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Evidence that ethylenediamine acts in the isolated

ileum of the guinea-pig by releasing endogenous
GABA

D.1.B. Kerr & Jennifer Ong

Department of Physiology, University of Adelaide, Adelaide, South Australia 5000, Australia

1 Ethylenediamine (EDA) released [*H]-y-aminobutyric acid ([*H]-GABA) in a dose-dependent
manner from the isolated preloaded ileum of the guinea-pig maintained in Krebs-bicarbonate
solution (pH 7.4, 37°C), in the presence of B-alanine and amino-oxyacetic acid (AOAA) to prevent
GABA uptake into glial cells and catabolism. This release was reversibly prevented by 3-
mercaptopropionic acid (3-MPA), also in a dose-dependent manner.

2 In the isolated ileal preparations of the guinea-pig maintained in Krebs-bicarbonate solution,
EDA induced a dose-dependent transient, cholinergic contractile response (GABA 4-receptor-
mediated effect), followed by an ‘after-relaxation’ (GABAg-receptor-mediated effect). EDA also
induced a transient contraction superimposed on repetitive twitch responses to electrical transmural
stimulation of the cholinergic neurones, followed by a depression of the twitch contractions.

3 This GABA,-receptor-mediated contraction was antagonized by bicuculline methochloride and
picrotoxinin, whilst the GAB Ag-receptor-mediated ‘after-relaxation’, and depression of cholinergic
twitch contractions, was susceptible to antagonism by dé-aminovaleric acid. The pA, value for
bicuculline methochloride antagonism of EDA was estimated to be 5.8, identical with that for
GABA.

4 3-Mercaptopropionic acid also prevented these pharmacological actions induced by EDA
without affecting responses to GABA, 3-aminopropranesulphonic acid, muscimol, baclofen or the
twitch responses to transmural stimulation.

5 It is concluded that EDA releases both [P H]-GABA and endogenous GABA in the guinea-pig

ileum, thus providing further evidence that GABA is a transmitter in the enteric nervous system.

Introduction

It has been suggested that y-aminobutyric acid
(GABA) is a neurotransmitter in the enteric nervous
system (Jessen et al., 1979; 1983; Miki et al., 1983),
where GABA induces GABAA- and GABAg-
receptor-mediated responses in the isolated ileum of
the guinea-pig (Bowery et al., 1981; Giotti et al.,
1983; Ong & Kerr, 1983), and is evidently involved
in the control of intestinal motility (Krantis & Kerr,
1981c; Ong & Kerr, 1983). In both the central and
peripheral nervous systems, ethylenediamine (EDA)
has a direct action in mimicking closely bicuculline-
sensitive responses to GABA (Perkins et al., 1981),
and induces the release of GABA from brain slices
(Forster et al., 1981; Davies et al., 1983). In the
guinea-pig ileum, EDA elicits both GABA,-and
GABAGg-receptor-mediated responses, which has

been suggested to result from the release of endogen-
ous GABA from neurones of the myenteric plexus
(Kerr & Ong, 1982) rather than by EDA having a
direct action at these GAB A-receptor sites. In order
to confirm that the actions of EDA are indeed due to
the release of endogenous GABA in the guinea-
pig ileum, we have now employed 3-
mercaptopropionic acid (3-MPA) which prevents
GABA release from brain cortical slices (Fan et al.,
1981), and here show that 3-MPA not only prevents
the EDA-induced release of [*’H]-GABA from the
preloaded myenteric plexus of the guinea-pig ileum,
but also prevents EDA-induced GABAergic re-
sponses in the ileum without affecting those elicited
by GABA or its analogues.
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Methods
PHJ-GABA release by ethylenediamine (EDA)

