
rats were killed during these convulsions. A 
significant rise took place in the level of 
alanine (166%, P< .01). A rise in GABA 
( 1 15 o/o ) was of questionable significance. 

Picrotoxin ( 1 2  mg/kg) produced convul- 
sions during which the animals were killed. 
The rise in level of alanine was highly sig- 
nificant (151%, P<.OOl). The rise in phos- 
phoethanolamine (141%) was not consis- 
tent enough to be significant. 

Electroshock (150 mA) was applied di- 
rectly to the cornea for 0.3 seconds. Rats 
went into convulsions followed by coma. 
Half of the rats were killed during the con- 
vulsions (about 30 seconds after shock), the 
other half as they were recovering from the 

(P<.Ol). 



c'oma (about 15 minutes after shock). In the 
I m i n s  of rats killed during convulsions there 
was a rise in alanine ( 128%, P< .02). In the 
brains of rats killed during the recovery stage 
this rise was still present (alanine, 131%). 
The rises in phosphoethanolamine observed 
were of doubtful significance. 

Caffeine (240 mg/kg) did not produce any 
chvious excitation in the rats which were 
killed 1% hours after injection. A rise in 
alanine ( 1 1  5 % )  was observed but its signifi- 
cance was doubtful. Pheniprazine (80 mg/ 
kg)  produced excitement in the rats which 
became extremely vicious. They were killed 
2,!4 hours after injection. A rise in level of 
alanine to 130% of controls was highly sig- 
nificant ( P  .OOl). A rise in level of ethanol- 
amine ( 1 1  77%) was of questionable signifi- 
cance. Amphetamine ( 100 mg/kg) produced 
extreme excitement in the rats which were 
killed while in the excited state. A rise in 
danine to 14870 of control value was highly 
significant (P<.OOl). A fall in GABA to 
83% was apparently significant ( P  0 1 )  but 
cwnsiderable variation occurred in the magni- 
tilde of this effect in cifferent experiments. 

The effects of 2 hallucinogenic drugs on 
hrain amino acid levels were compared. Mes- 
caline (240 mg/kg) produced extreme excite- 
ment in the rats which fought so viciously 
that they had to be separated. They were 
killed while in the excited state. A rise in 
alanine (130%) was significant (P< .01). A 
fall in glutathione (8676) was of doubtful 
significance. Lysergic acid diethylamide 
(200 pg/kg) did not have an outwardly ob- 
servable effect on the rats. They were killed 
2 ,I, i hours after injection. No significant 
changes in level of their amino acids could be 
( letec ted. 

J3. Depressants. The effects of 2 hypnotic 
agents on brain amino acid levels were com- 
I)ared. Phenobarbital (120 mg/kg) reduced 
the rats to a state of somnolence in which 
condition they were killed 3% to 4 hours 
after injection. A fall in glutamic acid to 
86% of controls was significant (P<.Ol)  and 
a fall in level of GABA to 88% was also sig- 
nificant (P< 0 1 ) .  Chloral hydrate (240 
mg,/kg) did not produce observable effects 
on the rats which were killed 3 5  to 4 hours 
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after injection. No significant changes in 
brain amino acid levels could be detected in 
animals treated with this drug. 

Acetazolamide (500 mg/kg) did not pro- 
duce observable physiological effects but low- 
ered the level of brain glutamic acid to 84% 
of control value (P< .01) and lowered GABA 
level to 82% (P nearly .02). Diphenylhy- 
dantoin (400 mgJkg) also produced no ob- 
servable effect and did not significantly alter 
levels of brain amino acids. 

The effects of 4 tranquilizing agents were 
compared. Meprobamate (260 mg/kg) pro- 
duced symptoms of ataxia in the rats which 
were sacrificed *3% hours after injection of 
the drug. No significant changes in levels of 
amino acids could be detected in the brains 
of these animals. Chlorpromazine (100 mg/ 
kg) induced a semi-comatose condition in the 
rats which were sacrificed 4 hours after in- 
jection. A rise in glutamine to 141% of con- 
trol level was highly significant (P< .001). 
A rise in alanine to 118% was also significant 
(P nearly .001). Methoxypromazine (200 
mg/kg) produced drowsiness in the animals 
which were sacrificed 4 hours after injection. 
Like chlorpromazine this drug produced a 
rise in level of brain glutamine ( 120%) which 
was significant. It also produced a signifi- 
cant rise in alanine (130%, P<.Ol). Reser- 
pine was administered a t  the rate of 50 mg/ 
kg per day for 3 days. The animals re- 
mained asleep for the last 24 hours and were 
sacrificed while in that state. No significant 
changes in brain amino acid levels were ob- 
served. 

One analgesic, morphine, was tested at  2 
dose levels, 240 and 10 mg/kg. At the very 
high level this drug produced a fall in as- 
partic acid to 76% of the controls and of glu- 
tamic acid to 71%. At the lower dose it did 
not produce significant changes in brain 
amino acid levels. 

