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Different muscarinic receptor subtypes mediating the phasic
activity and basal tone of pig isolated intravesical ureter
'M. Hern'andez, U. Simonsen, D. Prieto, L. Rivera, P. Garcia, E. Ordaz & A. Garcia-Sacristan

Departamento de Fisiologia, Facultad de Veterinaria, Universidad Complutense, Madrid, Spain

1 We have studied the effects of muscarinic cholinoceptor agonists and specific antagonists on both
phasic activity and basal tone of the isolated intravesical ureter of the pig by means of isometric
techniques in vitro.
2 Acetylcholine in the presence and absence of physostigmine increased both phasic activity and basal
tone of ureteral strips in a concentration-dependent manner. Moreover carbachol, methacholine and
oxotremorine-M increased both contractile parameters while bethanechol and McN-A-343 evoked only
increases in tone without affecting the frequency of the phasic contractions.
3 The nicotinic receptor blocker, hexamethonium (106-1 0-4 M), failed to modify the contractions
evoked by a single dose of carbachol (10-5 M), whilst the muscarinic antagonist, atropine inhibited both
phasic and tonic responses.
4 The muscarinic M, (pirenzepine), M2 (AF-DX 116 and methoctramine), M3 (4-DAMP, HHSiD and
p-F-HHSiD), and putative M4 receptor (tropicamide) antagonists significantly reversed increases in both
frequency of phasic activity and baseline tone induced by a submaximal dose of carbachol (10-5 M). The
pICs values for inhibition of the induced phasic activity were: atropine (10.16)>4-DAMP
(9.12)> HHSiD (8.22) = methoctramine (7.98) = p-F-HHSiD (7.88> tropicamide (7.62) = pirenzepine
(7.53) = AF-DX 116 (7.45) and for inhibition of basal tone were: atropine (10.73)>4-DAMP
(9.32)> HHSiD (8.65) = pirenzepine (8.43) = p-F-HHSiD (8.38)> methoctramine (7.79)> tropicamide
(7.53)>AF-DX 116 (7.04).
5 The antagonist profile indicates that an M, receptor mediates the tonic response while the phasic
activity could involve either both M2 and M3 or an M4 muscarinic receptor. These results suggest that
different muscarinic receptor subtypes mediate the phasic and tonic contractile activity induced by a
submaximal concentration of carbachol in the porcine intravesical ureter.
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Introduction

Autonomic receptors play an important role in the regulation
of distal ureteral function. Support for the contention that
the autonomic nervous system exerts an influence on the
ureter can be derived from the demonstration of a rich
supply of tyrosine hydroxylase (TH) and acetylcholinesterase-
positive nerve fibres, which are distributed throughout the
distal ureter forming dense neuromuscular, subepithelial and
perivascular plexuses (Schulman, 1985; Prieto et al., 1989;
1990), in contrast with proximal portions of ureter and
kidney pelvis where evidence for cholinergic innervation is
scarce (Barajas & Wang, 1983; Prieto et al., 1990).

Furthermore, in vitro studies of the sheep ureterovesical
junction have demonstrated the presence of functionally
active adrenoceptors (Rivera et al., 1992a) and we have
recently demonstrated that noradrenaline modulates both
phasic and tonic contractile activity of the pig intravesical
ureter, through specific populations of adrenoceptors belong-
ing to al-, P- and p2-subtypes, with a possible involvement of
02-receptors in the maintenance of ureteral tonus (Hernandez
et al., 1992). Also acetylcholine induced contractions of the
sheep ureterovesical junction (Rivera et al., 1992b) and
evoked increases in both phasic activity and basal tone of the
isolated ureteral component of ,the ureterovesical junction.
However, the role of cholinergic innervation in the control of
motor activity of the ureter at the ureterovesical junction and
its functional significance in the regulation of the bladder
filling and emptying at micturition is not well understood. It
is also largely unknown which postjunctional muscarinic
cholinoceptor subtypes are involved in the modulation of the
activity.
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Five unique genes coding for muscarinic receptors have
been cloned and denoted ml, m2, m3, m4 and m5 (Bonner et
al., 1987; Peralta et al., 1987). Moreover radioligand studies
of cloned receptors show a close correlation between ml, m2,
m3 gene products and the pharmacologically defined Ml, M2
and M3 muscariic receptor subtypes (Buckley et al., 1989;
Hulme et al., 1990).
The different antagonists now available make it possible to

