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Abstract

Ž .The majority of GABA receptor antagonists have been based on alterations of the acidic moiety of g-aminobutyric acid GABA orB

baclofen, such as the first selective antagonist phaclofen. More recently, a new structural class of compounds derived by p-alkyl
Ž Ž . .substitution in the phosphinic analog of GABA, such as CGP35348 3-amino-propyl- diethoxymethyl -phosphinic acid , have been

introduced as GABA receptor antagonists. The present study examine the influence of a series of structurally related phosphinic acidB

analogues on mechanical activity and their effect on GABA-induced reactions in ileal smooth muscle. In our experiments, GABA exerted
ww Ž . Ž . x xa biphasic contractile-relaxation effect with pronounced dose-dependent characteristics. 3- 1- S - 3,4-Dihydrophenyl ethyl amino -2-

Ž . x Ž . Ž .S -hydroxy-propyl - phenylmethyl -phosphinic acid hydrochloride CGP55845A induced prolonged relaxation without changing the
w w ww Ž . w x x x x xphasic activity of the ileum preparations. 3- 1-R- 2- S -hydroxy-3- hydroxy-4-methoxyphenyl -methyl -phosphinyl -propyl -aminoethyl -

Ž . w wwbenzoic acid CGP62349 did not change the mechanical activity of smooth muscle preparation. Trans 3- 6- Cyclo hexylmethyl-
x x x Ž .hydroxy-phosphinyl -methyl -3-morpholinyl -benzoic acid CGP71982 itself induced smooth muscle contractions. GABA receptorB

antagonists decreased concentration-dependently the relaxation phase of the action of GABA from 50% to 90%. Their effect on the
contractile phase of the action of GABA was quite different—CGP55845A decreased it dose-dependently, whereas CGP62349 and
CGP71982 did not change it significantly. These findings prompted us to assume that the GABA receptor antagonists studied, beingB

phosphinic analogues, probably act on GABA receptors in guinea-pig ileum smooth muscles. q 2001 Elsevier Science B.V. All rightsB

reserved.

Ž . Ž .Keywords: GABA receptor antagonist; GABA g-aminobutyric acid ; Ileum; Guinea pigB

1. Introduction

Data in the literature on the localisation and pharmaco-
Ž .logical effects of g-aminobutyric acid GABA in various

intestinal regions suggest its physiological significance
as an autonomic neurotransmitter in the enteric nervous

Žsystem Kerr and Ong, 1984; Ong, 1987; Pencheva and
.Radomirov, 1993 . Immuno-histochemical studies have re-

vealed GABA-containing nerve fibres and cell bodies
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throughout the gastrointestinal tract with a particularly
Žhigh density in the myenteric plexus Davanger et al.,

.1987 . Based on the anatomical localisation of these fibres
intrinsic to myenteric ganglia or invading circular muscle,
the suggestion was made that GABA may function in

Ž .inter-neuronal communication Hills et al., 1987 . In addi-
tion, electrical stimulation of gut preparations has been

Ž .shown to release GABA Kerr and Krantis, 1983 .
The guinea pig ileum has been widely used as a tool to

study the effects of GABA, mediated through GABA andA
ŽGABA receptors Taylor et al., 1991; Ong, 1987; Bow-B

.ery, 1989 . It is now recognised that GABA acts on the
classical bicuculline-sensitive GABA receptor and onA

GABA receptors, for which baclofen is a specific agonistB
Ž .and phaclofen is a specific antagonist Kerr et al., 1990a .

0014-2999r01r$ - see front matter q 2001 Elsevier Science B.V. All rights reserved.
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Generally, it is believed that GABA is excitatory andA

GABA is inhibitory, but some results are contradictoryB
Ž .Chaudhurl and Ganguly, 1993 . The GABA receptorB

antagonists p-alkyl-substituted GABA derivatives and
Žphosphinic analogues CGP36742 3-amino-propyl-n-bu-

. Ž Žtyl-phosphinic acid , CGP35348 3-amino-propyl- dietho-
. . Ž .xymethyl -phosphinic acid , etc. Kerr et al., 1990b were

studied on an ileal preparation.
The aim of our study was to examine the effects of

phosphinic analogues and GABA receptor antagonists onB

the spontaneous and on the GABA-induced mechanical
activity of guinea pig ileum smooth muscle preparations.

