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ABSTRACT Contractile mechanisms by carbachol and ATP were compared in the 
detrusor strips of rabbit bladder. To exclude modulation of the agonists-induced re
sponses by intramurally synthesized prostaglandins, all the experiments were done in 
the presence of the potent cyclooxygenase inhibitor flurbiprofen (1 UM). The 
concentration-response curves for carbachol and ATP were shifted to the right by 6
10-fold by verapamil (10,uM), which abolished the K-induced contraction of the 
atropinized detrusor completely. A similar curve for carbachol was obtained in the 
absence of extracellular Ca [(Ca),,], but the contraction by ATP below 1 mM was 
more reduced by (Ca),,-depletion than by verapamil. Under Ca-free conditions, re

peated applications of ATP resulted in no response, but those of carbachol induced 
reproducible contractions. These results suggest that carbachol and ATP induces Ca
influx through L-type Ca channels and releases Ca from the Ca stores. However, 
while carbachol might increase the sensitivity of contractile machinery to Ca on the 
one hand, ATP would open additional, verapamil-insensitive Ca channels.

 Much evidence indicates that smooth mus
cles have multiple sources of Ca ions which 
are utilized for contraction (1). In most 
smooth muscle cells, extracellular Ca enters 
the muscle cells through the Ca channels. Ca 
channels have been classified into L-, T and 
N-types (2); and among them, the L-type 
channel with sensitivity to Ca antagonists is 

predominant in the smooth muscle cells, but 
the presence of the T-type like channels have 
been reported (2). In addition, release of in
tracellular Ca can be activated by several

agonists via receptor-mediated signal transduc
tion pathways (3), which have been also impli
cated in the recently found increased Ca sensi
tivity of the contractile machinery induced by 
some receptor agonists (4, 5). 

 Sources of Ca and change in Ca sensitivity 
of contractile elements have been widely in
vestigated for vascular smooth muscle. Less 
information is available with regards to the de
trusor muscle of the urinary bladder. Informa
tion in this field appears of particular interest 
because of the possible use of drugs in the 
management of bladder motility disorders such 
as detrusor hyperreflexia and bladder atonia. 

 It is well-known that cholinergic and non
cholinergic (possibly purinergic) neurons in
nervate most of the mammalian urinary blad
der (6-8). Several studies have suggested that



multiple contractile mechanisms are utilized by 
cholinergic drugs and ATP. Ca entry via the 
L-type Ca channels has been proposed as a 
likely mechanism for bladder contraction in
duced by muscarinic activation in the detrusor 
muscle from rabbits, guinea pigs or rats (9
11), although the response to carbachol may 
also involve release of stored Ca in the rat and 

guinea pig (11-13). In rat detrusor, ACh and 
ATP show similar dependence on extracellular 
Ca [(Ca).] (12). Recent studies, however, 
suggested that multiple sourced of Ca for con
traction may by utilized differentially, depend
ing on the receptor agonist applied (14). 

 In the present study, the contractile mecha
nisms involved in the carbachol and ATP
induced contraction were compared.

MATERIALS AND METHODS 

 Male albino rabbits weighing between 2 and 
3 kg were reared on a standard diet and given 
tap water to drink. 

 The urinary bladder was rapidly removed 
and a longitudinal strip (about 2 X 20 mm) of 
the detrusor muscle was prepared. The strips 
were vertically suspended under a resting load 
of 10 mN in an organ bath which contained 
Krebs solution of the following composition: 
118 mM NaC1, 4.75 mM KCI, 2.50 mM CaC12, 
1.20 mM MgSO4, 1.20 mM KH2PO4, 25.0 mM 
NaHCO3 and 10.0 mM glucose. In some ex

periments, 1 u M flurbiprofen with or without 
1 pM atropine was dissolved in the solution. 
The organ bath was maintained at 37°C and 
constantly gassed with 5% CO2 in 02. The re
sponses to drugs were recorded isotonically. 
After the preparations had been allowed to 
equilibrate for at least 60 min, they were 
usually exposed twice to a submaximum con
centration of carbachol (300 nM). Several con
centration-response curves for carbachol were 
then determined; thereafter, the curve for purine 
nucleotides were also determined if necessary. 
The KCl-induced contraction was measured 
using solutions in which various concentrations 
of NaCl were replaced with KC1 isosmotically. 
In some experiments, tissues were washed for

some periods with Ca-free, 2 mM ethylene

glycol bis (,a-amino ethyl ether) -N,N'-tetraacetic 
acid (EGTA)-containing solution, and car
bachol and/or ATP was then applied. 

