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Dilazep: an inhibitor of adenosine uptake with 
intrinsic calcium antagonistic properties 
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Concentrations of dilaze which were ineffective in altering the muscular tone of the 
guinea-pig taenia caeci 6 . 0 3 ,  0 . 3 ~ ~ )  or the phasic mechanical activity of the rabbit 
proximal ileum ( 0 . 0 3  WM) markedly potentiated the inhibitory action of adenosine on both 
these parameters. Dilazep, 0 . 3  VM or greater, dose-dependently inhibited the mechanical 
activitv of the proximal ileum. This inhibitory action was probably mediated by more than 
one mechanism, as shown by the fact that theophylline (50,100 FM) antagonized the effect at 
lower dilazep concentrations (u to 3 PM) leaving essentially unchanged the response to 
higher concentrations (6, 10 PM!. Similarly, the responses to low doses of dilazep were 
reduced after desensitization of the organ to adenosine, whilst the responses to higher doses 
were unaffected by this procedure. In a Ca2+-free, high-K+ medium, dilazep (1-10 VM) 
caused a parallel shift to the right of the CaZ+-induced contractions of the guinea-pig taenia 
caeci. Adenosine showed only slight Ca2+-antagonistic properties within the mM range of 
concentrations. These findings suggest that, at the higher concentrations tested, dilazep 
exhibits Ca2+-antagonistic properties unrelated to its adenosine-mediated mode of action. 

Dilazep is a tertiary diamine derivative of trimeth- 
oxybenzoic acid which possesses coronary vasodi- 
lator action both in animals and in man (Hilger et a1 
1968; Rau et a1 1968; Nonaka & Ueno 1978). This 
action is assumed to be mainly adenosine-mediated. 
In fact, the drug blocks the uptake of adenosine into 
cardiac cells (Mustafa 1979), enhances the respon- 
siveness of coronary vascular smooth muscle to 
exogenous adenosine (Buyniski et a1 1972) and 
induces a dilatation of small coronary vessels which 
is prevented by the adenosine antagonist theophyl- 
line (Spieckermann et a1 1969). An additional mode 
of action is suggested by the recent finding that the 
drug is able to cause a sustained dilatation of the 
human large coronary vessels (L’Abbate et a1 1981) 
which are known to be insensitive to adenosine 
(Rubio et a1 1979). In this respect, the observation 
that dilazep possesses local anaesthetic (Tamura et a1 
1974) and CaZ+-antagonist properties (Tamura et a1 
1975) is of particular interest. The latter effect, 
however, is not necessarily independent of adeno- 
sine modulation since adenosine can decrease trans- 
membrane Ca2+ movements in vascular (Schnaar & 
Sparks 1972; Herlihy et a1 1976) and atrial muscles 
(Schrader et a1 1975) probably by interacting with 
specific adenosine receptor sites (Schrader et a1 
1977). 

The aims of this study were to re-assess the 
adenosine-mediated action of dilazep on guinea-pig 
taenia caeci and rabbit proximal ileum and to 

* Correspondence. 

evaluate the nature of the Ca2+-antagonistic action 
of the drug. To differentiate dilazep activity from 
that of adenosine, Ca2+ antagonism was assessed by 
using a preparation (e.g. guinea-pig taenia caeci in 
Caz+-free, K+-depolarizing Tyrode solution) in 
which CaZ+-induced contractions are expected to be 
mediated via voltage-dependent channels (Spedding 
1982). 

MATERIALS A N D  M E T H O D S  

Guinea-pigs and rabbits of either sex (350-450 and 
1500-1800 g respectively) were killed by cervical 
dislocation and bleeding. Intestinal preparations 
were set up as described below, and left to equil- 
ibrate for at least 30 min before any drug addition. 

Guinea-pig 
Strips of taenia ( 2 . 5 - 3  cm) dissected from the cae- 
cum were used to evaluate the potentiating effect of 
dilazep on adenosine responses and to test the 
Ca2+-antagonistic properties of the drug. In the 
adenosine experiments the preparation was mounted 
isometrically (tension applied 0.8 g) in a 10 ml organ 
bath containing Tyrode solution kept at 36 “C, and 
bubbled continuously with a mixture of 95% 0 2  + 
5% COz. Since adenosine did not cause desensitiza- 
tion in this preparation, cumulative concentration- 
relaxation curves were obtained in strips submaxi- 
mally contracted by previous administration of 
carbachol (25 nM). Adenosine was added imme- 
diately after a steady response to the preceding 
concentrations had been obtained. The response to a 
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given dose of adenosine was calculated as percentage 
of the maximal relaxation induced by 200 p~ adeno- 
sine. Dose-response curves for adenosine were 
repeated in the presence of dilazep (0.03, 0 . 3 ~ ~ :  
incubation period 20 min) which by themselves were 
ineffective in altering the muscular tone. 