determine the muscarinic receptor subtypes present in tissues.
The antagonist pirenzepine shows high affinity for Ml recep-
tors (Hammer & Giachetti, 1982; Eglen & Whiting, 1986;
Giachetti et al., 1986; Doods et al., 1987), low affinity for M2
(or cardiac receptors) and intermediate affinity for M3 (ileal
or smooth muscle receptors) (Eglen & Whiting, 1986;
Giachetti et al., 1986; Doods et al., 1987). Thus, AF-DX 116
(11-[(2-{(diethylamino)-methyl]-1-piperidinyl)acetyl]-5, 1 1-di-
hydro-6H-pyrido-[2,3,6] [1,4]-benzodiazepine-6-one) (Eglen &
Whiting, 1986; Giachetti et al., 1986) and methoctramine
(Melchiorre, 1988) are selective for M2, and 4-DAMP (4-
diphenylacetoxy-N-methylpiperidinemethiodide) (Barlow et
al., 1976; Eglen & Whiting, 1986), hexahydrosiladiphenidol
(Fuder et al., 1985) and p-F-hexahydrosiladiphenidol (Lam-
brecht et al., 1988; Duckles, 1990; Eglen et al., 1990) for
M3-receptors. Recently, both tropicamide and himbacine
have been used as M4-receptor antagonists (Lazareno et al.,
1990; 1993).
Histochemical studies have demonstrated a rich supply of

cholinergic nerves in the intravesical ureter (Prieto et al.,
1990), in sharp contrast to the proximal ureter. Therefore,
the aim of the present study was to characterize the postjunc-
tional muscarinic cholinoceptors involved in the modulation
of the pig intravesical ureteral smooth muscle activity.
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Methods

Urinary bladders with attached ureters were removed from
adult pigs of either sex with no lesions in their urinary tract,
selected at the local slaughterhouse immediately after the
animals were killed. The bladders were placed in chilled
physiological saline solution (PSS) at 4°C. The adjacent con-
nective and fatty tissues were removed with care and longi-
tudinal preparations (4-6 mm long and 2-3 mm wide) of the
intravesical ureter were isolated from the bladder by dissec-
tion as described earlier (Hernandez et al., 1992). The strips
were suspended vertically in 30 ml organ baths containing
PSS maintained at 37°C and gassed with 5% CO2 in 02,

pH = 7.4. The distal end of a preparation was attached to a
metal hook and the other end connected to an isometric
transducer (Grass FT03C) with the signal continuously
recorded on a polygraph (Grass 79E). Passive tension of 2 g
was applied to the preparations and they were allowed to
equilibrate for 60 min.

Experimental procedure

The contractile capacity of the preparations was challenged
by exposing the preparations to 120 mM potassium-rich
physiological saline solution (K+PSS). Induced phasic
activity described by frequency (number of contractions
min-') and amplitude (g) of rhythmic contractions and in-
creases in basal tone (g) were examined by single application
of increasing concentrations of cholinoceptor agonists such
as carbachol, methacholine, oxotremorine-M, bethanechol,
acetylcholine and McN-A-343. Carbachol, acetylcholine and
methacholine concentration-response curves were generated
in the presence of physostigmine (10-6 M) to block acetyl-
cholinesterase activity. The ureteral strips were stimulated
with a single concentration of the muscarinic agonists and
potassium-rich Krebs during a period of 3 and 4 min, respec-
tively.
Due to the development of a strong tachyphylaxis of the