 The sensitivity to each drug was expressed 
as its pD2 value (the negative logarithm of 
molar concentration which produced 50% of 
its own maximum response), and the potency 
of verapamil as a noncompetitive antagonist 
against the K-induced contraction was express
ed as the pD'2 value (the negative logarithm 
of molar concentration which reduces the 
maximum response to 50%). These values 
were calculated from graphical analyses. All 
numerical data are expressed as means with 
S.E., and the number of experiments is shown 
in parentheses. Statistical analyses were per
formed by the t-test and Duncan's new multi

ple range test as appropriate. ATP value less 
than 0.05 was considered to indicate a signifi
cant difference. 

 Drugs used were carbachol chloride, vana
dium-free adenosine 5'-triphosphate (ATP), 
a ,f3-methylene ATP, 8, y-methylene ATP, 
atropine sulfate, reactive blue 2, verapamil 
hydrochloride, tris (hydroxymethyl) amino
methane (Tris), flurbiprofen (Sigma Chemical 
Co., MO, USA) and EGTA (Wako Pure 
Chemical Industries, Ltd., Osaka, Japan). All 
drugs were in powder form, and they were 
dissolved in deionized, distilled water, except 
for EGTA and flurbiprofen. Stock solutions of 
EGTA (0.2 M) were dissolved by adding Tris 
to bring the pH to 7.4, and flurbiprofen (10 
mM) was dissolved in 2% Na2CO3 in 50 mM 
Tris base followed by immediate titration with 
HC1 to pH 8.0. They were directly diluted in 
appropriate physiological saline solutions. 
Other chemicals used were of analytical grade.

RESULTS 

Effect of cyclooxygenase inhibitor on the 
carbachol and ATP-induced contractions 

 A potent cyclooxygenase inhibitor flurbip
rofen (1 uM) depressed the contraction by 
low concentrations of ATP (0.1-3 mM), with
out having any effect on the maximum re



sponse. On the other hand, the maximum re
sponse to carbachol was increased by flurbip
rofen, without any change in the sensitivity to 
the spasmogen (Fig. 1). These results suggest 
that the contractile responses to ATP and car
bachol are modulated by intramurally synthe
sized prostaglandins (PGs) in a different man
ner. Although the precise mechanisms of these 
differential effects of the cyclooxygenase in
hibitor on the two stimulants are not known, 
in the following experiments, to prevent com

plexity due to modulation of the carbachol
and ATP-induced Ca mobilizations by PGs, 1 
,uM flurbiprofen was included in the bathing 
solutions throughout. 

Properties of purinoceptors in rabbit detrusor 
 Two congeners, a,/3-methylene ATP and 

,8, y-methylene ATP, as well as ATP, pro
duced concentration-dependent contractions of 
the detrusor strips. The maximum contractions 
by all these purine nucleotides were similar to 
that by K and smaller than that by carbachol. 
Among the nucleotides, the maximum re
sponses to ATP and /3, y-methylene ATP were 
comparable to each other, but significantly

larger than the a,,8-methylene ATP-induced 
one (Fig. 2, Table 1). On the other hand, the 
rank order of sensitivities to these purines was 
a,,8-methylene ATP > ,8, y-methylene ATP 
> ATP (Fig. 2, Table 1). Adenosine (up to 10 
mM) did not produce any detectable response. 
A putative Pty-purinocepor antagonist, reac
tive blue 2, did not antagonize the ATP-in
duced contraction, but rather somewhat po
tentiated it (Fig. 3). A similar potentiation 
was observed in the carbachol-induced con
traction to the same degree, suggesting that 
the potentiation was nonspecific in nature.

Table 1. The pD2 values of ATP, its analogues 
and carbachol in flurbiprofen (1 uM)-treated rab
bit bladder detrusor strips

Fig. 1. Effects of flurbiprofen on carbachol (A) and 
ATP (B)-induced contractions in the rabbit bladder 
detrusor strips. •, control; 0, after a 60-min treat
ment of 1 uM flurbiprofen. Abscissa, concentrations 
of carbachol (A) and ATP (B); ordinate, % maximum 
contraction by each drug in the absence of flurbip
rofen. Each value is expressed as a mean ± S.E. (bar) 
of 6 experiments.

