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Central GABA-ergic mechanism in stress-induced
gastric ulceration
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1 The effect of exogenous administration of central amino acid neurotransmitters y-aminobutyric
acid (GABA), glycine, glutamic acid and aspartic acid) into the cerebroventricular system was studied
on gastric ulceration induced in albino rats either by 2 h restraint at 4°C or by 6 h restraint at room
temperature (30 ± 2°C).
2 GABA (5, 10, 20 and 50 fig) injected intracerebroventricularly (i.c.v.) showed a dose-dependent
reduction of gastric ulceration induced by 2 h restraint at 4°C (CRU), whereas glycine (5, 10 and 20 fig
i.c.v.) failed to alter this response.

3 Muscimol (5 and lOpg i.c.v.), a GABA agonist, and sodium valproate (400mgkg-'p.o.), which
increases the concentration of GABA in the CNS, significantly reduced CRU.
4 Pretreatment with the GABA antagonists, bicuculline (40 fig i.c.v.) or picrotoxin (5 jg i.c.v.)
reversed the anti-ulcerogenic effects of GABA (50 jLg i.c.v.) and sodium valproate (400 mg kg- p.o.).
5 Bicuculline (20 and 40 jig i.c.v.) and picrotoxin (5 and 1O fig i.c.v.) per se did not induce gastric
ulceration in normal rats but significantly enhanced the minimal ulcerogenic response induced by 6 h
restraint at room temperature.
6 Pretreatment with GABA (i.c.v.) significantly reduced the gastric ulceration induced by i.c.v.
administration of aceylcholine and adrenaline or pylorus ligation.
7 Glutamic acid (20 jg i.c.v.) and aspartic acid (20 jig i.c.v.) did not significantly enhance the minimal
ulcerogenic response induced by 6 h restraint at room temperature.
8 These observations show that GABA in the CNS exerts an inhibitory effect on stress-induced
ulcerogenesis.

Introduction

It is well known that the central nervous system is
intimately concerned in the genesis of stress-induced
gastric ulceration. Bhargava et al., (1980) have repor-
ted that central adrenergic as well as cholinergic
mechanisms are responsible for the activation of
peripheral sympathetic and parasympathetic outflow
in ulcers caused by cold restraint (CRU). Further-
more, adrenaline, noradrenaline and acetylcholine
administered into the lateral cerebral ventricle of the
normal rat induced gastric ulceration similar to CRU,
but dopamine, histamine and 5-hydroxytryptamine
(5-HT) were ineffective. However, the incidence of
stress-induced gastric ulceration is enhanced by cen-
tral administration of 5-HT but not dopamine or
histamine (Gupta et al., 1983). There is convincing
evidence that the amino acids viz. y-aminobutyric acid
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(GABA), glycine, glutamic acid and aspartic acid
serve as central neurotransmitters (De Feudis, 1975;
Johnston, 1978; Watkins & Evans, 1981). However,
the role of central amino acid neurotransmitters in the
pathogenesis of stress-induced gastric ulceration is not
known. Hence, the present study was carried out to
elucidate the central involvement ofGABA and other
amino acid transmitters in stress-induced gastric
ulceration in rats.

Methods

Adult albino rats of either sex weighing 100- 120 g
were divided into groups of ten. Pregnancy was
excluded and the animals were deprived of food for
24 h before the commencement of experiments. The
animals were allowed water ad libitum.
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Stress-induced gastric ulceration

The rats were restrained by tying the fore and hind
limbs together either for 2 h at 4°C (Senay & Levine,
1967) or for 6 h at room temperature (30 + 2°C; Seyle,
1936). The former procedure induced gastric ulcers in
90% of rats and was employed to detect any inhibitory
effect of the exogenously administered agents while
the latter procedure induced ulceration only in 30% of
rats and was employed to study any augmentative
effect. The drugs were administered either into the
lateral ventricle (i.c.v.) through an indwelling poly-
ethylene cannulla or orally 2 h before restraining the
rats. The rats were killed immediately after the
restraint period. The stomach was removed and
examined for evidence of gastric ulceration. The
presence of shedding of epithelium, petichial and
frank haemorrhages, one or two ulcers, multiple ulcers
and perforated ulcers was considered to be a positive
ulcerogenic response and the results were statistically
analysed using the x2 test. To determine the severity of
the ulcerative lesion, an arbitrary scoring system was
used to determine the 'ulcer index', as described by
Bhargava et al. (1980).

Gastric ulceration induced by central administration of
adrenaline and acetylcholine in rats

Adrenaline and acetylcholine in doses of 10 and 20 dLg,
respectively, were injected into the lateral cerebral
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ventricle through an indwelling polyethylene cannula
implanted two days earlier (Bhargava et al., 1980). The
rats were killed 24 h after drug administration and the
stomach was examined for the incidence and severity
of ulceration, as described above.