tissue to the agonists, two consecutive concentration-response
curves could not be constructed in the same preparation.
However, the response to a single submaximal concentration
(10-s M) of carbachol was reproducible during repetitive
exposures. Therefore, it was used to determine the effect of
the muscarinic antagonists: atropine, pirenzepine, methoc-
tramine, AF-DX 116, 4-DAMP, HHSiD, p-F-HHSiD and
tropicamide. First, a control response to carbachol (10-5 M)
in absence of antagonist was obtained. The preparations were
then incubated with the antagonist for 30 min before car-
bachol was added. An inhibition curve of single concentra-
tions of antagonist was constructed in a single strip. Control
preparations without antagonist incubation were run in
parallel to correct for tissue fatigue and time-induced changes
(Kenakin, 1984).

Drugs and solutions

The composition of physiological saline solution (PSS) was
(mM): NaCl 119, KCI 4.6, CaCl2 1.5, MgCl2 1.2, NaHCO3
24.9, glucose 11, KH2PO4 1.2, EDTA (ethylene diamine tetra-
acetic acid) 0.027. The K+PSS was PSS with KCI exchanged
for NaCl on an equimolar basis. Stock solutions were
prepared daily in distilled water.
The following drugs were used: AF-DX 116 (11-(2-((di-

ethyl-amino)methyl)- 1 -piperidinylacetyl)- 5, - 11 -dihydro-6H-
pyrido(2,3-b)-(1,4)-benzodiazepine-6-one); pirenzepine HCI (Dr
Karl Thomae GmbH, Germany); atropine sulphate (Merck,
Germany); bethanechol (Sigma, U.S.A.); carbamoylcholine
HCI (carbachol) (Sigma, U.S.A.); 4-DAMP (4-dipAenyl-
acetoxy-N-methyl piperidine methiodide) (courtesy of Dr
R.B. Barlow, Bristol, U.K.); hexamethonium bromide (Serva);
McN-A-343 (4-hydroxy-2-butynyl)-l-trimethylammonium m-

chloro carbimilate chloride, Sigma); methacholine (acetyl-p-
methylcholine, Sigma); methoctramine (Sigma, U.S.A.);

oxotremorine-M (ICN Biochemicals); HHISiD (hexahydro-
siladiphenidol, Research Biochemicals Incorporated, U.K.);
p-F-HHSiD (para fluoro hexa-hydrosiladiphenidol, Research
Biochemicals Incorporated, U.K.); tropicamide (Sigma,
U.S.A.).

Physostigmine and p-F-HHSiD were dissolved in ethanol
while tropicamide was dissolved in 0.1 N HCI and further
diluted in distilled water. The other drugs were dissolved in
distilled water. Previous experiments showed that the solvents
had no effect on the preparation.

Calculations

For each concentration-response curve, the concentration
required to give half-maximal response (EC50) was deter-
mined by computerized iteration, fitting the responses and
logarithmic concentrations to the Hill equation (Graph Pad
software 3.0, San Diego, Calif., U.S.A.). Sensitivities to drugs
are expressed in terms of pD2 values, where pD2 = - log
EC50, the EC50 being the agonist concentration needed to
produce half-maximal response. pIC50 values for the mus-
carinic antagonists were also calculated, as pICs= - log
IC50, where ICm is the concentration of antagonist required
to cause half-maximal inhibition of the response induced by a
single dose (10-5 M) of the agonist (Skiirby & Larsson, 1987).
ICo values were converted to Kb values using the equation of
Leff & Dougall (1993):

[IC50]
(2+( -l)b)1b -1

Af and b are the fixed concentration (10-5 M) and the slope
factor of single increasing dose-response curves to carbachol,
respectively.