Guinea-pigs of either sex, weighing between
200-400g, were stunned by a blow on the head and
bled. Segments of the ileum, 3—-4 cm in length, taken
2-3cm from the ileo-caecal valve, were quickly re-
moved and emptied of their contents. The tissues
were incubated for 10—-20 min in aerated Krebs solu-
tion (95% O, and 5% CO,, pH 7.4, 37°C) of the
following composition (mM): Na*151.0, K*4.6,
Mg?*2.8, Cl~134.9, HCO;24.9, H,PO, 1.3,
SO42~ 0.6, glucose 7.7. The tissues were then trans-
ferred to 5ml Krebs solution, containing [*H]-
GABA (10nM) (66 Cimmol™!), amino-oxyacetic
acid (0.1 mM), and B-alanine (1 mM) for 20 min at
37°C. Amino-oxyacetic acid and p-alanine were sub-
sequently present throughout each experiment to
minimize metabolism of [’H]-GABA and to prevent
its uptake into glial-cells (Krantis & Kerr, 1981b).
The tissues were then removed, blotted to remove
excess incubating medium and suspended in glass
perfusion chambers. After washing the tissues re-
peatedly over an equilibration period of 60 min to
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establish a basal efflux of [’ H]-GABA, 2 ml fractions
of the superfusate were collected over 2 min periods.
EDA at varying doses was then added to the medium
and 2ml samples again collected. In experiments
where 3-MPA was used, it was added to the superfu-
sate at least 5 min before a dose of EDA was added.
Radioactivity was determined with liquid scintilla-
tion spectrometry, and has been expressed as d.p.m.
after correction for quenching by EDA and 3-MPA.
All experimental procedures were run in duplicate
and were repeated at least twice, with at least 6
tissues being used from a minimum of 3 animals.
Statistical analysis using Student’s ¢ test for paired
and unpaired samples was done to assess the signifi-
cance of differences between the means of samples.

Guinea-pig isolated ileal preparations

Segments of guinea-pig isolated ileum, removed as
described above, were mounted vertically in a 10 ml
organ bath containing normal Krebs-bicarbonate
solution. Mechanical activity of the longitudinal mus-
cle of the tissue was recorded isometrically at a
resting tension of 1g, using a Grass Model FTO3
force transducer coupled to a Grass polygraph recor-
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Figure 1 Dose-dependent release of [PH]-GABA by ethylenediamine (EDA) in the preloaded isolated ileum of
the guinea-pig. Segments of ileum were incubated for 20 min in Krebs-bicarbonate solution (pH 7.4, 37°C)
containing [*H]-GABA (10nM; 66 Cimmol~!), amino-oxyacetic acid (0.1 mM) and B-alanine (1 mMm). EDA was
present for 2 min in the perfusion chamber before 2 ml samples were collected and radioactivity determined using
liquid scintillation spectrometry, the results being expressed as d.p.m. 3-Mercaptopropionic acid (3-MPA) added to
the chamber for 5 min prevented the release of [?H]-GABA by EDA, also in a dose-dependent manner; after
washing out the 3-MPA from the tissues, as indicated, [’H]-GABA was released by EDA as before. Amino-
oxyacetic acid and B-alanine were present throughout the experiment. Each column represents the mean of at least

10 values, with the vertical line showing s.e.mean.
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der. Effects of drug treatments were examined on the
resting tissue or on electrically evoked contractions
of the tissue stimulated by a pair of parallel platinum
electrodes positioned around the tissue segment in
the bath. Single pulses (duration 0.1 ms, supramaxi-
mal voltage) resulting in a single twitch contractile
response, or repetitive twitch contractions (frequen-
cy 0.1Hz), were delivered from a Grass S48
stimulator to give transmural stimulation of choliner-
gic intrinsic neurones.

Tissues were allowed to equilibrate for 60 min in
the organ bath before any drug application or electri-
cal stimulation. Drugs were applied within
15-20 min intervals, depending on the recovery of
the tissue responses to baseline, and they remained in
contact with the tissue for 1-2 min or more, depend-
ing on the experiment, before wash-out. All antagon-
ists were added at least 5—10min before agonists
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were tested, and drug volumes used were never more
than 1% of the bath volume. Student’s ¢ test for
paired and unpaired samples was used to assess the
significance (P < 0.05) of differences between mean
values of the dose-response effects.