Fig. 2. Concentration-response curves for ATP, its 
analogues and carbachol in the flurbiprofen (1 uM)
treated rabbit bladder detrusor strips. 0, carbachol; 
A, ATP; o, 8,y-methylene ATP; •, a,,8-methylene 
ATP. Abscissa, concentrations of drugs; ordinate, % 
maximum contraction by carbachol. Each value is ex
pressed as a mean ± S. E. (bar) of 6-7 experiments.



Fig. 3. Effects of reactive blue 2 (100,uM) on the 
carbachol (A) and ATP (B)-induced contractions of 
flurbiprofen (1 ,uM)-treated rabbit bladder detrusor 
stips. 0, control; •, in the presence of reactive blue 2 

(100,uM). Each value is expressed as a mean ± S.E. 
of 6 experiments.

Verapamil sensitivities in K-, carbachol and 
A TP-induced contractions 

 A Ca antagonist verapamil depressed the 
concentration-response curve for K in a non
competitive manner (>_ 0.1,uM, data not 
shown), and the pD'2 value for verapamil was 
56.1 ± 0.15 (n = 5). However, 1,uM atropine 
reduced the response to higher concentrations 
of K (>_ 45.87 mM), and it inhibited the max
imum contraction produced by 85.87 mM K to 
71.3 ± 3.4% (n = 5) of the control value (Fig. 
4A, P < 0.001). These results suggest that K
depolarization, whilst contracting the muscle 
directly, indirectly stimulated it via a release 
of acetylcholine from parasympathetic nerve 
endings in this tissue. When 1 uM atropine 
was present, the K-induced contration was 
more readily inhibited by verapamil and com

pletely abolished by 10 uM concentration of 
the drug (Fig. 4B). The pD'2 value for verapa
mil was 6.85 ± 0.12 (n = 6, significantly differ
ent from that obtained without atropine), and 
the potency of verapamil in inhibiting the K
induced contraction was increased 17-fold 

(antilog of the difference between the pD'2 
values for verapamil determined in the ab
sence and presence of atropine). 

 In contrast, verapamil did not abolish either 
the carbachol or ATP-induced contraction.

Fig. 4. Effects of atropine (A) and verapamil in the 

presence of atropine (1,uM; B) on the K-induced con
tractions of flurbiprofen (1 pM)-treated rabbit bladder 
detrusor strips. (A) 0, control; •, in the presence of 
atropine (1 ,uM). (B) 0, control; •, L,, A, in the 

presence of 0.1, 1, 10,uM verapamil, respectively. 
Abscissa, concentrations of K; ordinate, % maximum 
contraction by K in the absence (A) and presence (B) 
of atropine (1 ,uM). Each value is expressed as a mean 
± S.E. of 6 experiments.

The concentration-response curve for car
bachol was shifted to higher concentrations by 
only 6.4 ± 0.8-fold (n = 6) at the control 
EC50 level, with a slight but significant reduc
tion of the maximum response to 86.1 ± 2.5% 

(n = 6) of the controls by 10 pM verapamil 
(Fig. 5A, B), which was a sufficient concentra
tion to abolish the K-induced contraction (Fig. 
4B). Similarly, the concentration-response



curve for ATP also seemed to be shifted to 
the right by verapamil, although, unfortunate
ly, the maximum response to ATP could not 
be obtained, because higher ATP concentra
tions than 30 mM were not applied to avoid 
hypertonicity (Fig. 5C). The logit-log analyses 
of the curves in the absence (control) and pres
ence of 1011M verapamil, however, showed 
that there was statistically significant parallel
ism between the two curves (P < 0.05, Fig. 
5D). The shift of the concentration-response 
curve for ATP by 10 ,u M verapamil was 9.8 ±

2.1 fold (n = 5) at the control ECSO level and 
was not significantly different from the value 
for carbachol (P > 0.05).

Fig. 5. Effects of verapamil (10,uM) on the car
bachol (A, B) and ATP (C, D)-induced contractions 
of flurbiprofen (1 ,uM)-treated rabbit bladder detrusor 
strips. 0, control; •, in the presence of verapamil (10 
,uM). B and D are logit-log representations of the data 
shown in A and C, respectively. Abscissa, concentra
tions of carbachol (A, B) and ATP (C, D); ordinate, 
% maximum contractions by carbachol (A) and ATP 

(C); log y/(100-y), where y is % maximum contrac
tions by carbachol (B) and ATP (D). Each value is ex

pressed as a mean ± S.E. of 6 expreriments.