Statistics

The results are expressed as mean ± s.e.mean. Statistical
differences were calculated by Student's t test and one-way
analysis of variance (ANOVA) with a posteriori Bonferroni
test (Wallestein et al., 1980). Differences were considered
significant with a probability level of P<0.05.

Results

Agonist study

Acetylcholine (10-8-3 x 10-4 M) and methacholine (10-8-
10-4 M) in the presence and absence of physostigmine
(10-6 M) evoked increases in both phasic and tonic contrac-
tile activity, respectively (see Table 1). There was a significant
difference (P<0.05, paired t test) between the pD2 values of
tone induced by acetylcholine in -the presence and absence of
physostigmine (Figure 1). Moreover carbachol, methacholine
and oxotremorine-M induced concentration-dependent in-
creases in both frequency of phasic activity and basal tone of
porcine intravesical ureteral strips. However, bethanechol
and the putative Ml agonist, McN-A-343 evoked only inc-
reases in the tone of ureteral preparations (Figures 2 and 3,
Table 1). The concentration-response curve to McN-A-343
was bimodal with a pD2 = 7.21 ± 0.14 and
Emax = 0.81 ± 0.17 g for the first phase and pD2 = 5.26 ± 0.16
and Emax = 2.02 ± 0.22 g for the second phase.

Table 1 shows pD2 and Em,, values for the different mus-
carinic cholinoceptor agonists, for both phasic activity and
tone. The rank order of potency for the increase in tone
was: McN-A-343 (first phase)> acetylcholine = oxotremorine-
M> carbachol = methacholine = bethanechol = McN-A-343
(second phase), while for induced phasic activity it was:
oxotremorine-M> carbachol = acetylcholine = methacholine.

Concentration-response curves for agonists could not be
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Table 1 Effects of cholinoceptor agonists on porcine intravesical ureter

Agonist n

- Physostigmine
Acetylcholine
Methacholine
Carbachol
+ Physostigmine
Acetylcholine
Methacholine
Carbachol

Oxotremorine-M
Bethanechol
McN-A-343

8
6
12

8
6
8

8
6
8

pD2

5.58 ± 0.15
5.46 ± 0.16
5.60 ± 0.28

6.72 ± 0.14*
5.63 ± 0.19
5.64 ± 0.35

6.62 ± 0.12*
5.37 ± 0.13
5.69 ± 0.16

Tone
Emax

1.50 ± 0.08
1. 14 ± 0.27*
1.81 ± 0.29

1.61 ± 0.25
1.17±0.18*
1.83 ± 0.24

2.16±0.44
1.76 ± 0.28
2.02 ± 0.22

Slope

0.70 ± 0.08
1.11 ± 0.10
1.57 ± 0.28*

1.42 ± 0.12a
1.26 ± 0.06
1.52 ± 0.23a

2.23 ± 0.23a
1.03 ± 0.04
0.84 ± 0.14

pD2

5.52 ± 0.11
5.47±0.04
5.88 ± 0.16

5.57 ± 0.15
5.53±0.06
5.79 ± 0.21

Phasic activity
E.

12.57 ± 0.90
14.61 ± 2.33
14.27± 1.39

13.91 ± 3.08
14.75 ± 4.55
15.11 ± 1.17

Slope

1.12 ± 0.06
1.36 ± 0.09
1.22 ± 0.17

0.99 ± 0.15
1.07 ± 0.02
1.19 ± 0.12

6.59 ± 0.05* 15.01 ± 3.49 1.95 ± 0.69a

n, number of ureters. pD2 = - log ECm; EC50 is the effective concentration which induced 50% of the maximal response. E,,. is the
maximum effect in case of ureteral tonus (g) or phasic activity (number contractions min '). Results are expressed in absolute values as
mean ± s.e.mean.
aSlope factor significantly different from unity.
*Significantly different parameter compared to carbachol (P<0.05, a posteriori, Bonferroni).
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Figure 1 Concentration-response curves of porcine intravesical ureteral preparations to increasing single doses of acetylcholine (a,
b), methacholine (c, d) and carbachol (e, f) in absence (0) and presence (-) of physostigmine (10-6 M). (a, c and e) Phasic activity,
and (b, d and f) tone of the preparations. Each point represents mean (± s.e.mean, vertical bar) of 6-8 preparations. Results are