This study was designed to 
determine whether agents having in common 
a certain type of physiological action would 
also have certain common effects on the me- 
tabolism of the brain as reflected in the level 
of free amino acids in this organ. The 4 con- 
vulsant agents tested had one property in 
common with electroshock. All of them 

Discussion. 

brought about a rise in level of brain alanine 
ranging from 19% increase produced by 
semicarbazide to 84% increase produced by 
pen tylene tet razole. Semicarbazide has al- 
ready been shown by Killam and Bain(2) to 
produce a fall in level of GABA in the brain, 
a finding which is confirmed by the present 
york. Such a fall in GABA was not pro- 
duced by the other convulsants tested. It is 
impossible, for this reason, to attribute the 
convulsant action of all these agents to a 
lowering of the level of GABA. Several of 
these drugs produced rises in level of ethand- 
amine but because of the low level of this 
compound in the brain the significance of the 
rise was questionable. 

The excitant drugs, pheniprazine and am- 
phetamine, shared with the convulsant agents 
the property of increasing brain alanine lev- 
els. Caffeine, a milder excitant, did not have 
this capacity. The hallucinugen, mescaline, 
produced excitation in the rats and also pro- 
duced the rise in brain alanine characteristic 
of excitants. Lysergic acid diethylamide did 
not produce excitation and had no effect on 
alanine levels. 

The hypnotic agent, phenobarbital, pro- 
duced a fall in level of both glutamic acid and 
GABA in the brain, but the chemically un- 
related hypnotic, chloral hydrate, did not 
have this effect. The anti-convulsant, aceta- 
zolamide, resembled phenobarbital in pro- 
ducing a fall in level of glutamic acid and 
GABA, but a second anti-convulsant, diphe- 
nylhydantoin, did not have this effect. Ac- 
cording to Woodbury and Vernadkis(7) in- 
jections of diphenylhydantoin will raise the 
level of GABA in the rat brain provided the 
animals have been adrenalectomized. Baxter 
and Roberts(3) found that “only slight and 
inconsistent elevations in the GABA levels” 
were produced in the brains of rats injected 
with acetazolamide. It does not appear that 
these anti-convulsants can exert their action 
by raising GABA levels. 

The 2 phenothiazine tranquilizers, chlor- 
promazine and methoxypromazine both 
brought about a rise in level of brain gluta- 
mine. Okumura et al. ( 1 )  using chlorproma- 
zine also detected such a rise. A rise in brain 
alanine was also produced by these 2 sub- 
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stances. Neither reserpine nor meprobamate 
produced significant change in level of brain 
amino acids. The analgesic, morphine, 
though it produced a. lowering in aspartic 
and glutamic acid levels when an excessively 
high dose was used, did not exert any effect 
a t  a dose level which was still quite adequate 
to produce analgesia. 

Thus, the only correlation between phar- 
macological activity and biochemical action 
which emerges from this work is that between 
the rise in brain alanine and convulsant or 
excitant activity. Even this is not clear cut 
because the two phenothiazine tranquilizers 
tested both produced a rise in alanine levels 
in the brain although they are not excitants. 
The rise in glutamine produced by chlorpro- 
mazine and methoxypromazine may be char- 
acteristic of phenothiazines in general but 
can hardly be correlated with tracquilizing 
activity as neither meprobamate nor reser- 
pine exerted this effect, 

Siimimr?. 1. Effect of electroshock and 
18 chemical agents (pentylenetetrazole. semi- 
carbazide. strychnine. picrotoxin, caffeine. 
pheniprazine, amphetamine, mescaline. ISD.  
phenobarbital, chioral hydrate. ace t azol- 
amide, diphenylhydantoin, meprobamate. 
chlorpromazine, methoxypromazine, reser- 
pine and morphine) was determined on the 
level of 10 ninhydrin-reacting compounds in 

the rat brain (glutathione, phosphoethanol- 
amine, aspartic acid, glutamic acid, GABA, 
glutamine, glycine -t serine, alanine, taurine 
and ethanolamine) . 2. The convulsant 
agents, pen tylenete trazole, semicarbazide, 
strychnine, picrotoxin and electroshock as 
well as the excitants, pheniprazine, amphet- 
amine and mescaline, brought about signifi- 
cant rises in free alanine in the brain. Low- 
ering of the GABA levels to 6076 of that of 
the controls was brought about by semicarba- 
zide but not by any of the other convulsant 
agents. 3. Two phenothiazine tranqui- 
lizers chlorpromazine and methoxypromazine, 
brought about a significant rise in level of 
brain glutamine. 
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Effects of Quinidine on Triacetin Utilizing Activity of Pancreas.* (26447) 
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Rona and Reinicke( 1) demonstrated that 
serum lipase, using tributyrin as substrate, 
was inhibited by quinine such that the loga- 
rithm of the inhibitor concentration plotted 
against the velocity of the reaction produced 
a straight line. A protective effect of tributy- 
rin was not observed. Later, Hellerman et 
aZ.(2) mentioned that both quinine and ata- 

*This study was supported by a grant from 
Southeastern Heart Assn. and Pennsylvania Heart 
Assn. 

brine inhibited pancreatic lipase reversibly, 
although no data were presented. 

No reports have been seen in the literature 
which describe the action of quinidine upon 
triacetin utilizing activity (TUA). Quini- 
dine, a stereosomer of quinine, appears to 
differ from quinine only in the spatial ar- 
rangement of the asymmetric carbon 3, the 
arrangements of the asymmetric centers, car- 
bons 1, 2 and 4 apparently being identical 
(3) ,  