Effects of extracellular Ca deprivation on K-, 
carbachol and A TP-induced contractions 

 The K-induced contraction (in the presence 
of 1 u M atropine) totally disappeared 5 min 
after incubation of the atropinized tissue in 
Ca-free, 2 mM EGTA-containing solution 

(Fig. 6A). However, as the results with vera
pamil, a substantial amplitude of contractions 
by carbachol and ATP remained even in the 
absence of extracellular Ca (Fig. 6B, C). The 
concentration-response curve for carbachol in 
the absence of [Ca]0 fairly agreed with the 
curve in the presence of 10 ,uM verapamil 

(Fig. 6B). The amplitude of contraction by 30 
mM ATP was the same whenever it was ap

plied in the presence of 10 ,u M verapamil or in 
the absence of (Ca)0. However, when lower 
ATP concentrations (< 10 mM) were used, 
the contraction was more readily inhibited by 
(Ca)o deprivation than by treatment with 10 
,uM verapamil (Fig. 6C): the amplitudes of re
sponses to ATP were significantly greater in 
the verapamil-treated muscles than in the 

[Ca]o deprived ones at each concentration of 
ATP (P < 0.05). Increasing the verapamil 
concentration up to 100,uM did not result in 
further depression of the ATP-induced con
traction (n = 6, data not shown). 

 We then tried to learn the properties of 
carbachol and ATP-induced contractions of 
the (Ca),,-deprived tissues in more detail. 
After changing the normal Krebs solution to 
Ca-free, 2 mM EGTA-containing solution, 
carbachol (10 ,u M) or ATP (30 mM) was ap

plied at timed intervals, washing the muscle 
with Ca-free solution when the contraction by 
each application of the drug reached a plateau 

(Fig. 7A). When carbachol was used as a stim
ulant, the first contraction was slightly reduced 

[90.6 ± 2.1% (n = 10)], compared to the con
trols observed in normal medium, but the fol
lowing sequential applications resulted in small 
but reproducible contractions that were con
stant in size and sustained until at least 60



min after (Ca). deprivation. When the prep
aration remained unstimulated for 60 min in 
the Ca-free medium, the amplitude of the 
carbachol-induced contraction was the same as 
that of the contraction obtained after sequen
tial applications described above.

Fig. 6. Effects of depletion of extracellar Ca on the isosmotic K (A)-, carbachol (B) and ATP (C)
induced contractions of flurbiprofen (1 ,uM)-treated rabbit bladder detrusor strips. 0, control; •, responses 
5 min after changing the medium to Ca-free, 2 mM EGTA-containing solution. Abscissa, concentrations of 
K (A), carbachol (B) and ATP (C); ordinate, % maximum contraction by each stimulant. Each value is ex

pressed as a mean ± S.E. of 6 experiments.

 When ATP was used as a spasmogen, the 

contraction by ATP was transient and the am

plitude of the response was reduced to 55.2 ±

5.2% (n = 6) of the controls obtained in nor
mal media, 5 min after (Ca). deprivation. The 
contractile response to the following sequen
tial application of ATP was abolished (Fig. 
7B). After the preparation remained unstimu
lated for 30 min in the Ca-free medium, the 
contraction was not induced by ATP (Fig. 
7B). 
 The contraction by 10 ,u M carbachol 10 min



after (Ca),, deprivation was 67% of the con
trols (Fig. 8B, hatched columns). When 10 or 
30 mM ATP was applied 5 min after (Ca),, dep
rivation, a contraction was produced in a 
concentration-dependent manner (Fig. 8A, 
hatched column), and the following response

to 10 ,uM carbachol, applied 10 min after 

(Ca)o deprivation, was reduced corre
spondingly (Fig. 8B, dotted columns). To the 
contrary, after carbachol was first applied, the 
following response to 30 mM ATP completely 
disappeared (n = 5, data not shown).