expressed as absolute values.
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repeated on the same preparation due to the development of a
strong tachyphylaxis. Thus, in a first concentration-response 20
curve, the pD2 and Emax values for carbachol on basal tone
were 5.60 ± 0.28 and 1.81 ± 0.29 (n = 12), respectively, while
in a second curve the pD2 and Em,,, values were 5.24 ± 0.21 E 15
and 1.37 ± 0.44 (P <0.05, paired t test). However, increases 2
in both phasic activity and basal tone induced by a submax- .
imal dose (10-sM) of carbachol were reproducible during
repetitive exposures. The phasic activity and tone evoked by 0 10 -

0a single dose (10-' M) of carbachol on the first exposure were
12.36± 1.54 contractions min-' and 1.36± 0.38 g respec-
tively, compared to 11.21 ± 1.72 contractions min-' and >
1.32± 0.29 g respectively to the fifth exposure (n = 24).

Antagonist study
X 0 - ocr

Treatment of ureteral strips with the selective nicotinic i -7 -6 -5 -4 -3
cholinoceptor antagonist, hexamethonium (10-6- 10-4 M) did log Agonist [Ml
not alter the response to 10-5M carbachol. The tone was
1.42 ± 0.21 g and phasic activity 10.18 ± 1.33 contractions b
min' before, and tone 1.37 ± 0.39 g and phasic activity 2.5
9.43 ± 1.52 contractions min after incubation with hex-
amethonium (10-4M) (n= 8).

2.0-

0iK vL, fxLfIKfIL,1-F 1.0 -

Ks W 1o7 W 10-° W - wlo-W 0.5

12 mm CCh CCh CCh CCh 0.5

1gl 4min 1min

0.0

X-8 -7 -6 -5 -4 -3

K+ W 10-7 W 10- w o- , 1°- log Agonist [Ml
120 mM Betha Betha Betha Betha

Figure 3 Concentration-response curves of porcine intravesical
Figure 2 Traces showing the response of intravesical ureteral ureteral preparations to increasing single doses of carbachol (0),
preparations of the pig to 120 mM K+-PSS and increasing concentra- methacholine (0), oxotremorine-M (A), bethanechol (O), and
tions of carbachol (CCh, 10- 10-4M) and bethanechol (Betha, McN-A343 (*). (a) Phasic activity, and (b) tone of the preparations.
10-1 10-4M) added in single doses with washout (W) between each Each point represents mean (± s.e.mean, vertical bar) of 6-12
response. Numbers indicate molar concentration in the bath. preparations. Results are expressed as absolute values.

Table 2 Effects of muscarinic cholinoceptor antagonists on tone and phasic activity induced by carbachol (10-5M) in porcine
intravesical ureter

Tone Phasic activity
Antagonist n pICM Slope pKB pIC,o Slope pKB

Atropine 8 10.73 0.13 1.43 0.21 10.81 10.16 0.06* 1.72 0.17 10.62a
Pirenzepine 8 8.43 ± 0.18 0.83 ± 0.09 8.60 7.53 ± 0.18* 0.86 0.08 7.86
AF-DX 116 6 7.04 0.22 0.77 0.10 6.91 7.45 0.16 1.33 0.11 7.77
Methoctramine 6 7.79 ± 0.24 0.82 ± 0.06 8.12 7.98 ± 0.20 0.76 ± 0.10 8.35
4-DAMP 6 9.32 ± 0.06 0.93 ± 0.06 9.44 9.12 ± 0.09 1.14 ± 0.08 9.58
HHSiD 6 8.41 + 0.05 1.18 ± 0.33 8.55 8.30 ± 0.12 1.26 ± 0.19 8.76
p-F-HHSiD 6 8.38 0.13 1.12 0.02 8.47 7.88 0.15* 1.83 0.18 8.28
Tropicamide 10 7.53 0.09 0.68 0.11 7.70 7.62 0.11 0.72 0.13 8.11l