Shay preparation

Pylorus ligation was carried out according to the
technique of Shay et al. (1945). GABA was adminis-
tered (i.c.v.) before pylorus ligation. The animals were
killed 4 h after pylorus ligation for observation of
gastric lesions. The volume of gastric secretion was
measured and its pH determined using a Philips pH
meter. The results were analysed using Student's t test.
The drugs used in the present study were: y-amino-

butyric acid, glycine, L-glutamic acid, DL-aspartic
acid, muscimol hydrochloride, bicuculline, picrotoxin,
adrenaline bitartrate, acetylcholine chloride and
sodium dipropylacetate (sodium valproate). All the
drugs were dissolved in 0.9% w/v NaCl solution
(saline).

Results

Intracerebroventricular (i.c.v.) administration of
GABA (5, 10, 20 and 50 Ag), glycine (5, 10 and 20 ;Lg),
glutamic acid (20 rLg) and aspartic acid (20 jg) did not
induce gastric ulceration in normal rats.
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Figure 1 Effect of intracerebroventricularly administered GABA, muscimol (Musc) and glycine (Gly) on ulcers
induced by cold restraint (2 h at 4°C) in rats, and reversal of the inhibitory effect ofGABA by i.c.v. bicuculline (Bic) and
picrotoxin (Pic). Each column represents the occurrence of gastric lesions (10 animals = 100%). Number within the
column indicates ulcer index. Open columns represent effects of saline 10 Il (controls). Analysis done using x2 test:
Doses in lAg, administered i.c.v. *P<0.05, **P<0.02 and ***P<0.001 vs. saline (control) treated rats. tSignificant
(P<0.001) reversal of anti-ulcerogenic effect of GABA by bicuculline and picrotoxin.



GABA ON STRESS ULCERS 621

Table 1 Effect of sodium valproate on cold restraint ulcers in rats and the reversal by bicuculline and picrotoxin

Drug treatment
2 h before
restraint
(2 h at 4'C)

Saline (control)
Sodium valproate
Bicuculline

Sodium valproate
Picrotoxin

Sodium valproate

Dose
(p.o.)
0.5 ml

400mgkg-'
40t

400mgkg-'
St

400mgkg-'

No. of rats
with ulcer/
No. of rats
studied

9/10
3/10
9/10

8/10

% with an Ulcer
ulcer index

90
30*
go,

30
10
31

80" 24

t fg administered into lateral ventricle of rat brain.
P<0.001 vs. saline (control).
Pp< 0.001 vs. sodium valproate.

ss P< 0.02 vs. sodium valproate.

Gastric ulceration induced by restraining ratsfor 2 h at
4°C

GABA (5, 10, 20 and 50 big) and muscimol
(5- 10 fig) administered i.c.v. significantly reduced the
ulcerogenic response induced by the cold restraint
technique (CRU) in a dose-dependent manner.
Pretreatment with bicuculline (40 jlg i.c.v.) and
picrotoxin (5 jig i.c.v.) did not significantly alter the

incidence ofCRU but reversed the inhibitory effect on
the ulcerogenic response induced by 50 jig of GABA
(i.c.v.). Glycine up to a dose of20 jig i.c.v. did not alter
the incidence of CRU (Figure 1).

Table 1 shows that restraining rats for 2 h at 4°C
induced gastric ulceration in 90% of animals. Sodium
valproate (400 mg kg-' p.o.) significantly reduced the
incidence of ulcerogenic response from 90% to 30%.
Pretreatment with bicuculline (40 tig i.c.v.) or
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Figure 2 Effect of intracerebroventricularly administered glycine (Gly), glutamic acid (GA), aspartic acid (AA),
bicuculline (Bic) and picrotoxin (Pic) on gastric ulceration induced in rats by restraint for 6 h at room temperature
(30 ± 2°C). Each column represents the occurrence of gastric lesions (10 animals = 100%). Open columns represent
effects of saline 10 lI (controls). Number within the column indicates ulcer index. Doses in jug, administered i.c.v.
*P<0.02 and **P<0.001 vs. saline (control) treated rats.
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Table 2 Effect of i.c.v. pretreatment with GABA on gastric ulceration induced by i.c.v. acetylcholine and adrenaline
in rats

Pretreatment before
ulcerogenic agent
(jig i.c.v.)

Saline
(10p1)
GABA
(50)
Saline
(10 t1)
GABA
(50)

Ulcerogenic
drugs

(fg i.c.v.)

Adrenaline
(10)

Adrenaline
(10)

Acetylcholine
(20)

Acetylcholine
(20)

No. of rats with ulcer/
No. of rats studied

9/10

3/10

9/10

4/10

% with an Ulcer
ulcer index

90 28

30* 9

90 32

40** 10

*P<0.01 and **P<0.05

picrotoxin (5 .tg i.c.v.) significantly reversed this
antiulcerogenic effect of sodium valproate.

Gastric ulceration induced by restraining ratsfor 6 h at
room temperature

The results in Figure 2 show that glycine, glutamic acid
and aspartic acid administered in a dose of 20 fig i.c.v.
did not significantly alter the incidence of gastric
ulceration induced by restraining rats for 6 h at room
temperature.

Bicuculline (20 and 40 jig i.c.v.) and picrotoxin (5
and lOgi.c.v.) did not induce gastric ulceration in
normal rats but significantly enhanced the incidence of
ulcerogenic response induced by restraining rats for
6 h at room temperature (Figure 2).