2. Methods

Experiments were performed on smooth muscle prepa-
rations taken from adult male guinea pigs weighing be-
tween 370 and 480 g. The animals were kept under
standard laboratory conditions: temperature, food and
lightrdark cycle. From 15 to 16 h before the start of the
experiment the animals were not fed. The animals were
decapitated under ether anaesthesia. A 10-m length of the
terminal ileum was removed 13 mm above the ileo-caecal
valve. Intraluminal contents were flushed out with Krebs
solution.

2.1. Registration of smooth muscle mechanical actiÕity

Mechanical activity was studied on longitudinal ileum
Žsmooth muscle preparations 11–12 mm long and 1.5–2.0

.mm wide . They were fixed at one end to a plexiglas
Ž .holder and at the other end to a Swema Sweden tensode-

tector. The starting mechanical tension of the ileum was
7.5 mN. The bath was perfused with a modified Krebs

Ž .solution, aerated by carbogen gas 5% CO and 95% O .2 2

The experiments started 40–45 min later. During that time
preparations were washed several times with Krebs solu-
tion. The spontaneous mechanical activity and drug-in-
duced activity were registered isometrically with a Mi-

Ž .crotechna Cech amplifier and recorded with a Linseis
Ž .Germany recorder.

2.2. Drugs, solutions and chemicals

The following chemical substances and drugs were used
Ž .in the experiment: acetylcholine Pharmachim , bicuculline

Ž . Ž .Sigma , caffeine as Coffeine Natrii benzoatis, Sopharma ,
Ž . Ž .dopamine Ginlin Pharma , epinephrine Pharmachim ,

Ž . Ž . Ž .GABA Sigma , picrotoxin Sigma , serotonin Reanal ,
Ž .tetrodotoxin Sigma . The GABA receptor antagonistsB
Ž ww Ž . Ž . x xCGP55845A 3- 1- S - 3,4-Dihydro phenyl ethyl amino -

Ž . x Ž .2- S -hydroxy-propyl - phenylmethyl -phosphinic acid
. Žw w ww Ž .hydrochloride , CGP62349 3- 1-R- 2- S -hydroxy-3-

w x x x xhydroxy-4-methoxyphenyl -methyl -phosphinyl -propyl -

x . Ž waminoethyl -benzoic acid and CGP71982 trans 3- 6-
ww x xCyclohexylmethyl-hydroxy-phosphinyl -methyl -3-mor-

x .pholinyl -benzoic acid were synthesized by Dr. W. Froestl.
All chemicals and drugs were water-soluble with the

Žfollowing exceptions: bicuculline diluted in 0.1 N HCl
.and then adjusted by 0.1 N NaOH to pH 6.5 , picrotoxin

Ž .diluted in a mixture of distilled water and alcohol 9:1 .
All substances used to make a solution for perfusion were
from Merck. The modified Krebs used in our experiments
had the following composition in mM: Naq—139, Kq—5,
Ca2q—2.5, Mg2q—1.1, Cly—144, PO —13, HPO —33 3

and glucose—11.5, pH 7.23–7.26. The pH of the solution
Žwas measured with a Microcomputer pH-meter 6201 Jenco

.Electronics .

2.3. Statistical analysis

Ž .The mean and standard error mean S.E.M. of effects
for each concentration used were calculated, and compari-
son between groups was made by using Student’s t-test

Ž .and ANOVA analysis of variance , using the INSTAT
computer program.

3. Results

3.1. Influence of CGP55845A, CGP62349 and CGP71982
on the spontaneous mechanical actiÕity of smooth muscle
preparations from guinea pig ileum

The CGP compounds influenced the mechanical activity
of isolated guinea pig longitudinal ileal samples. They
were applied at concentrations from 1=10y7 to 1=10y4

M.

( y 6 y 4 )3.1.1. CGP55845A 1=10 –1=10 M induced con-
centration-dependent relaxation

After the application of 10y4 M of the substance, the
relaxation reached a maximum value of 0.7"0.2 mN
Ž .ns6 . The relaxation effects were sustained for more
than 30 min with no significant changes.

3.1.2. The mechanical actiÕity of smooth muscle prepara-
tions did not change in the concentration range 10y7–
10y 5 M CGP62349

At a concentration of 1=10y4 M, CGP62349 induced
a short-lasting contraction. Its maximum value was 0.4"

Ž .0.1 mN ns7 .

