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A significant correlation has been suggested between the y-aminobutyric
acid (GABA) content of the brain and the electroshock seizure threshold (Wood-
bury and Esplin, 1959). Blockade of GABA activity or reduced level of GABA
in the brain has been suggested to be generally involved in causing seizures (May-
nert and Kaji, 1962). The seizure induced by thiosemicarbazide (Sze and Lovell,
1970) and insulin hypoglycaemia (Saad, 1972) are associated with low GABA
levels in the brain. On the other hand, certain anticonvulsants-phenobarbitone,
prominal, primidone, diphenylhydantoin, mesantoin and diazepam have been
reported to increase the brain GABA concentration (Saad et al.. 1972; Saad,
1972a). This property has been suggested to be a probable mechanism by which
anticonvulsant drugs produce their action.

Tranquillising, antidepressant and central nervous system (CNS) stimulant
drugs alter the chemical state of CNS (Schildkraut and Kety, 1967). There has
been few reports about the role of these drugs on the GABA level of the brain.
A correlation between the effects of these drugs and brain GABA concentration
may be helpful in understanding their pharmacological and/or behavioral effects.
We have investigated the level of GABA in the brain of rats after administration of

a select number of drugs representing the tranquillisers, the antidepressants and
the CNS stimulants.

MATERIALS AND METHODS

Chlorpromazine, prochlorperazine, diazepam, trimipramine, methamphetamine
and nikethamide were selected for injection into rats. These were obtained com-

mercially in injectable form and diluted in normal saline when necessary. Authentic
GABA (Sigma) was used for comparison with brain GABA. All other chemicals
used were of analytical reagent grade.

*Preliminary communication upon the work reported was published in Ind. J. Physio/.
Pharmac., 19: 169-170, 1975.
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Drug or control solution (normal saline) was injected intra peritoneally (i.p.)
to Long-Evans rats weighing between 250 to 300 g. The volume of injection was
0.5 ml. The animals were sacrificed at 1 hr., the brain removed in 1 min. and stored at
-20°C until analysis. The method used to determine GABA was based on that des-

cribed by Saad (1970). Wet brain tissue weighing 0.5 g, was homogenised in 10

ml. absolute alcohol and centrifuged at 3000 rpm. for 10 min. Alcoho! was evapora-
ted to dryness on a water bath. The residue was cooled and 2 ml. normal saline

added to it. This was mixed thoroughly and centrifuged at 3000 rpm, for 10 min.
The supernatant was washed with 6 ml. ether followed by 6 mL chloroform. Fi-

nally, 0.5 ml. of supernatant was dried and reconstituted in 25 (1.1.of distilled water.

Spots of 5[.1.1.(representing extraction from 25 mg. wet brain tissue) was applied
to a 4 x 60 cm, band of Whatmar: No. 1 chromatography paper. One dimen-
sional descending chromatogram using phenol water (4 : 1, w/v) as solvent was

run for 8 hrs. The chromatogram was dried, soaked in 0.1 % ninhydrin (in butanol)
and kept at 90° C for 30 min. for maximal colour (pink) development. GABA

was recognised by its Rf value (previously determined with authentic sample).
The spots were cut into small pieces and eluted in distilled water. The optical
density was read at 580 m[.l.in a spectrophotometer (Beckman, Model B).

An exponential curve was constructed with the authentic GABA in concen-
trations between 2 and 40 [.I.gusing the Least Square Method. The concentration

of GABA from different samples of rat brain was calculated directly from the formula:

0.45627 +6.90331 X
y=e

where Y, is the concentration, X, is the optical density and e, is the exponential
function read from the mathematical tables. Test of significance of difference

between GABA lev~1 of control and drug treated groups of rats was determined by
Student's 't' test.

RESULTS

The mean control GABA content in the rat brain was 391 :1:21 [.I.g/g wet
tissue. The effects of different doses of chlorpromazine, prochlorperazine, dia-
zepam, trimipramine, methamphetamine and nikethamide at 1 hr. after i.p. injection
is summarised in Table-I.

Chlorpromazine in doses of 0.2 to 5 mg/kg, and prochlorperazine in doses
of 0.2 and 0.5 mg/kg significantly increased the normal GABA content of the

rat brain (17 to 50% with chlorpromazine, and, 22 and 28% with prochlorperazine),
but doses of 10 mg/kg chlorpromzine, and, 2 and 5 mg/kg prochlorperazine in-
creased the GABA content by only 21, 17 and 3% respectively over the control

level. With still larger doses (25, 50 and 100 mg/kg) of chlorpromazine or pro-
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TABLE I

GABA CONTENTIN THE BRAIN OF RATS I HR. AFTr~ I.P. ADMINISTRATION OF DIFFERENT DOSES'OF CHLORPROMAZINE,PROCHLORPERAZINE,

DIAZEPAM, TRIMIPRAMINE, METHAMPHETAMINEAND NIKETHAMIDE. THE RESULTSREPRESENTMEAN~ SDOF GROUPSOF 10 RATS FOR EACH

DOSEOF EACH DRUG. FIGURES IN PARENTHESISINDICATE % INCREASEOR DECREASEOF GABACONTENTIN RELATION TO THE CONTROLLEVEL.