n, number of ureters. pIC50 defined as the negative logarithm of the antagonist concentration that causes a 50% inhibition of the
contraction induced by carbachol (10-` M). Results are expressed in absolute values as mean ± s.e.mean.
*Significantly different parameter compared to pIC5o values for tone.
aSignificantly different parameter compared to pIC50 and pKb values of antagonist inhibiting carbachol-induced phasic activity in the
same preparation (P < 0.05, paired t test). pKb defined as the negative logarithm of Kb; Kb is the dissociation constant. IC-% values were
converted to Kb values by using the equation of Leff & Dougall (1993):

Equation of Leff & Dougall Kb = [IC50]
)b)lb

Af and b are the fixed concentration (10-5 M) and the slope factor of single increasing dose-response of carbachol, respectively.
For abbreviations, see text.
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Figure 4 Effects of atropine (a), pirenzepine (b), AF-DX 116 (c) and methoctramine (d) on phasic activity (0) and tone (0)
induced by carbachol (10-i M). Each curve represents mean (± s.e.mean) of 6-8 strips. Results show the relative response to
carbachol after incubation with increasing concentrations of atropine, pirenzepine, AF-DX 116 and methoctramine.

All the antagonists significantly inhibited both tone and
phasic activity induced by a submaximal dose of carbachol
(10-1 M). The effects of atropine, the selective Ml antagonist,
pirenzepine, and the selective M2 antagonists AF-DX 116
and methoctramine are shown in Table 2 and Figure 4. The
effects of the M3 selective antagonists 4-DAMP, HHSiD and
p-F-HHSiD and the M4 selective antagonist, tropicamide are
shown in Table 2 and Figure 5. Atropine and both the
preferential Ml and M3 muscarinic receptor antagonists,
pirenzepine and p-F-HHSiD, respectively' showed a higher
inhibitory effect on tonic than phasic contractile activity
while the selective M4 antagonist, tropicamide blocked both
contractile parameters induced by a submaximal dose of
carbachol (Table 2). This indicates different profiles of the
muscarinic receptor antagonists in inhibiting tone and fre-
quency of contractions to 10-5 M carbachol in the porcine
intravesical ureter.

Discussion

Functional studies have shown that autonomic neurotran-
smitters can affect the rate of urine transport at physiological
flow rates through the canine ureter by modulating not only
the peristaltic frequency but also the urine bolus volume.
Thus, acetylcholine increased the peristaltic frequency,
reduced the bolus volume and decreased the fluid transport

(Morita et al., 1987). In our study, acetylcholine in the
presence of physostigmine evoked increases in both phasic
activity and basal tone of pig intravesical ureteral prepara-
tions. However, preincubation of ureteral strips with physo-
stigmine only enhanced the effect of acetylcholine on the
tonic contraction of the ureter, suggesting that the muscarinic
receptors involved in this response are in a different location
from those enhancing the phasic activity, and are protected
from bath-applied acetylcholine by acetylcholinesterase. In
contrast, the neuronal uptake blocker of noradrenaline in-
creased the phasic activity without affecting the basal tone
(Hernandez et al., 1992), although exogenously applied
noradrenaline was shown to modulate both phasic and tonic
contractile activity. Although the effects of intrinsic nerve
stimulation have not been studied, these results suggest that
both sympathetic and parasympathetic nerves may control
the transport of urine into the bladder, the sympathetics
enhancing urine flow by increasing phasic activity, and the
parasympathetics producing sustained contraction to prevent
reflux during evacuation of the bladder as suggested earlier
(Rivera et al., 1992b).