Gastric ulceration induced by i.c. v. adrenaline and
acetylcholine

The results in Table 2 show that i.c.v. pretreatment
with GABA significantly reduced the incidence of
gastric ulceration induced in rats by i.c.v. adrenaline
and acetylcholine.

Gastric ulceration in pylorus ligated (Shay) rats

Intracerebroventnrcular administration ofGABA sig-
nificantly decreased the gastric secretory volume,
raised the pH and lowered the incidence of gastric
ulceration in Shay rats (Table 3).

Discussion

Central administration of GABA and muscimol, a
GABA agonist, reduced the incidence of gastric
ulceration induced by the cold restraint technique in a
dose-dependent manner (Figure 1). Sodium valproate
(400mg kg-' p.o.) which is known to increase the
concentration of GABA in the CNS (Pinder et al.,
1977), significantly reduced the incidence of cold
restraint ulcers (CRU).

In view of the above findings we explored the
augmentary effect of GABA antagonists, bicuculline
and picrotoxin (Johnston, 1978) on stress-induced
ulcerogenesis. Bicuculline (20 and 40 ig i.c.v.) and
picrotoxin (5 and lOLg i.c.v.) per se did not induce
gastric ulceration in normal rats but they significantly

Table 3 Effect of i.c.v. GABA on gastric secretion, pH and ulceration in pylorus ligated rats

Drug pretreatment
before pylorus
ligation (gig i.c.v.)

Saline (10 Al)
GABA (50)

Mean gastric
secretory volume in

ml (±s.e.)

2.5 ± 0.16

1.6 ± 0.25**

Mean pH
of gastric
secretion
(±s.e.)

3.45 ± 0.13

4.5 ± 0.45*

No. o] rats with ulcerl
No. of rats studied

10/10

5/10

% with an Ulcer
ulcer index

100 32

50* 14

* P<0.05 and ** P<0.01.
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enhanced the ulcerogenic response induced by res-
traint for 6 h at room temperature (Figure 2). Further-
more, pretreatment with i.c.v. bicuculline and
picrotoxin blocked the inhibitory effect ofGABA and
sodium valproate on gastric ulceration (Figure 1 and
Table 1). These findings support the view that GABA-
ergic transmission is inhibitory to stress-induced
ulcerogenesis.
The possibility that the anti-ulcerogenic effect of

GABA, muscimol and sodium valproate is due to
sedation, and the reversal of this effect by bicuculline
and picrotoxin is due to excitation produced by these
agents, seems unlikely since File & Pearce (1981) have
clearly demonstrated a separation between sedative
and antiulcerogenic effects of benzodiazepines. A
quantitative comparison of the anti-ulcerogenic and
sedative activities of several tranquillo-sedatives of
diverse chemical groups has also revealed a lack of
correlation between these two activities (Gupta et al.,
1985).

Scatton & Bartholini (1982) and Scatton et al.
(1982) have shown that the central administration of
GABA has a strong influence on adrenergic, choliner-
gic and 5-hydroxytryptaminergic neurotransmitter
functions in the CNS. They found that GABA and
related agonists (muscimol or progabide) inhibit
acetylcholine and 5-HT transmission and their tur-
nover rate in brain areas of the rats. However, i.c.v.
GABA and muscimol activate noradrenergic
neurones, enhance the synthesis, utilization and tur-
nover rate of noradrenaline in rat brain. Since the
cholinergic and adrenergic systems appear to be

involved in stress-induced ulcerogenesis (Bhargava et
al., 1980), we studied the effect of GABA on gastric
ulceration induced by i.c.v. administration of acetyl-
choline and adrenaline in rats. Pretreatment with i.c.v.
GABA significantly reduced the gastric ulceration
induced by i.c.v. acetylcholine and adrenaline (Table
2). Bhargava et al. (1980) have reported that there is a
central cholinergic link distal to adrenergic activation
in i.c.v. adrenaline-induced gastric ulceration, whereas
only a cholinergic link is involved in i.c.v. acetyl-
choline-induced gastric ulceration. Thus, it appears
that reduction, by i.c.v. GABA, of gastric ulceration
induced by i.c.v. acetylcholine and adrenaline results
from an inhibition of the central cholinergic mechan-
ism. This was supported by the findings that i.c.v.
GABA significantly inhibited gastric secretion, raised
the pH and reduced the incidence of gastric ulceration
in pylorus ligated rats (Table 3) where mainly central
cholinergic mechanisms are involved (Sharma et al.,
1963).
Administration of glycine (5-20 jg i.c.v.), an in-

hibitory amino acid neurotransmitter (De Feudis,
1975), neither altered the incidence ofCRU significan-
tly (Figure 1) nor enhanced the incidence of gastric
ulceration induced by restraining rats for 6 h at room
temperature. Similarly, the excitatory amino acid
neurotransmitters, glutamic acid and aspartic acid
(Watkins & Evans, 1981) did not significantly enhance
the ulceration (Figure 2). Thus, it may be concluded
that central GABA-ergic mechanisms are inhibitory to
stress-induced ulcerogenesis, whereas glycine,
glutamate and aspartate do not appear to be involved.
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