Chemicals

2,3-[°H]-GABA was obtained from Radiochemical
Centre, Amersham; GABA, 3-aminopropane-
sulphonic acid, ethylenediamine dihydrochloride
(EDA), amino-oxyacetic acid, B-alanine, atropine
sulphate, tetrodotoxin (TTX), picrotoxinin (dissolv-
ed in 1:9 absolute alcohol and distilled water)
d-aminovaleric acid and muscimol were from Sigma;
baclofen (Ciba-Geigy); bicuculline methochloride
was from Pierce, and 3-mercaptopropionic acid
(3-MPA) was from Koch-Light.
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Figure 2 Isolated ileal preparations of the guinea-pig were set up in an organ bath containing Krebs-bicarbonate
solution (pH 7.4, 37°C). Ethylenediamine (EDA, 1mM) elicited a transient longitudinal contractile response
followed by an ‘after-relaxation’. (a) Bicuculline methochloride (BMC) (10 uM) antagonized the contractile
response induced by EDA without affecting the ‘after-relaxation’ or the response to transmural stimulation
(TS:0.1 ms duration, supramaximal voltage) as indicated by (M). (b) -Aminovaleric acid (DAVA) (500 um)
antagonized the ‘after-relaxation’ induced by EDA without affecting the initial contractile component or the
response to TS. All antagonists were left in the bath for 10 min before EDA was applied. (@) Indicates tissue
wash-out after each drug application. The number of experiments performed in each case was at least 6.
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Figure 3 Dose-response curve of the longitudinal contractile response induced by (®) ethylenediamine (EDA) in
the isolated ileum of the guinea-pig, maintained in Krebs-bicarbonate solution. In the presence of different
concentrations of bicuculline methochloride 5 puM (O); 10 uM (A); S0 um (O), the curve was shifted to the rightin a
parallel fashion; estimated pA; value = 5.8. The results are expressed as a mean of the percentage of the maximal
contraction induced by EDA, with each point representing the mean and vertical lines s.e.mean (n= 8).
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Results (0.1mM) and B-alanine (1mM), and subsequent

washing in normal Krebs solution, the basal or resting
Release of PH]-GABA from preloaded ileum by efflux of tritium from the tissues had declined to a
ethylenediamine (EDA) low, steady level. As seen in Figure 1, addition of

EDA to the superfusing medium induced a dose-
Within one hour of loading the tissue with [°H}- dependent release of [PH]-GABA. When 3-MPA
GABA in the presence of amino-oxyacetic acid (mM) was added to the superfusate for 5 min before
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Figure 4 Repetitive twitch contractions (0.1 Hz, supramaximal voltage) of the guinea-pig ileum were elicited by
electrical stimulation of the cholinergic neurones. Ethylenediamine (EDA, 1 mM) caused a transient superimposed
contractile response followed by a depression of the twitch contractions. Picrotoxinin (Pic) (10 uM) antagonized the
superimposed contractile response without affecting the depression of the twitch contractions by EDA. Pic was left
in the bath for at least S min before EDA was applied to the bath. The number of experiments performed was 8, and
(@) indicates tissue wash-out.
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Figure 5 Using the electrically stimulated isolated segments of the guinea-pigileum (0.1 Hz, 0.5 ms, supramaximal
voltage), ethylenediamine (EDA, 1 mm) elicited a contractile response superimposed on the repetitive twitch
contractions, followed by a depression of their amplitude. This depression was antagonized by §-aminovaleric acid
(DAVA, 500 um) without affecting the superimposed contractile response. The dose-response curve for the
depression of the twitch contractions by EDA in the isolated ileum of the guinea-pig was shifted to the right in a
parallel manner by §-aminovaleric acid (500 uM). (A) Control inhibition of responses by EDA, (A) inhibition in the
presence of d-aminovaleric acid. Results are expressed as a percentage of the maximum inhibition of the twitch
contractions induced by EDA. Each point is the mean and vertical lines show s.e.mean of at least 6 values obtained
with 6 tissues using a minimum of 3 animals. In all experiments, §-aminovaleric acid was left in the bath for S min
before a test dose of ED A was applied. (@) Indicates tissue wash-out after drug application.

the addition of EDA, this release of [*’H]-GABA was
prevented in a dose-dependent manner. After wash-
ing out the 3-MPA with normal Krebs for 10 min, the
EDA-induced release of [’H]-GABA was again ob-
served.

The effects of ethylenediamine (EDA ) on isolated ileal
preparations

In all subsequent experiments, GABA was not ap-
plied to the bath before the addition of EDA. A

transient dose-dependent contractile response was
induced by EDA (1 mM) and this was followed by a
relaxation (‘after-relaxation’) in the unstimulated
ileum (Figure 2). These contractions were choliner-
gic and neurogenic in origin, being abolished by
atropine (0.1 puM) and TTX (0.1 uM). The contractile
response was also sensitive to bicuculline methoch-
loride (10 uM), a specific GABA 4-receptor antagon-
ist that has no effect on responses to ACh or trans-
mural stimulation of cholinergic neurones (Krantis &
Kerr, 1981a), but the ‘after-relaxation’ was unaf-
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fected by bicuculline (Figure 2a). The dose-response
curve for the contraction elicited by EDA was dis-
placed to the right in a parallel fashion by bicuculline
(Figure 3), with a pA, value of 5.8. Picrotoxinin
(10 uM) also antagonized the ED A-induced contrac-
tile response, without affecting the ‘after-relaxation’,
but the GABAGg-receptor antagonist §-aminovaleric
acid (500 uM) prevented the ‘after-relaxation’ phase

initial contractile component or the response to the
transmural stimulation (Figure 2b).