Agonist study

The present study was performed in order to characterize the
muscarinic receptors involved in the phasic and tonic con-
tractile activity of the pig isolated intravesical ureter. For this
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purpose we used selective agonists and antagonists to deter-
mine the muscarinic receptor subtypes that mediate the
phasic contractile activity and increases of basal tone of the
isolated intravesical ureteral strips to carbachol.
The potency order of agonists which enhanced the phasic

contractions in our preparations is similar to that obtained in
the rat bladder (Grana et al., 1987) and rabbit vas deferens
(Eltze, 1988), both of which possess M2-receptors. The
putative Ml (Hammer & Giachetti, 1982) and M3 (Rattan &
Goyal, 1984) agonists, McN-A-343 and bethanechol respec-
tively, only increased the tone without producing phasic
activity.
Our agonist study suggests that both Ml and M3 mus-

carinic receptor subtypes mediate the increases in the basal
tone, while M2-receptors are involved in the increases in the
frequency of phasic contractions in the porcine isolated intra-
vesical ureter in response to cholinoceptor agonists, although
the selectivity of the muscarinic agonists is very low.

Antagonist study

The potencies of the antagonists are expressed as- pIC50
values and are compared with pA2 values obtained in other
tissues. We also obtained pKb values using the equation of
Leff & Dougall (1993) with the aim of comparing these
values with the pIC50 values and evaluating the validity of
this equation for application in functional studies of ureteral

strips as in other tissues which manifested tachyphylactic
activity. The pKb values obtained were not significantly
different from the pIC50 values, which suggests that the equa-
tion of Leff & Dougall (1993) could be a good tool for
antagonist study in pig isolated intravesical ureter.
Hexamethonium, a ganglionic nicotinic receptor blocker

failed to modify the carbachol effect, suggesting that activa-
tion of nicotinic receptors is not involved in the response.
The lack of activity of hexamethonium could be related to
the absence of AChE-positive ganglion-cells in the porcine
isolated intravesical ureter in contrast to the body of the
urinary bladder and the sheep ureter vesical junction (Rivera
et al., 1991; 1992b), where there were numerous autonomic
intramural ganglia mostly composed of AChE-positive
neurones.

In contrast to hexamethonium, atropine inhibited with
high affinity both the phasic activity and basal tone induced
by carbachol in intravesical ureteral strips, suggesting that
these contractile responses are mediated through muscarinic
receptors.
The clearest evidence for postulating different muscarinic

receptor subtypes has been obtained with the selective
MI-antagonist, pirenzepine, which differentiates muscarinic
receptor subtypes through its markedly higher affinity for the
MI-receptor (Hammer et al., 1980; Watson et al., 1982). The
pIC50 values obtained for this drug on both phasic activity
(7.53) and tone (8.45) of the pig intravesical ureter seem to
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indicate that tonic but not phasic activity could be mediated
through Ml receptors. This is supported by the range of
selectivity of pirenzepine for MI-receptors (Eglen & Whiting,
1986; Mitchelson et al., 1989). Moreover, pirenzepine had a
significantly higher affinity for inhibition of the tone than the
phasic activity which could indicate that Ml muscarinic
receptor activation is implicated in the constriction of the
ureter.
On the other hand, the selective M2 antagonist, AF-DX