( y 6 y 4 )3.1.3. CGP71982 10 –10 M induced a long-lasting
smooth muscle concentration-dependent contraction

After the application of 10y5 and 10y4 M an initial
peak contraction was seen that preceded the long-lasting
contraction. The maximum value of the peak was 2.6"0.8

Ž .mN ns7 and was several times higher than the ampli-
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Ž .tude of the continuous contraction 0.7"0.1 mN . Caf-
Ž y4 .feine 2=10 M completely abolished the CGP71982-

Ž .induced initial peak contraction ns5 . The subsequent
continuous contraction was reduced by caffeine at about

Ž .75% P-0.05 too.
The effects are quantitatively presented in Fig. 1.

3.2. Effects of GABA on the mechanical actiÕity of guinea-
pig ileum

Ž y7 y4 .GABA 10 –2=10 M had a biphasic contractile-
Ž .relaxation effect on the mechanical activity Fig. 2A . This

Ž .effect was dose-dependent Fig. 2B . The contraction part
of the reaction was usually stronger than the relaxation

Ž y4 .part. GABA 2=10 M caused a maximal effect: a
contractile phase of 3.8"0.4 mN and relaxation phase of

Ž .0.8"0.1 mN ns22 .
The duration of the contractile and relaxation phases of

the reaction was not a function of GABA concentration.
These phases lasted 22.6"3.6 and 56.6"4.3 s, respec-
tively.

3.3. Influence of tetrodotoxin on GABA-induced effects

Tetrodotoxin at 1=10y6 M significantly influenced
both phases of the GABA-induced smooth muscle reac-
tion. The change in the contractile phase was more promi-
nent. The results are presented in Table 1.

3.4. Effects of GABA receptor antagonists on GABA-in-A

duced smooth muscle reaction

Ž y4The GABA receptor antagonists bicuculline 1=10A
. Ž y5 .M and picrotoxin 2=10 M significantly minimised

the contractile phase of GABA-induced ileal smooth mus-

Fig. 1. Concentration–effect curves of CGP compound-induced changes
in the mechanical activity of smooth muscle strips from guinea pig ileum.
The mean value of the initial peak of the 10y4 M CGP71982-induced
contraction was taken as 100%. Each point on the graph is the mean"
S.E.M. contraction expressed as a percentage of the CGP71982 contrac-

Ž .tion 100% . The contractile effects caused by increasing concentrations
of CGP compounds were compared for each substance separately. aP-

0.05.

Ž . Ž y4 .Fig. 2. A Record of the effect of GABA 10 M on the mechanical
Ž .activity of a guinea pig ileum longitudinal smooth muscle. B Concentra-

tion–effect curves of GABA-induced contractile-relaxation effects: con-
Ž . y5 Ž . y5trols ns22 and in the presence of 10 M CGP 55845A ns7 , 10

Ž . y5 Ž .M CGP 62349 ns6 and a 10 M CGP 71982 ns6 . The mean
Ž y4 .value of the GABA-induced 2=10 M contractile phase was taken as

100%. Each point on the graph is a mean"S.E.M. expressed as a
percentage of the GABA-induced contraction. The control GABA reac-
tion and equimolar GABA reactions in the presence of CGP compounds

Ž) . Ža.for the contractile phase and the relaxation phase were compared.
a,bP-0.05.

cle reaction. Bicuculline reduced it by more than 86%,
Ž .while picrotoxin reduced it by 95% P-0.05 . At the

same concentrations, these GABA receptor antagonistsA

did not reduce the GABA-induced relaxation. The results
are presented in Table 1.

3.5. Influence of GABA receptor antagonists on GABA-B

induced smooth muscle contraction and relaxation

The GABA receptor antagonists CGP55845A,B

CGP62349 and CGP71982 affected the smooth muscle
reactions induced by 10y7 –2=10y4 M GABA.