In the experiments designed to assess the Ca2+- 
antagonistic effect of dilazep, the same preparation 
was set up isotonically but with a tension of 1 g in a 
20 ml organ bath containing CaZ+-free, K+- 
depolarizing Tyrode solution. Cumulative 
concentration-response curves to CaCI2 (0.03-3 mM) 
were obtained by increasing the Ca2+ concentration 
at 3 rnin intervals. A 20 rnin washout was allowed 
between curves. The 100% response was taken as the 
maximum contractile response of the strip during the 
second concentration-response curve, and all subse- 
quent contractions were calculated as a percentage 
of this value (Spedding 1982). Dose-ratios were 
calculated at the EC50 level with and without dilazep 
(1-10 p ~ ) .  The apparent pA2 value was calculated by 
the method of Arunlakshana & Schild (1959). In 
experiments evaluating the Ca2+-antagonistic effect 
of adenosine, the nucleoside (1, 1.5 mM) was added 
2 rnin before, to assess the Caz+-induced contrac- 
tions. 

Rabbit 
Segments of proximal ileum (2-2.5 cm) were suspen- 
ded isometrically (tension applied 1 g) in a 50 ml 
organ bath containing Tyrode solution kept at 37 "C 
and gassed with oxygen (95%) and carbon dioxide 
(5%). Concentration-response curves for the inhibi- 
tory effect of adenosine on spontaneous phasic 
contractions of the longitudinal muscle were 
obtained by adding increasing concentrations of the 
nucleoside to the bath. A 10 min washing after each 
drug addition prevented desensitization (Weston 
1973; McKenzie et a1 1977). When concentration- 
response curves were obtained in the presence of 
dilazep (0.03 p ~ :  incubation period 20 min), the drug 
was added to the rinse fluid at the same concentra- 
tion (dilazep at this concentration did not modify the 
mechanical activity of the ileum). Responses to 
adenosine in the absence and in the presence of 
dilazep were calculated as percentage of inhibition of 
the basal phasic contractions of the longitudinal 
muscle. 

At concentrations higher than 0.03 VM dilazep 
decreased the amplitude of phasic contractions. 
Cumulative concentration-response curves for 
dilazep (0.3-10 p ~ )  were obtained by increasing the 
drug concentration stepwise. To assess whether the 

inhibitory effect of dilazep was mediated by its 
potentiating action on endogenous adenosine, 
concentration-response curves were repeated (a) 
after the preparation had been exposed to theophyl- 
line (50, 100 pM) or (b) immediately after the 
preparation had been desensitized to adenosine by 
adding adenosine repeatedly at 1-2 min intervals (1, 
5 and 10 p ~ ,  4, 3, and 3 times respectively). The 
maximum inhibitory effect (about 70% inhibition of 
basal contractions) was achieved after the first 
administration (1 p ~ ) .  Thereafter, the amplitude of 
the mechanical activity recovered to 80-90% of the 
control value in spite of the subsequent additions of 
larger adenosine concentrations. Responses to 
dilazep before and after theophylline exposure or 
adenosine desensitization were calculated as percen- 
tage inhibition of the basal contractions. 

Statistical analysis 
Student's t-test was used for comparisons of mean 
values. Values here refer to mean ? s.e.m. 

Solutions and drugs 
The Tyrode solution had the following composition 
(mM): NaCl 136.9, KCI 2.7, CaCI2 1.8, MgC12 1.04, 
NaHC03 11.9, NaH2P04 0.4, glucose 5.5. The 
composition of the Ca2+-free, high-K+ Tyrode 
solution was (mM): NaCl97, KCI 40, NaHC03 11.9, 
NaH2P04 0.4, glucose 5.5. The following drugs were 
used: dilazep dihydrochloride (Schering), adenosine 
(BDH), theophylline (BDH), carbamylcholine 
chloride (carbachol) (Sigma), (?)-propranolol 
hydrochloride (ICI), piperoxan hydrochloride 
(Rh6ne-Poulenc) and tetrodotoxin (Sankyo). 

