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SOME EFFECTS OF DIPYRIDAMOLE,

HEXOBENDINE AND LIDOFLAZINE

ON INHIBITORY

PROCESSES IN RABBIT DUODENUM
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Some of the effects of dipyridamole, hexobendine and
lidoflazine on mechanical responses in rabbit duo-
denum have been investigated. In oconcentrations
known to inhibit tissue accumulation of adenosine and
its metabolites, none of these agents potentiated
inhibitory responses to intramural nerve stimulation or
to application of adenosine, adenosine triphosphate or
phenylephrine. These results neither support nor
dispute the suggestion that adenosine or a related
nucleotide is the intramural inhibitory transmitter but
do show that tissue accumulation in rabbit duodenum
is not an important feature in the termination of the
action of adenosine.

Introduction Evidence for the existence of a
non-cholinergic, non-adrenergic intramural inhibi-
tory pathway in intestinal smooth muscle has
recently been reviewed (Burnstock, 1972; Furness
& Costa, 1973). The suggestion that adenosine
triphosphate (ATP) or a closely-related derivative
is the transmitter involved was first put forward by
Burnstock, Campbell, Satchell & Smythe (1970).
This ‘purinergic nerve’ hypothesis proposed that,
once released from the inhibitory neurone, the
transmitter is broken down to adenosine, which is
then taken up into the nerve for further trans-
mitter synthesis. One limiting factor in accepting
this hypothesis is the absence of a specific antago-
nist to the inhibitory action of ATP. In the
absence of such an antagonist, experiments have
been performed in the presence of drugs said to
prevent tissue adenosine uptake. The results of
such experiments in guinea-pig taenia coli are
claimed to show potentiation of the effects of
exogenous ATP and of intramural stimulation and
to provide support for the purinergic nerve hypo-
thesis (Satchell, Lynch, Bourke & Burnstock,
1972).

The present experiments have been performed
using the intramural inhibitory pathway in rabbit
duodenum (Weston, 1973) and the drugs dipyrida-
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mole, hexobendine and lidoflazine. In this tissue,
these drugs seem to reduce adenosine accumula-
tion by preventing the transformation of adeno-
sine into its phosphate derivatives (Hulme &
Weston, 1974).

Methods The effects of dipyridamole, hexo-
bendine and lidoflazine on intramural nerve stimu-
lation were assessed in longitudinal muscle strips
bathed in Krebs solution containing atropine
10 u M, phentolamine 2.5 uM, and (%)-propranolol
4.75 uM (Weston, 1973). The effects of dipyrida-
mole, hexobendine and lidoflazine on responses to
adenosine and to ATP were measured in 2 cm
lengths of whole duodenum in normal Krebs
solution. The a-adrenoceptor agonist phenyle-
phrine was used as control. Tension changes were
recorded isometrically on a potentiometric
recorder.

Log frequency-effect curves to intramural
stimulation and log concentration-effect curves to
adenosine, ATP and phenylephrine, were obtained
simultaneously on control and test tissues. Test
tissues were exposed to increasing concentrations
of either dipyridamole, hexobendine or lido-
flazine. Control tissues were not so exposed. A
4 min dose cycle was used with an agonist contact
time of 30s and with the tissue washed twice
between each exposure to an agonist. Rectangular
pulses of 0.5 ms duration and 30 V strength were
delivered at various frequencies (1-64 Hz) for
periods of 10s every 4 minutes. Dipyridamole,
hexobendine or lidoflazine was added to the Krebs
solution and a 30 min equilibration period was
allowed before the experiment was continued.
Inhibition of mechanical activity was measured by
the method of Kim, Schulman & Levine (1968).

For each experiment, the horizontal shift at the
50% level of the log frequency-effect curves and of
the log concentration-effect curves was calculated
by subtracting the shift in the appropriate curves
from the shift observed simultaneously in the test
curves. At least six experiments were performed
for each concentration of dipyridamole, hexo-
bendine and lidoflazine and the significance of the
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mean log shifts was assessed by paired Student’s ¢
test. The concentrations of dipyridamole, hexo-
bendine and lidoflazine used (1075, 1077, 107 M)
were chosen from a parallel study (Hulme &
Weston, 1974). In separate experiments, the
agonist activity of dipyridamole, hexobendine and
Tidoflazine was assessed using the 4 min dose cycle
described above.

Results No significant potentiation of the inhibi-
tory action of adenosine, ATP, phenylephrine or
intramural stimulation was obtained in the pres-
ence of either dipyridamole, hexobendine or lido-
flazine. Significant antagonism was obtained in the
case of ATP with dipyridamole (107 M), phenyle-
phrine with hexobendine (107°M) and pheny-
lephrine with lidoflazine (107° M). These results
are summarized in Table 1.