( y7 y 4 )3.5.1. CGP55845A 10 –10 M reduced significantly
both phases of the GABA-induced responses

The influence was dose-dependent. The effect on 10y5

M GABA is shown in Fig. 3.
The change in GABA dose-dependent curves in the

presence of 10y5 M CGP55845A is shown in Fig. 2B.
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Table 1
Effects of tetrodotoxin and GABA receptor antagonists on the GABA-induced contraction and relaxation in guinea pig ileum longitudinal smooth muscleA

preparations
The control effects and the effects in the presence of the agents were compared.

y4Agents Concentration, M n GABA 2=10 M

Control After the drug

Contraction, mN Relaxation, mN Contraction, mN Relaxation, mN
y6 ) )Tetrodotoxin 1=10 4 3.63"0.48 0.85"0.12 0.18"0.06 0.40"0.04
y4 )Bicuculline 1=10 4 3.60"1.10 0.78"0.29 0.37"0.08 0.67"0.15
y5 )Picrotoxin 2=10 4 3.79"0.41 0.89"0.17 0.10"0.05 0.69"0.26

3.5.2. CGP62349 in a concentration ranging from 10y7 to
10y 4 M decreased significantly the relaxation phase of
the response to 10y 5 M GABA

The influence was dose-dependent and was intensified
with an increase in antagonist concentration. CGP62349
did not change the GABA-induced contraction. The rela-
tionships observed were valid for the whole concentration

Ž y6 y4 . Žrange used in our experiments 10 –2=10 M Fig.
.2B and 3 .

3.5.3. The relaxation phase of GABA smooth muscle reac-
tion was minimized significantly by the presence of 10y 5

( )M CGP71982 Fig. 2B
The observed effect was dose-dependent. It is demon-

strated in Fig. 3. The initial contractile phase showed a
tendency towards an increase.

3.6. Influence of CGP55845A, CGP62349 and CGP71982
on the effects of acetylcholine, epinephrine, 5-hydroxytryp-
tamine and dopamine

The CGP compounds at a concentration of 10y5 M did
not change significantly the contractile effects of 10y6 M

Ž . y5 Ž . y6acetylcholine ns16 , 10 M epinephrine ns8 , 10
Ž . y5M 5-hydroxytryptamine ns6 and 10 M dopamine

Ž .ns6 on ileal smooth muscle preparations from guinea
pigs.

4. Discussion

In our experiments, GABA exerted a biphasic contrac-
tile-relaxation effect on the mechanical activity of guinea
pig ileum. It had pronounced dose-dependent character-
istics. It is known that the biphasic character is typical of
GABA-induced modulation in many intestinal organs, i.e.
the circular layer of segments isolated from cat terminal

Ž .ileum Pencheva and Radomirov, 1993 , the longitudinal
Ž .layer from cat terminal ileum Pencheva et al., 1991 ,

Žguinea-pig duodenum, jejunum and ileum Taylor et al.,
.1991; Kounenis et al., 1995 . The duration of both phases

was not a function of the GABA concentration. The con-
tractile effect of GABA is a consequence of the activation
of specific GABA receptors located on cholinergic post-A

Ž .ganglionic neurons Jessen et al., 1979 . The activation of
these receptors leads to the release of endogenous acetyl-

Ž y7 y4 . y5Fig. 3. Influence of GABA antagonists 10 –10 M on the amplitude of the contractile and relaxation phase of the 1=10 M GABA-inducedB

smooth muscle effects. The contractile control reaction is considered to be 100%. All other results are presented as means"S.E.M. from a relevant
Ž .number of experiments control, ns7; of the background of CGP55845A, ns6; CGP62349, ns7 and CGP71982, ns6 . They are expressed as

Ž) . Ža.percentage of the GABA-induced contraction. The GABA control contractile and relaxation phases and the response to GABA in the presence of
CGP compounds were compared for each substance separately. a,bP-0.05.
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Ž .choline Kaplita et al., 1982 . The relaxation effect of
GABA is mediated through GABA receptors, the activa-B

tion of which leads to the inhibition of acetylcholine
Žrelease Giotti et al., 1983; Kleinrok and Kilbinger, 1983;

.Ong and Kerr, 1983 .
In our experiments, the GABA receptor antagonistsA

bicuculline and picrotoxin significantly reduced the con-
tractile phase of GABA-induced mechanical activity, whilst
they did not affect the GABA-induced relaxation. Similar

Ž .data were reported by Ong 1987 , who showed that the
effects of bicuculline or picrotoxin on the ileum resulted in
a rightward shift of the GABA concentration–response

Ž .curve. Later, Ong et al. 1988 found that picrotoxin
reduced the maximum response, whereas bicuculline did
not.