R E S U L T S  

Assessment of the effect of adenosine and dilazep in 
the guinea-pig taenia caeci 
In the guinea-pig taenia caeci, adenosine (1-80 p ~ )  
caused a dose-dependent decrease of the muscular 
tone. At relatively low concentrations (0.03,0.3 pM) 
dilazep had no effect on the tone but was found after 
20 min exposure to cause a dose-dependent displace- 
ment to the left of the adenosine concentration- 
response curve (Fig. 1). The pD2 values for adeno- 
sine were increased from 5.05 ? 0.07 in the control 
state to 5-45 k 0.10 ( P  < 0.05) and to 6.04 k 0.10 
( P  < 0.01) in the presence of dilazep 0.03 and 0.3 p~ 
respectively (n = 7 in all experiments). 

Concentrations of dilazep ranging from 0.6 to 
10 p~ caused a slight dose-dependent inhibition of 
the muscular tone. These responses were not affec- 
ted by pretreating the preparation for 10 rnin with 
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FIG. 1. Adenosine dose-response curves in the guinea-pig 
taenia caeci, in the absence (0) and in the presence of 
dilazep 0.03 VM (0) and 0.3 p~ (0) respectively. Ordinate 
muscular relaxation expressed as percent of the maximal 
response induced by 200 VM adenosine. Each point rep- 
resents the mean (+ s.e.m.) of 7 experiments. 

tetrodotoxin (0-7 p ~ )  or with a combination of 
piperoxan (3.7 p ~ )  and propranolol (3.3 p ~ ) .  The 
possible role of endogenous adenosine in mediating 
the dilazep-induced responses in the taenia caeci 
could not be investigated under our experimental 
conditions, because this organ does not undergo 
adenosine desensitization (at least for the nucleoside 
concentrations used in the present study) and 
because theophylline has been shown to be a poor 
adenosine antagonist in this preparation (Small & 
Weston 1979). 

Assessment of the effect of adenosine and dilazep in 
the rabbit ileum 
In the longitudinal muscle coat of the rabbit ileum, 
adenosine (0.1-3 p ~ )  caused a dose-dependent inhi- 
bition of the amplitude of spontaneous phasic 
contractions. As observed for the taenia caeci, 
dilazep at a low concentration (0.03 p ~ )  had no 
effect on mechanical activity but displaced to the left 
the adenosine-concentration response curve (pD2 
6.18 k 0.08 in the control state vs 6.57 k 0.10 after 
dilazep, n = 7, P c 0.05). 

At concentrations ranging from 0.3 to 10 p ~ ,  
dilazep (added to the medium at 3-4 min intervals) 
caused a dose-dependent submaximal inhibition of 
the amplitude of phasic contractions. The maximal 
effect (suppression of mechanical activity) was 
obtained with 50 p~ dilazep. The effect of the drug 
was not affected by pretreatment of the preparation 
with tetrodotoxin (0.7 p ~ )  or a combination of 
piperoxan (3.7 p ~ )  and propranolol (3.3 p ~ ) .  
Theophylline (an effective adenosine antagonist in 
this preparation: Ally & Nakatsu 1976; Small & 

Weston 1979) at 50 and 100 ~ L M  significantly reduced, 
after a 30 min exposure, the responses to the lower 
dilazep concentrations (up to 3 p ~ )  leaving essen- 
tially unchanged those to higher (6, 10 VM) concen- 
trations (Fig. 2). Similar results were obtained after 
the organ had been desensitized to adenosine. In 
fact, desensitization resulted in depression of 
responses to the low dilazep concentrations but had 
no effect on the inhibition of phasic contractions seen 
at the higher concentrations (Fig. 3). This finding 
could not be ascribed to a temporal change (i.e. 
reduction) in the degree of desensitization (Crema et 
a1 1982) for at least two reasons. First, the response 
curves obtained after desensitization were construc- 
ted by using a random sequence of dilazep doses. 
Second, no more than two doses of dilazep were 
tested for each preparation which meant that the 
determination of the responses to the drug were 
carried out within a short time from the desensitiza- 
tion procedure. 

Assessment of Ca2+-antagonisticproperties of dilazep 
and adenosine 
Guinea-pig taenia caeci strips equilibrated in Ca2+- 
free, K+-depolarizing medium, dose-dependently 
contracted in response to cumulative additions of 
CaCI2 (0.03-3 mM). A steady response to a given 
Ca2+ concentration was usually achieved within 
3 min. This was the minimum interval between two 
consecutive administrations. Concentrations of 
dilazep lower than 1 p~ did not show any antagonis- 
tic effect on Ca2+ responses. 