The effects of ethylenediamine (EDA) on repetitive
twitch contractions of the ileum

When repetitive twitch contractions of the ileum
were challenged with EDA at varying concentra-

of the ileal response to EDA without affecting the tions, both GABA,- and GABAg-receptor-
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Figure 6 Effects of 3-mercaptopropionic acid (3-MPA) on responses induced by GABA, baclofen (BAC) and
ethylenediamine (EDA) in the isolated ileum of the guinea-pig maintained in Krebs-bicarbonate solution: (a) Both
GABA (50 um) and EDA (1 mM) induced a transient contractile response followed by a prolonged ‘after-relaxation’
in the unstimulated ileum. 3-MPA (1 mMm), applied by divided doses at least 10 min before transmural stimulation or
any drug application, prevented the ED A-induced response without affecting responses to GABA or to transmural
stimulation of cholinergic neurones (0.1 ms duration). Upon wash-out of 3-MPA (@), the EDA-induced response
recovered within 510 min. The number of experiments performed was 6. (b) Using repetitive twitch contractions of
the isolated ileum (0.1 Hz), 3-MPA (1 mM) prevented the EDA (1 mM)-induced responses (superimposed contrac-
tile response followed by a depression of the twitch contractions), n=5. (c) 3-MPA (1 mMm) did not affect the
bactofen (50 uM)-induced depression of twitch contractions in the same isolated ileal preparations, n=6. (@)

Indicates tissue wash-out in each experiment.
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mediated actions were observed. There was first a
GABA -receptor-mediated contraction superim-
posed on the twitch contractions, which was followed
by a delayed depression of the twitch responses
(GABAg-receptor-mediated). The superimposed
contraction was antagonized selectively by bicucul-
line (10 uM) or picrotoxinin (10 pM), whilst the de-
layed depressant action was unaffected by these an-
tagonists (Figure 4). Conversely, the dose-dependent
depressive effect of EDA on twitch contractions was
antagonized by §-aminovaleric acid (500 pM) but the
superimposed contraction was not inhibited. This
antagonism by d-aminovaleric acid caused a parallel
displacement, to the right, of the dose-response curve
for the EDA-induced depression of electrically eli-
cited twitch contractions, indicating a competitive
antagonism (Figure 5).

Prevention of the effects of ethylenediamine (EDA) in
the ileum by 3-mercaptopropionic acid (3-MPA)

Both the GABA4- and GABAg-receptor-mediated
actions induced by EDA in the ileum were prevented
by 3-MPA (Figure 6a). 3-MPA was added in divided
doses to a total of 1 mM over 3—5 min, then left in the
bath for a further 5 min before responses to EDA,
GABA, 3-aminopropanesulphonic acid, muscimol
or baclofen were elicited. Only the responses to EDA
were specifically prevented by 3-MPA (Figure 6a),
its action being dose-dependent with a threshold
concentration around 50puM. It was necessary to
increase the doses of 3-MPA gradually to a final
concentration of 1 mM, since a single application at
1 mM caused non-specific depressive effects on single
twitch response to transmural stimulation of the
ileun. The inhibitory effects of 3-MPA on EDA-
induced responses declined after it had been in the
bath for 15-20 min, but could be reinstated by addi-
tional doses, which suggests that 3-MPA was ren-
dered inactive in the bath rather than the tissue
becoming desensitized to it. Both the GABA- and
GABAGjg-receptor-mediated actions of EDA on the
ileum returned after washing 3-MPA from the bath.
Using repetitive twitch responses to transmural
stimulation in the ileum, 3-MPA (50-500 uM) had
no depressive effect on the twitch contractions but
prevented in a dose-dependent manner the responses
to EDA. As shown in Figure 6b, 3-MPA (1 mM)
blocked the GABAg-receptor-mediated depression
of the twitch contractions induced by EDA (1 mM)
without affecting the GABAg-receptor-mediated in-
hibition induced by baclofen (50 uM) (Figure 6c).