0.2 50 100

CHLORPROMAZINE I 458:!: 42. 318 :!:22* 219 ~ [0*

PROCHLORPERAZINE I 479:!: 44. 203 :!:II* 192 ~ 8*

DIAZEPAM 507 ~ 38*

TRIMIPRAMINE 280 :!: 17.

METHAMPHETAMINE 271 :!: 17*

498 ~ 38* 5\\ :!: 46*

0%)

NIKETHAMIDE

CONTROLS · SIGNIFICANTLY DIFFERENT FROM CONTROL (P< 0.05)39\ :!: 21
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CONCENTRATION OF GABAIN RAT BRAIN (G/G)

512 46. 556 48. 587 45. 475 43. 340 24*

417 22. 484 :!:42.

314 18. - 293 18*

299 18* - 283 :!: [7*

- 395 29



BMRC. BULLETIN JUNE, 1976

chlorperazine, the GABA content of the rat brain was significantly reduced below
normal level.

Diazepam in doses of 0.5, 2 and 50 mg/kg significantly increased the GABA
content by 7, 24 and 30% respectively.

Trimipramine and methamphetamine in a dose range of 2 to 50 mg/kg

significantly reduced (18 to 28% with trimipramine and 13 to 31 % with metham-

phetamine) the GABA content of rat brain.

Nikethamide in doses of 2 and 5 mg/kg significantly reduced the GABA

content of the rat brain by 35 and 23% respectively. Doses of 25 mg/kg caused an
increase in the GABA content by only 1 %. Larger doses (50 and 100 mg/kg)

of the drug significantly increased the GABA level by 27 and 30 % respectively.

DISCUSSION

The mean control GABA content of 391 ::J=21 [.I.9/9 wet brain tissue is in

agreement with other workers (Kar and Matin, 1972).

The alterations in the normal GABA content of rat brain with different doses

of chlorpromazine or prochlorperazine seem to reflect the activity of the CNS on
the size of the dose used. The quantitatively reduced increase of the GABA

level with 10 mg/kg chlorpromazine or 2 and 5 mg/kg prochlorperazine (Table 1)

compared to 5 mg/kg chlorpromazine or 0.5 mg/kg prochlorperazine may be indi-
cative of a change in the activity of the CNS. Chlorpromzine in doses of 20 mg/
kg has been found to cause high voltage discharges in the hippocampus and amyg-
dala (rhinencephalic seizure activity), and with still larger doses (35 to 40 mg/kg),

the seizure activity spreads to the cortex (Bradley, 1963). In the light of these
observations, the reduction in the brain GABA leve! below normal with large doses

(25 to 100 mg/kg) of chlorpromazine or prochlorperazine (Table 1) may be due to
a state of stimulation of the CNS.

The major locus of action of diazepam is at the brain stem reticular system.

It depresses the duration of electrical after discharge in the limbic system including
the septal region, the amygdala and the hippocampus (Przybyla and Wang, 1968).
The present results (Table 1) of increased GABA content of rat brain with diazepam
(in doses of 0.5 to 50 mg/kg) correlates with the tranquillising and anticonvulsant
effects of the drug.

Trimipramine and amphetamine caused a fall in the brain GABA level (Table 1)
over a wide dose schedule (2 to 50 mg/kg). Both the drugs have been success-

fully used in depressed patients to elevate mood. The stimulant effects of the
drugs agree with the lowering of GABA level in the rat brain.

Nikethamide stimulates all levels of the cerebrospinal axis (Esplin and Es-

plin, 1970). Injection of large doses of the drug produce convulsions followed
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by depression (Slater, 1973). The characteristic changes in the brain GABA con-
centration of rats (reduction below normal level with doses of 2 and 5 mg/kg and
increase above normal level with 50 and 100 mg/kg of nikethamide) observed in
the present study (Table 1) may be due to the two phases (stimulation and de-
pression) of the drug's action on the CNS.

The present study indicates that a correlation exists between the amount

of GABA in the brain and the state of activity induced by drugs (including psy-
chotropic drugs) on the CNS. While stimulation of CNS or mood elevation is
associated with low level of brain GABA, an increased level accounts for CNS

depression.

SUMMARY

The level of y-aminobutyric acid (GABA) was determined in the brain of rats
1 hr. after i.p. injection of chlorpromazine, prochlorperazine, diazepam, trimipramine,
methamphetamine and nikethamide. Diazepam increased, and, trimipramine and
amphetamine decreased the brain GABA level over wide dose ranegs. Low doses
of chlorpromazine and prochlorperazine increased but high doses of the drugs
reduced the GABA level. Low doses of nikethamide reduced whereas high doses
increased the level of GABA The effects of the drugs have been discussed in
relation to the brain GABA level.
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