Pretreatment of the preparation with 1, 5, 10 p~ 
dilazep (20 min exposure) resulted in a displacement 

0.i' 1 I0 
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FIG. 2. Dilazep dose-response curves in the rabbit proxi- 
mal ileum, in the absence (0) and in the presence of 
theophylline 50 VM (0) and 100 VM (A) respectively. 
Ordinate: submaximal decrease in amplitude of spon- 
taneous phasic activity of the longitudinal coat (expressed 
as percent of the retreatment value). Each point rep- 
resents the mean !+ s.e.m.) of at least 5 experiments. 
* P c 0.05; * *  P < 0.01. 
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of the Ca2+ curves to the right in a concentration- 
related manner without depression of the maximum 
response (Fig. 4). The effect of dilazep (1 and 5 PM) 
was reversed by washing the preparations with 
C$+-free, K+-Tyrode for 30-60 min. However, in 3 
out of 7 strips the effect of 10 UM dilazep was not 
completely reversed despite prolonged (>60 min) 
rinsing. The slope of the Arunlakshana & Schild plot 
(-1.26 f 0.28) was not significantly different from 
- 1, expected for competitive antagonism. Determi- 
nation of the apparent pA2 gave a value of 
5.74 f 0.09. Adenosine also displaced to the right 
the Ca2+ dose-response curve. The minimal concen- 
tration of the nucleoside at which Ca*+-antagonism 
was apparent was 1 mM. The degree of antagonism 
was, in any case, relatively small (dose ratios 
1.36 k 0.14, n = 5 ,  and 2.18 f 0.40, n = 5 ,  at 
adenosine concentrations of 1 and 1.5 mM respec- 
tively). NO Ca2+-antagonistic effect was seen when 
subliminal (0.1, 0.2 mM) doses of adenosine were 
tested after pretreatment with dilazep at a concentra- 
tion (0.3 PM) that had been shown to cause a ten-fold 
increase in adenosine potency in taenia strips bathed 
in normal medium. 

Dilazep concn( pM) 

FIG. 3 .  Dilaze dose-response curves in the rabbit proxi- 
mal ileum, begre (0) and after desensitization to adeno- 
sine (0). Ordinate: submaximal decrease in amplitude of 
spontaneous phasic activity of the longitudinal muscle coat 
(expressed as percent of the pretreatment value). Each 
point represents the mean ( 2  s.e.m.) of at least 5 experi- 
ments. * P < 0.05: * *  P < 0.01. 

In strips submaximally contracted by 0.1 mM 
CaZ+, addition of dilazep (10 PM) caused rapid 
relaxation. The time required to obtain 50% of the 
maximum response (t50) was 3.3 k 0.2 min (n = 5 ) ,  
with complete recovery of the basal (pre-Caz+) tone 
being reached in 15 min. The reversal of the 
response to 0.1 mM Ca2+ after changing the bathing 
medium to Caz+-free, K+-Tyrode (Spedding 1982) 
exhibited a similar time course (t50 3.1 f 0.2 min, 

0.03 0.1 0.3 1 3 10 
Ca2+ concn ( m ~ )  

FIG. 4. Ca2+ dose-response curves in the guinea-pig taenia 
caeci, in the absence (0) and in the presence of dilazep 
1 p~ (0), 5 p~ (A) and 10 p~ (A respectively. Ordinate: 
increase in muscular tone expressed as percentage of the 
maximal response to Ca*+ (3  mM). Each point represents 
the mean (+ s.e.m.) of 6 experiments. 

n = 5, time necessary to full relaxation about 
15 min) (Fig. 5) .  In the same model, adenosine (0.1, 
1 mM) also caused relaxation of strips submaximally 
contracted by Ca2+. As shown in Fig. 5 ,  the response 
was relatively small with the 0.1 mM dose (maximum 
relaxation in tone 18.4 f 2.0%, n = 5) but was 
appreciably greater with the larger dose (maximum 
reduction in tone 79 k 4%, n = 5). The time course 
of the effect was markedly different from that 
observed with dilazep; not only did the peak 
relaxation occur earlier (t50 0.6 k 0-1 min at 1 mM) 
but also the duration of action was shorter, with full 
or partial recovery of the initial (Caz+-induced) tone 
occurring during the 15 min observation period. 