Discussion

EDA releases [1*C]-GABA from preloaded brain
slices (Lloyd etal., 1982), and has now been shown to

release [P H]-GABA from preloaded guinea-pig ileal
preparations. The latter release was blocked by 3-
MPA which both inhibits GABA synthesis (Lamar,
1970; Karlsson et al., 1974) and prevents GABA
release through a mechanism that is rapid in onset
(Fan et al., 1981). In the present experiments not
only was [PH]-GABA release prevented by 3-MPA
but it also prevented the GABAA- and GABAg-
receptor-mediated responses induced by ED A, with-
out affecting responses of the ileum to GABA, mus-
cimol, 3-aminopropranesulphonic acid, baclofen or
transmural stimulation of cholinergic neurones.
Hence, we conclude that 3-MPA also prevents an
EDA-elicited release of endogenous GABA from
neurones of the enteric nervous system, without af-
fecting cholinergic neurotransmission. This suggests
that EDA acts by releasing endogenous GABA
rather than by acting as a GABA-mimetic as has
been reported by Perkins et al., (1981). Here, the
released endogenous GABA resulted in GABA4-
receptor-mediated contractile responses in the ileum
which were sensitive to bicuculline and picrotoxinin
as with exogenous GABA (Krantis & Kerr, 1981a).
The released GABA also activated GABAg-
receptors, leading to an ‘after-relaxation’ and a de-
pression of cholinergic responses to transmural
stimulation through a bicuculline-insensitive and
Cl™-independent mechanism, presumably by a re-
duction in transmitter output (Bowery etf., 1981;
Kleinrok & Kilbinger, 1983). 6-Aminovaleric acid, a
GABAg-receptor antagonist (Muhyaddin et al.,
1982), competitively antagonized this GABAg-
action induced by ED A, as shown by the parallel shift
of the dose-response curves. Although EDA is de-
scribed as being almost equipotent with GABA in
depressing neuronal firing, and to be more sensitive
than GABA to antagonism by bicuculline in brain
cortical slices (Perkins etal., 1981), in contrast, it was
less potent (approximately 100 fold) than GABA in
the guinea-pig ileum, with a pA, value (5.8) for
bicuculline-induced antagonism identical to that
found for exogenous GABA (Krantis & Kerr,
1981a), which also argues against a direct agonist
effect of EDA in the ileum. The GABA released by
EDA must have been of endogenous origin since
particular care was taken not to pre-expose the intes-
tine to any exogenous GABA before testing the
effects of EDA.

Levels of GABA can be manipulated in the central
nervous system by using 3-MPA or thiosemicar-
bazide as inhibitors of GABA synthesis (Meldrum,
1982), which suggests that one could use these agents
in order to investigate the effects of altered GABA
metabolism in the intestine. But in this system, 3-
MPA evidently acts by preventing GABA release
rather than by inhibiting its synthesis, since the dura-
tion of action of 3-MPA was short, with a rapid onset
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and similarly rapid recovery after washout. However,
we have already found that thiosemicarbazide will
abolish EDA-induced GABAergic responses in the
guinea-pig ileum by blocking GABA synthesis (Kerr,
et al., 1983). Thus, alteration of endogenous GABA
levels in the intestine, through varying its metabolism
will affect EDA actions, as does preventing GABA
release with 3-MPA, again emphasising that EDA
acts indirectly in the ileum by releasing endogenous
GABA.

Recently much evidence has accumulated in
favour of GABA being a neurotransmitter in the
enteric nervous system. Most importantly, GABA
and its metabolic enzymes are present in the myen-
teric plexus of the entire intestine (Jessen etal., 1979;
Miki et al, 1983). The plexus also contains high
affinity uptake sites, characteristic of GABAergic
neurones, that can be demonstrated by autoradiog-
raphy after labelling with [PH}]-GABA (Jessen et al.,
1979; Krantis & Kerr, 1981b). Following such high
affinity uptake [*H]-GABA is released from
neurones of the plexus by electrical stimulation, the
release being TTX-sensitive and Ca?*-dependent
(Taniyama et al., 1982; Jessen et al., 1983; Kerr &
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