Dipyridamole, hexobendine and lidoflazine all
showed agonist activity on the rabbit duodenum.
Dipyridamole (107 -5 x 10™* M) produced an
excitatory response which was rapid in onset. At
5x107% M, this excitation was followed by a
marked reduction in mechanical activity which on
washout gradually returned to the control level.
Lidoflazine (1077-10"° M) was also excitatory.
However, at 10~ M, all mechanical activity was
abolished. Hexobendine (107°-107> M) produced
an inhibition of mechanical activity.

Discussion No potentiation of inhibitory
responses was seen in the present study in contrast
to claims made by previous workers. It has been
reported that the effects of adenosine in rabbit
intestine were potentiated by dipyridamole (Staf-
ford, 1966) and that the effects of adenosine, ATP
and of intramural stimulation were potentiated in

Table 1

guinea-pig taenia coli by dipyridamole, and by
hexobendine (Satchell ez al., 1972). In both cases,
the published results fail to support the claims that
potentiation of inhibitory responses occurred.
Satchell et al. (1972) attempted to measure
potentiation by comparing the responses to indi-
vidual agonist concentrations or to a given intra-
mural stimulation frequency before and after
exposure to dipyridamole or hexobendine.
Changes measured in this way are dependent on
the slope of the agonist log concentration-effect
curve, a small change in sensitivity in a steeply
sloping curve resulting in apparently large potenti-
ation and vice versa. Potentiation should be
assessed by measurement of horizontal shifts in log
concentration-effect curves as described in the
methods section. Furthermore, in neither case
were concurrent controls employed.

Dipyridamole, hexobendine and lidoflazine
each produced changes in mechanical activity
which may have contributed to the failure to
observe potentiation of inhibitory responses. How-
ever, such changes in mechanical activity usually
occurred at higher concentrations than those
required to reduce adenosine accumulation and it
is unlikely that this could account for the failure
to observe potentiation.

The inability of dipyridamole, hexobendine and
lidoflazine to potentiate the action of adenosine
suggests that tissue accumulation is not an impor-
tant mechanism in the termination of action of
exogenous adenosine in rabbit duodenum. The
results neither support nor dispute the suggestion
that ATP or a related substance is the unknown
inhibitory transmitter. However, Su, Bevan &
Burnstock (1971) found that tritiated ATP or a
breakdown product was released when either the

Effect of dipyridamole (Dip), hexobendine (Hex) and lidoflazine (Lid) on the log frequency-effect

curves to intramural stimulation and on the log concentration-effect curves to adenosine, ATP and phenylephrine

Mean log shift with s.e. in the effect curves

Molar Intramural
conc. stimulation Adenosine ATP Phenylephrine
10-8 -0.14 + 0.2 —0.12 £+ 0.16 —0.14 + 0.1 —0.05 £+ 0.16
Dip 1077 —-0.13:0.15 —0.11 £ 0.2 -0.28 + 0.10* —-0.22 + 0.12
10-¢ —0.40 £ 0.17 —0.29 £ 0.17 —0.13+0.17 —0.13+0.15
10-% —0.10 £ 0.11 —0.16 £ 0.22 —0.23 + 0.26 +0.14 £ 0.11
Hex 10~7 +0.13+0.16 +0.04 £ 0.19 —0.08 + 0.12 +0.19 + 0.16
10-¢ +0.18 + 0.04 —0.07 £+ 0.22 —-0.003+0.28 —0.42 + 0.18*
10-8 —0.08 + 0.04 —-0.12 + 0.18 +0.24+0.2 —0.12+0.19
Lid 1077 -0.12+0.17 —0.03+0.15 +0.05 + 0.18 —0.16 £+ 0.11
10°¢ +0.07 £+ 0.2 —-0.12+0.13 +0.21 £ 0.19 —-0.36 + 0.06*

* P < 0.05. All other values, P > 0.05.

Positive log shift indicates movement of curve to left, negative log shift indicates movement of curve to right.



intramural nerves or the noradrenergic nerves of
guinea-pig taenia coli were stimulated. It is known
that in noradrenergic nerves, noradrenaline and
ATP form a complex within the storage vesicles
(de Potter, 1971) and that a similar situation exists
for acetylcholine and ATP in cholinergic nerves
(Zimmerman & Whittaker, 1973).

These observations might suggest that ATP
release on intramural nerve stimulation is not
necessarily evidence that ATP itself is the inhibi-
tory transmitter but merely that ATP is associated
with the unknown transmitter substance in the
storage vesicles of the inhibitory neurone.

We gratefully acknowledge gifts of the following drugs—
dipyridamole (Boehringer), hexobendine (Linz) and lido-
flazine (Janssen).
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