DISCUSSION 
As previously shown for other intestinal (Gustafsson 
et a1 1977) and non-intestinal structures (Buyniski et 
a1 1972; Mustafa 1979), dilazep at low concentrations 
(0.03, 0.3 FM in the taenia caeci and 0.03 VM in the 
proximal ileum) markedly increased the inhibitory 
action of exogenously applied adenosine in both 
preparations studied. Neither the muscular tone 
(taenia caeci) nor the spontaneous phasic mechanical 
activity (ileum) was affected by these concentra- 
tions, while higher dilazep doses caused a dose- 
dependent inhibition of both parameters. These 
inhibitory responses to dilazep were not adrenergic 
in origin and were not nerve-mediated since they 
persisted unchanged in the presence of tetrodotoxin. 

In the rabbit ileum, theophylline antagonized the 
responses to low doses of dilazep only suggesting that 
the relaxation seen at higher doses of dilazep were 
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FIG. 5. Comparison of the relaxant effect of dilazep (10 PM 
0) and adenosine (0.1 mM A ;  1 mM A)  with the effect of 
changing to a CaZ+-free, K+-Tyrode solution (0 control 
relaxation) on established submaximal contraction to Ca2+ 
(0.1 mM) in the guinea-pig taenia caeci. Ordinate: degree of 
muscular relaxation (complete recovery of the tone obser- 
ved before Ca*+ addition was taken as 100% response). 
Each point represents the mean (? s.e.m.) of 5 experi- 
ments. 

unrelated to potentiation of endogenous adenosine. 
Confirmation of such an hypothesis could be 
obtained in ileal preparations densensitized to ade- 
nosine. In fact, the desensitization procedure (Wes- 
ton 1973; MacKenzie et a1 1977) reduced the 
responsiveness of the preparation to lower doses of 
dilazep but did not modify the response seen at high 
doses. 

In the K+-depolarized guinea-pig taenia caeci, 
dilazep (1-10 VM) showed Ca2+-antagonistic proper- 
ties as demonstrated by the fact that pretreatment of 
the preparation with the drug caused a parallel 
displacement to the right of the concentration- 
response curve to Ca2+-induced contractions. The 
shift was consistent with a ‘competitive’ type of 
antagonism with the slope of the Arunlakshana & 
Schild (1959) plot being close to the hypothetical 
value of -1. In a separate series of experiments, 
dilazep was found to relax K+-depolarized strips 
submaximally contracted by previous addition of 
Ca2+. The time course of this relaxation was similar 
to that observed with diltiazem and verapamil in a 
previous study aimed at differentiating antagonist 
sub-groups and conducted under the same 
experimental conditions (Spedding 1982). Thus, 
dilazep behaves as a typical Caz+-antagonist, even 
though its potency is lower than that of the above 
mentioned drugs. 

These experiments clearly rule out the possibility 
that the Ca2+-antagonistic properties of dilazep in 
our system were exerted through an adenosine- 

mediated mechanism. Indeed, in a preparation like 
the K+-depolarized taenia caeci, which is particul- 
arly suitable for assessing the antagonism on voltage- 
dependent Ca2+-channels (Golenhofen et a1 1977; 
Bolton 1979; Brading & Sneddon 1980), adenosine 
showed only slight Ca2+-antagonistic properties 
(and only at very high concentrations) and behaved 
differently from dilazep in relaxing preparations 
submaximally contracted by Ca2+. Moreover, the 
antagonistic action of the nucleoside was not enhan- 
ced by concentrations of dilazep which in separate 
experiments had been shown to potentiate the 
effects of exogenously applied adenosine in taenia 
strips bathed in normal medium. The intrinsic 
Ca2+-antagonistic effect of dilazep explains the 
theophylline-resistant inhibition of the spontaneous 
mechanical activity in rabbit ileum. In fact, it is 
known that Ca2+-antagonists such as nifedipine and 
verapamil are especially effective in suppressing the 
phasic components of mechanical activity in spontan- 
eous active smooth muscle preparations (Golen- 
hofen 1981). 

The use of inhibitors of adenosine uptake in the 
treatment of coronary artery disease is justified by 
the fact that they potentiate the vasodilatory action 
of adenosine released from the hypoxic myocardium 
or during excessive P-adrenergic stimulation (Ger- 
lach et a1 1979); this dilatation, however, is confined 
to small resistance vessels of the coronary bed 
(Needleman & Johnson 1980). The Ca2+- 
antagonistic properties of dilazep may explain its 
additional vasodilatory action on large coronary 
vessels as demonstrated in animals (Buyniski et a1 
1972) and in man (L’Abbate et a1 1981). These 
vessels are known to be insensitive to adenosine and 
to be dilated electively by Ca2+-antagonistic drugs 
(Fleckenstein 1977; Hillis & Braunwald 1978). 
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