Fig. 7. Time courses of the amplitudes of contractions induced by repeated and one-shot applications of 
carbachol (A) and ATP (B) in flurbiprofen (1 ,uM)-treated rabbit bladder detrusor strips deprived of ex
tracellular Ca. (A) open columns, determined as follows: 5 min after changing the normal Krebs solution to 
Ca-free, 2 mM EGTA-containing solution (Ca-free solution), 10,uM carbachol was applied and the muscle 
was washed with Ca-free solution. Then, carbachol was applied 30 min after extracellular Ca [(Ca),,] deple
tion without Ca loading of the preparation. The same procedures were repeated 45 and 60 min after (Ca). 
depletion. Filled column, the amplitude of the contraction by carbachol, which was determined 60 min after 
(Ca),, depletion without preceding stimulations by carbachol. Abscissa, the time in minutes after (Ca),, de
pletion, when carbachol was applied; ordinate, % contraction by carbachol in the normal medium. (B) ATP 
(30 mM)-induced contractions determined by the same procedures as for A. Abscissa, the time in minutes 
after (Ca),, depletion, when each agonist was applied; ordinate, % contraction induced by carbachol (10 

,u M, A) and ATP (30 mM, B) in the normal medium. Each value is expressed as a mean ± S.E. (bar) of 6 
experiments.

Fig. 8. Concentration-dependence of ATP-induced 
contractions in the absence and presence of extracellu
lar Ca [(Ca).] (A) and the amplitude of contractions 
by the following applications of carbachol (B) in flur
biprofen (1 uM)-treated rabbit bladder detrusor strips. 
(A) ATP (10 and 30 mM, indicated below abscissa)
induced contractions in the presence (open columns) 
and absence (hatched columns) of (Ca)0. Under Ca
free conditions, ATP was applied 5 min after (Ca)o 
depletion. (B) Carbachol (10,uM)-induced contrac
tions 10 min after (Ca)o depletion with (dotted col
umns) and without (hatched column) application of 
ATP (10 and 30 mM, indicated by abscissa) at 5 min 
(Ca)o deprivation. Ordinate, % contraction induced by 
ATP (30 mM, A) and carbachol (10,uM, B) in the 
normal medium. The value is expressed as mean ± 
S.E. (bar) of 6 experiments.



DISCUSSION 

  Endogenous PGs have been reported to 
modulate the intensity of contraction by stimu
lants in many smooth muscle preparations (15 
-17) . Furthermore, ATP is a well-known to 
stimulate synthesis of PGs (18, 19). Therefore, 
before investigating the mechanisms of the 
contractile action of carbachol and ATP, we 
observed the effect of the potent cyclooxygen
ase inhibitor flurbiprofen (20) in the rabbit de
trusor strips. The drug inhibited the contrac
tion by lower concentrations of ATP and en
hanced the maximum response to carbachol. It 
might be that the spontaneously released PGs 
suppress the muscle contractility, whereas the 
PGs released by ATP enhance the mechanical 
activity, but we did not carry out a further 
study in this respect. We investigated the Ca
mobilization and contractile mechanism uti
lized by carbachol and ATP in the presence of 
flurbiprofen, to exclude these indirect or 
secondary action by endogenous PGs. 

 In this tissue, high concentrations of ATP 

(milimolar range) was shown to be necessary 
to elicit the contractile response, as observed 
in other smooth muscles, such as guinea pig 
detrusor and vas deferens (19, 21, 22). Recent 
studies revealed that purinoceptors could be 
divided into at least two types, P1 and P2 re
ceptors, which interact with adenosine and 
ATP, respectively (19). The latter receptor 
types have been further subclassified into two 
subtypes, P2x and Pty, which have different 
rank order of potencies for ATP and its ana
logues: a,,8-methylene ATP > /3, y-methylene 
ATP > ATP for the P2x subtypes and ATP > 

i9, y-methylene ATP > a,,8-methylene ATP 
for the Pty subtypes (19). The P2x subtypes are 
also known to be desensitized by high concen
trations of a,,8-methylene ATP (6, 19, 22). 

 The ATP-induced contraction in this muscle 
was not due to interaction with P1 receptors of 
adenosine which was produced by degradation 
of the applied ATP, since 10 mM adenosine 
did not evoke a contraction. Our results sug

gest that there predominantly prevail the P2x
subtypes in the detrusor, since the rank order

of potencies of the ATP analogues was a,/3
methylene ATP > ,8, y-methylene ATP > 
ATP that agreed with the order observed in 
the P2x-subtypes, and since reactive blue 2, a 
selective Pty receptor antagonist (23), did not 
inhibit but rather enhanced the ATP-induced 
contraction. The same degree of potentiation 
by reactive blue 2 was observed in the 
carbachol-induced contraction, and conse

quently, it was suggested that the potentiating 
action of reactive blue 2 was nonspecific in na
ture. The maximum contraction by a,,8
methylene ATP was somewhat less than those 
by ATP and 8, y-methylene ATP in this mus
cle, suggesting the self-desensitization of P2x
receptors by application of high concentrations 
of a,,8-methylene ATP. 

