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Cortisone: a potent GABA antagonist in the guinea-pig isolated ileum
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Abstract—In the guinea-pig isolated ileum, cortisone at 0-001-10 nm
induced a non-competitive, dose-dependent antagonism of GABA -
receptor-mediated contractile responses to applied GABA, depress-
ing the maximum contractile response to GABA (100 um), without
affecting contractile responses 1o acetylcholine or cholinergic twitch
contractions. At higher concentrations (>10 nM), cortisone
depressed contractile responses to acetylcholine (10-100 nm) and
cholinergic twitch responses to transmural stimulation. Cortisone is
thus the most potent non-competitive antagonist at GABAa-
receptor complexes in the guinea-pig ileum. From molecular
modelling, sterically there appeared little difference between corti-
sone and cortisol, the latter being an enhancer of GABA -receptor-
mediated action in the ileum. However, there were significant
differences in electrostatic potentials between the two steroids, due
to the different levels of oxidation at C; which may contribute to
such opposing actions.

Several endogenous steroids are now known to be potent
modulators at GABA-receptor complexes. In particular, A-
ring reduced metabolites of progesterone such as 3x-hydroxy-
Sa-tetrahydroprogesterone potentiate GABA-activated chlor-
ide conductance (Majewska et al 1986), whilst the neurosteroid
pregnenolone sulphate appears to be an endogenous antagonist
at GABA,-receptor complexes (Majewska & Schwartz 1987;
Ong et al 1987a). Indeed this 3x-hydroxy substituent and
saturated A-ring in the 5« configuration have been considered
essential for modulation at GABA s-receptor complexes (Gee et
al 1987). However, cortisol, with a 3-oxo substituent on a 4-
pregnene ring and a 17x-hydroxy group, is a highly potent
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modulator of GABA 4-receptor-mediated contractile responses
in the guinea-pig isolated ileum, potentiating at low concentra-
tions and inhibiting at higher doses (Johnston et al 1987; Ong et
al 1987b; Andres-Trelles et al 1989). Majewska (1987) has found
similar interactions of 17-hydroxy glucocorticoids at GABA -
receptor complexes in rat brain synaptosomes. We now show
that cortisone, which differs from cortisol only in the oxidation
level at Cy; (Fig. 1), does not potentiate, but instead is only a
highly potent antagonist of GABA-induced ileal contractions,
as previously reported in brief (Johnston et al 1987).
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F1G. 1. Structures of cortisone, a potent non-competitive antagonist,
cortisol, a potent potentiator, RU 5135, a steroid analogue which is a
potent competitive antagonist and picrotoxinin, a non-competitive
antagonist at GABA-receptor complexes in the guinea-pig isolated
ileum.
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Materials and methods

Guinea-pig isolated ileal preparation. Guinea-pigs of either sex,
200-300 g, were killed by a blow on the head and exsanguinated.
gegments of ileal preparations, 3-4 ¢cm in length, were quickly
removed and mounted in a 20 mL organ bath containing
oxygenated (95% 0O and 5% COs) normal Krebs-bicarbonate
solution as previously described (Ong et al 1987a). Longitudinal
muscle ileal contractions were measured isometrically using an
FTO03 force transducer and displayed on a Grass polygraph.
Repetitive cholinergic twitch contractions were elicited by ring
electrodes using pulses at 0-1 Hz, 0-1 ms duration and submaxi-
mal voltage. Drugs were added at 20-30 min intervals, depend-
ing on the recovery of the tissue responses to control level, and
cortisone was added at least 1-2 min before other agonists were
tested. Drug volumes never exceeded 1% of the total bath
volume. Cortisone was dissolved in methanol, the total concen-
tration of the vehicle in the bath was between 0-001-0:01%
which did not modify responses to GABA or transmural
stimulation. All experiments were repeated in quadruplicate on
at least 12 tissues from 3 different animals, and Student’s r-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.

Drugs used were cortisone, GABA and acetylcholine chloride
(all from Sigma).

Molecular modelling. Molecular modelling was carried out using
the Chem-X program, January 1989 version (Chemical Design
Ltd, Oxford) on a miniVAX-II computer with an Evans &
Sutherland PS300 high resolution colour graphics terminal and
a Macintosh Ilcx computer emulating Tektronix 4105 colour
graphics terminal using VersatermPro and Tekalike emulation
software. Molecular co-ordinates were obtained from the Cam-
bridge Crystallographic Data Base, and the MM2 molecular
dynamics program was used [or structural optimization.
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F1G. 2. Depression of contractile responses to GABA by cortisone in
the guinea-pig isolated ileum, showing (a) antagonism of responses
to GABA (EC50=10 uM) by cortisone (100 p™m) followed by a
recovery of the contraction to GABA after tissue wash-out (w),
n=12 and (b) dose-related antagonism of GABA-induced contrac-
tion (G; 10 uM) by cortisone, expressed as a percentage of the control
contraction induced by GABA at 10 uM. Vertical bars indicate the
means +s.e.m. for 12 experiments performed. Student's r-test indi-
cated significant differences (P <0-05) between cortisone-treated
and control tissues.