We did not find many studies in the literature about the
effects of GABA receptor antagonists on the ileum. TheB

sulphonamide analogue of GABA, 3-amino-2-hydroxy-N-
Ž . Ž .4-nitrophen -propansulphonamide AHNPS , a competi-
tive GABA receptor antagonist, yielded a p A value ofB 2

Ž .4.0 in the guinea pig ileum Kerr et al., 1995 . b-2-
Ž .thienyl-GABA BTG , which is also a competitive GABA B

receptor antagonist had an estimated p A value of 4.32
Ž .Ong et al., 1992 . The GABA receptor antagonist 4-B

Ž . Ž .amino-butyl-phosphonic acid 4-ABPA 1 mM and above
occasionally elicited with a variable delay a slight transient

Ž .contraction of the ileum Kerr et al., 1990b .
Our data for the smooth muscle effects of independently

applied GABA receptor antagonists were quite interest-B

ing. CGP55845A induced a prolonged relaxation of ileum
preparations. CGP62349 at concentrations up to 1=10y5

M did not change the mechanical activity. It induced a
short-lasting contraction only at a concentration of 1=
10y4 M. CGP71982 contracted the smooth muscle prepa-
rations. Caffeine completely abolished the CGP71982-in-
duced initial peak and reduced the long-lasting contraction
following it. An intracellular caffeine-sensitive store is

Ž .probably involved in this effect Wakui et al., 1990 .
2q ŽPossibly the increased Ca cytosolic level Jiang and

.Stephens, 1994 participates in the increased contractile
phase of the response to this GABA receptor antagonist.B

In our study, GABA receptor antagonists did notB

change significantly the contractile effects of acetyl-
choline, epinephrine, 5-hydroxytryptamine and dopamine,
which suggests their GABA-ergic mechanism of action.

Ž .Bolser et al. 1995 studied the GABA receptor antago-B

nist SCH 50911 on guinea pig ileum and showed that it
was devoid of anticholinergic activity, because SCH 50911
elicited no contractile responses and did not antagonise the
contractile response to acetylcholine.

The effects of CGP compounds on the contractile phase
of the response to GABA were quite different. They
influenced the spontaneous mechanical activity and their
effects probably are not related to GABA receptors. OngB

Ž .et al. 1988 studied alfaxalone, a typical GABA modula-
tor, which acts on the allosteric site of GABA receptors,A

activating chlorine channels. In lower concentrations it
potentiated GABA-induced reactions, whilst in higher con-
centrations direct GABA-mimetic responses were elicited.

We observed that every GABA receptor antagonistB

decreased significantly the GABA-induced relaxation
phase. The influence was concentration-dependent. These
observations revealed that the relaxation phase of the
response of longitudinal ileal preparations to GABA is
probably due to the activation of GABA receptors. ThisB

suggestion was based on the observation that the relaxation
phase was insensitive to the GABA receptor antagonistsA

bicuculline and picrotoxin but was blocked in a dose-de-
pendent manner by each CGP compound.

Our experiments provided evidence for the occasional
neurogenic nature of the GABA-evoked response, because
it was partially blocked by tetrodotoxin. A part of the
GABA-induced relaxation response was not sensitive to
tetrodotoxin. This suggested the participation of non-neu-
ronic mechanisms in the development of the smooth mus-
cle relaxation. This direct non-neuronic effect was proba-
bly mediated by GABA receptors directly located onB

smooth muscle cells. Similar direct GABA-evoked effects,
with the participation of GABA receptors, have beenB

Ž .reported in Fallopian tubes Erdo et al., 1984 . Pencheva et
Ž .al. 1991 observed similar effects in cat ileum. Thus, the

analysis of the GABA-induced relaxation of the guinea pig
ileum gave reason to suppose that the GABA receptorsB

participating in this process are located pre- and post-junc-
tionally.

In conclusion, GABA receptor antagonists showedB

different effects on spontaneous smooth muscle activity:
CGP55845A-induced relaxation, CGP71982-induced con-
traction and CGP62349 did not change ileal mechanical
activity. These effects were probably not directly con-
nected with GABA receptors. The specific action of CGPB

compounds was revealed by inhibition of the relaxation
phase of the GABA effect. Our results prompted us to
assume that the GABA receptor antagonists studied,B

being phosphinic analogues, probably act on GABA recep-
tors situated in intramural neurons in longitudinal prepara-
tions from guinea pig ileum and that they act directly on
smooth muscle cells.
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