116 (Giachetti et al., 1986) exhibited similar pIC50 values on
both tone (7.04) and phasic activity (7.45) which seems to
correspond with the stimulation of M2 receptors. These
results are consistent with pA2 values found in the vas
deferens (6.85-7.89) (Eltze, 1988). In order to confirm these
findings we used methoctramine and obtained a pIC_% of 7.79
and 7.98 on tone and phasic activity, respectively, which is
similar to the pA2 value (7.8) reported for M2 in the porcine
basilar artery (Eglen & Whiting, 1990).
The high pICs0 values obtained for 4-DAMP on both

phasic activity and basal tone (9.12 and 9.32, respectively),
are very close to those reported for M3 receptors (9.04-9.50)
(Clague et al., 1985; Grider et al., 1987; Kurtel et al., 1990).
Moreover, these results are similar to those found in the
guinea-pig muscularis mucosae (9.32) (Barocelli et al., 1990),
common bile duct (8.99) (Karahan et al., 1991), in the chick
and guinea-pig ileum (9.2 and 9.1 respectively) (Choo et al.,
1988), and in the sheep detrusor muscle and ureterovesical
junction (9.26 and 9.41 respectively) (Rivera et al., 1991;
1992b). However, since 4-DAMP does not clearly differ-
entiate between Ml and M3 receptors (Delmendo et al., 1989;
Hulme et al., 1990), we used p-F-HHSiD and HHSiD in our
study. These antagonists exhibit high affinity for the M3
receptor subtype (Lambrecht et al., 1988; Duckles, 1990;
Eglen et al., 1990). In the present study, the pIC_% values
(8.38 and 7.88) obtained with p-F-HHgiD on tone and phasic
activity, respectively, seem to correspond to M3 receptors.
p-F-HHSiD was more potent in inhibiting the tone than
phasic activity, indicating a possible involvement of M3
receptors in contraction of the ureteral smooth muscle. These
results are consistent with pA2 values for M3-receptors
(7.50-8.22) obtained in different vascular preparations,
human SH-SY5Y cells, guinea-pig ileum, and oesophageal
muscularis mucosae (Duckles, 1990; Eglen et al., 1990).
HHSiD showed high affinity in inhibition of both phasic
activity and basal tone (pIC50 = 8.22 and 8.65, respectively)
consistent with the activation of M3 receptors, such as found

in the guinea-pig ileum (pA2 = 8.08-8.40) (Fuder et al.,
1985), in the sheep detrusor muscle (8.49) (Rivera et al.,
1991) and ureterovesical junction (8.66) (Rivera et al.,
1992b).

Finally, with a muscarinic antagonist reported to have
modest affinity for the M4-receptors (Lazareno et al., 1993),
we obtained a pKb value for inhibition of the phasic contrac-
tions induced with carbachol similar to the pKb value
obtained in rabbit lung (Lazareno et al., 1990). This indicates
that the phasic contractions induced by the cholinoceptor
agonists in the pig intravesical ureter might be mediated
through M4-receptors.
The present investigation demonstrates that MI, M2 and

M3 muscarinic receptors could be involved in both phasic
and tonic contractile activity of the pig intravesical ureter
smooth muscle. These results are similar to those found in
the gastrointestinal tract (Goyal, 1988), in the human lung
(MacLagen & Barnes, 1990) and in the sheep ureterovesical
junction (Rivera et al., 1992b), where the contractile res-
ponses of muscarinic agonists are mediated through three
pharmacologically defined muscarinic subtypes.

Moreover, we suggest the presence of an M4 muscarinic
receptor subtype possibly involved in the phasic activity, due
to the high affinity exhibited for methoctramine, 4-DAMP,
HHSiD and tropicamide in porcine ureteral strips. This
antagonist profile is similar to that previously reported for
M4 receptors characterized in binding studies of NG108-15
cells and rat forebrain (Michel et al., 1989; Waelbroeck et al.,
1990).

In summary, some of the cholinoceptor agonists evoked
increases in the phasic contractions while all induced tone in
the pig intravesical ureter; as different antagonist profiles
were obtained in inhibition of the phasic activity and tone,
the present study suggests that different muscarinic receptor
subtypes mediate the phasic and tonic contractile activity
induced by a submaximal concentration of carbachol. This
might be of importance for both the urine bolus transport
during bladder filling and the parasympathetic constriction of
the ureter preventing the vesicoureteral reflux during the
emptying phase of the urinary bladder.
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