Results and discussion

Exogenously applied cortisone (0-001-10 nm) significantly anta-
gonised GABA-receptor-mediated ileal contractile responses
to GABA (10 uM, approximate EC50 GABA; Fig. 2) in a
concentration-dependent manner, without affecting ileal twitch
responses to transmural stimulation or contractile responses to
acetylcholine (ACh; 10- 100 nM). The antagonism by cortisone
was non-competitive, with a dextral shift of the concentration-
response curve for GABA, and depression of the maximum
contractile response to GABA (100 uM; data not shown).
However, higher concentrations of cortisone (> 10 nM) also
depressed both contractile responses to ACh and cholinergic
twitch contractions. Cortisone was not readily washed out,
particularly if applied at higher concentrations (1-10 nM), when
the control responses to GABA remained depressed even after
60 min.

From these results, cortisone is the most potent non-competi-
tive antagonist of GABA,-receptor-mediated contractile re-
sponses in the guinea-pig ileum yet found, with significant
antagonism at | pM cortisone. By contrast, cortisol is a highly
potent modulator, having potentiating actions at low concentra-
tions and antagonizing actions at high concentrations (Ong et al
1987b; Andres-Trelles et al 1989). Both glucocorticoids differ
from the progesterone metabolites, which also modulate
GABA sreceptor complexes (Gee et al 1987), in possessing an
unsaturated A-ring and a 3-oxo substituent in place of the 3x-
hydroxy group of these metabolites. Cortisone and cortisol also
have a 17-hydroxy substituent which appears to be an essential
feature imparting increased potency to these glucocorticoids in
modulating GABA -receptor complexes. Cortisone, in turn,
differs from cortisol only in having an 11-oxo substituent instead
of the 11f-hydroxy! substituent of the latter, this change being
sufficient to convert the potent potentiating action of cortisol to
the potent non-competitive antagonism of cortisone. On the
other hand. the most potent competitive antagonist is the
amidine steroid analogue RU 5135 (3a-hydroxy-16-imino-54-
17-aza-androstan-11-one, Fig. 1) first described by Hunt &
Clements-Jewery (1981); RU 5135 inhibits muscimol and bicu-
culline binding to rat brain membranes at nM concentrations
(Olsen 1984) and is a potent competitive antagonist of muscimol
action (pA: 8.31) in the cuneate nucleus (Simmonds & Turner
1985) and of GABA -receptor-mediated contractile responses
(pA: 8.0) in the guinea-pig ileum (Ong & Kerr 1989). The most
widely used non-competitive GABA , antagonist is picrotoxinin
(Fig. 1) which acts at uM concentrations (Curtis & Johnston
1974; Simmonds 1980; Ong & Kerr 1989).

Molecular modelling failed to reveal any structural similari-
ties between cortisone, RU 5135 and picrotoxinin, and there is
no experimental evidence to suggest that these compounds
interact with the same active sites to antagonise GABAx-
receptor complexes. For cortisol and cortisone, however, whilst
these differ sterically only slightly in ring C, as a result of the
different oxidation levels at C,,, there were clear differences in
electrostatic potentials resulting from these different levels of
oxidation at C,,, as shown on the contour map (Fig. 3).
Although cortisol and cortisone are superimposable at rings A,
B and D, from the viewpoint of electrostatic potential, they
evidently do not match when considering their behaviour at the
GABA, potentiating site. Nevertheless, cortisol at higher
concentrations behaves like cortisone in depressing GABA-
induced ileal responses (Ong et al 1987b).

Both picrotoxinin and RU 5135 are potent convulsants on
systemic administration to mammals (Curtis & Johnston 1974;
Hunt & Clements-Jewery 1981) whereas cortisone administra-
tion, widely used in medical practice especially as an anti-
inflammatory agent, does not produce such convulsions



F1G. 3. Contour map of electrostatic potential differences between
cortisol and cortisone showing areas with differences greater than 21
kJ mol~! with a significance of 4 k] mol~!. The structures of the two
steroids have been superimposed through rings A, B and D, and
differ sterically only in ring C as a result of the different oxidation
level at Cyy.

(Haynes & Murad 1985). The lack of convulsant action of
cortisone may be due to its rapid metabolism to cortisol; indeed,
it is generally considered that corticosteroids with an 11-oxo
substituent require reduction to ll-hydroxy compounds for
their biological action (Haynes & Murad 1985). Alternatively,
the degree of GABA antagonism (50%) achievable with corti-
sone, despite its high potency (1-10* pm), may not be sufficient to
precipitate convulsions. Cortisone is, however, commonly
anxiogenic at the clinical level, suggestive of GABA s-receptor
antagonism. The present study would indicate that a structurally
specific site exists for cortisone, at least at GABA -receptor
complexes of the enteric nervous system.
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