 Verapamil as well as other Ca antagonists, 
dihydropyridines and diltiazem, are well
known to inhibit Ca-entry into the cell 
through the L-type, voltage-dependent Ca 
channels (24). Using this drug, we then deter
mined to what extent the Ca influx contributes 
to the carbachol and ATP-induced contrac
tions. At first, since K-depolarization has been 
reported to release transmitters from the 
nerve elements in many isolated smooth mus
cle preparations, we observed the effect of 
atropine on the K-induced contraction. Treat
ment of the rabbit detrusor with atropine re
duced the contraction mainly by high concen
trations of K and increased the potency of 
verapamil to inhibit the K-induced contrac
tion. This suggests that high concentrations of 
K released ACh and the ACh-induced con
traction was rather resistant to verapamil, as 
observed with carbachol (see below). The 

potency of verapamil in the atropinized detru
sor is comparable to those reported in other 
smooth muscles (25, 26). Verapamil (10 pM), 
whilst blocking the K-induced contraction 
completely, shifted the concentration-response 
curves for carbachol and ATP by only 6 10 
fold, suggesting that contractile mechanisms 
other than the Ca-influx via the L-type Ca 
channels contribute to the responses to these 
agonists. Since the concentration-response 
curve for carbachol in the presence of 10,uM



verapamil well-superimposed with that in the 
absence of (Ca)o, the Ca entering the cells is 

pissibly influxed almost exclusively through 
the L-type Ca channels. On the other hand, 
the contraction by low concentrations (< 1 
mM) of ATP was significantly larger in the 
verapamil-treated preparations than in (Ca)0
deprived ones. ATP would open additional Ca 
channels other than the verapamil-sensitive, L
type channels. This may be plausible, since 
P2,t receptors have been reported to open non
selective cation channels with a high-conduct
ance (8, 27-31). Although such a possibility 
has been proposed in vascular smooth muscle 

(28), further study concerning these points is 
required. 
 The contraction observed in the absence of 

(Ca),, is generally accepted to be caused by 
the Ca released from the intracellular Ca 
stores. The contraction by carbachol, applied 
after the challenge with ATP, was reduced as 
the concentration of ATP was increased, and 
the contraction by ATP was abolished by the 

preceding application of carbachol. These re
sults suggest that carbachol has a greater capa
bility to release stored Ca than ATP and that 
these agonists share common Ca storage sites 
to a considerable degree. With either stimu
lant, the first application produced a large 
contraction. However, after the muscle was 
washed with Ca-free solution, the second ap

plication of the same drug resulted in no re
sponse in the case of ATP and caused only a 
small contraction in the case of carbachol. The 
reduction in the amplitude of or abolition of 
contraction seems to be due to no reuptake by 
the stores of the Ca released from the stores. 
However, carbachol repeatedly induced con
tractions of a constant size. Some part of the 
Ca released by carbachol may be recycled dur
ing contraction/relaxation processes. Or, more 

plausibly, carbachol but not ATP induces a 
contraction in the absence of (Ca)o by sensi
tization of the contractile machinery (4, 5). 
Simultaneous measurement of mechanical 
activity and intracellular Ca [(Ca);] level us
ing aequorin and fura-2 has revealed the dis
crepancy between the two parameters (32,

33). Some authors found that some receptor 
agonists shifted the [Ca]i-tension curve to the 
left (e.g., refs. 33-35). A similar case may 
apply to the carbachol-induced contraction, 
but not the ATP-induced one in rabbit detru
sor muscle. If so, although the carbachol-in
duced contractions were small, the contribu
tion of the sensitization of contractile elements 
by carbachol to contraction may be underesti
mated, since Ca-free solution would lower the 
cytoplasmic Ca concentration to below the 
resting level (e.g., ref. 33). Determination of 
intracellular Ca ion concentration with fura-2 
is needed to delineate the mechanisms of the 
repeatedly inducible contractions by carbachol 
under (Ca)0-free conditons. 

 In conclusion, both carbachol and ATP in
duce Ca-influx through the L-type Ca channels 
and releases Ca from the Ca stores. However, 
only carbachol might increase the sensitivity of 
the contractile machinery to Ca on the one 
hand, and only ATP would open the addition
al, verapamil-insensitive Ca channels on the 
other. These may be of interest when con
sidering treatment of motor acitivity of the 
urinary bladder by drugs such as Ca antago
nists and intracellular Ca-modulating drugs.
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