British Journal of Pharmacology (2004) 143, 431-437

Expression of Rho-kinase (ROCK-1 and ROCK-2) and its
substantial role in the contractile activity of the sheep ureter
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1 Expression of two isoforms of Rho-kinase (ROCK) and its functional role in the physiological
control of smooth muscle contraction in the sheep ureter were investigated. Helical strips of the
ureteric smooth muscle were stimulated by electrical field stimulation (EFS, 60V, 1mS, 2, 4, 8, 16 and
32 Hz, for 20S), KCI (80 mM), carbachol (CCh, 107-107*M) or phenylephrine (Phe, 1075-107*M).
2 EFS produced a reproducible contractile activity, which was abolished by tetrodotoxin
(3x107°M), a Na*t channel blocker. A muscarinic receptor antagonist, atropine (2 x 107°M), and
an adrenergic neuron blocker, guanethidine (107> M), significantly suppressed the contraction induced
by EFS. However, this contraction was augmented in the presence of N®-nitro-L-arginine (L-NA,
107* M), a nitric oxide synthase inhibitor.

3 Two Rho-kinase inhibitors, Y-27632 (5 x 107°M) and fasudil (5 x 107> M), markedly attenuated
the EFS-elicited contraction. CCh and Phe produced concentration-dependent contraction in the
sheep ureter. pD, values for Phe and CCh were 5.04+0.11 and 5.00+0.22, respectively. Y-27632
(5 x 107°M) and fasudil (5 x 107> M) also significantly inhibited CCh- and Phe-induced contractions.
Moreover, these ROCK inhibitors produced relaxations in the KCl-elicited contraction in a
concentration-dependent manner. pD, values for Y-27632 and fasudil were, respectively, 5.1740.07
and 4.58 +0.08 (P<0.001).

4 Furthermore, the influences of these agents were also tested on spontaneous phasic contractions
of the tissue. Among Y-27632, fasudil, TTX, L-NA, guanethidine and atropine, only the ROCK
inhibitors (107°~10~>M) were able to suppress the spontaneous contractile activity.

5 Western blot analysis has revealed that both isoforms of Rho-kinase (ROCK-1 and ROCK-2) are
expressed in the sheep ureter. Densitometric analysis has indicated that these enzymes are less
expressed in the sheep ureter than are in the sheep aorta in a significant manner.

6 These results show that a contractile enzyme, Rho-kinase, is expressed, and it mediates agonist-
and EFS-induced contractions as well as spontaneous contractile activity of the isolated sheep ureter.
Since Y-27632 and fasudil depressed the contractions, it seems plausible to postulate that Rho-kinase
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inhibitors may be beneficial in the treatment of renal colic.
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Introduction

One of the most important functions of the pyloureteral
complex is to ensure the unidirectional transport of urine from
kidney to the urinary bladder. It has been proposed that there
might be some putative pacemakers responsible for initiation
of peristaltic waves in the renal pelvis as well as ureteral
smooth muscle (Santicioli & Maggi, 1998). On the other hand,
the ureter is innervated by a large population of afferents that
produce an intense pain following distention of the ureter by
ureteral calculi. Electrical field stimulation (EFS) of the ureter
also induces pain and muscular hyperalgesia in rats (Cervero,
1994). Furthermore, the implantation of an experimental
calculus in rats have caused hyperalgesia and abdominal
stretching, a hallmark of visceral pain (Giamberardino et al.,

*Author for correspondence; E-mail: kbuyukafsar@mersin.edu.tr
Advance online publication: 6 September 2004

1995a). Stretching of the ureter may cause the release of
prostanoids and tachykinins which amplify ureteral motility
(Laird et al., 1997; Lang et al., 2002). The drugs with
spasmolytic and/or anti-inflammatory effects can be beneficial
in the treatment of renal colic (Giamberardino et al., 1995b).
Moreover, installation of capsaicin resulted in a pain-relieving
effect in patients (Bultitude, 1995). Several mechanisms are
proposed in the physiological control of ureteral peristalsis and
smooth muscle tone (Santicioli & Maggi, 1998). Nevertheless,
the cellular mechanisms underlying neurogenic and myogenic
contractions are not exactly elucidated.

The increase in cytoplasmic free Ca®* concentration
([Ca®*T];) was regarded to be the principle mechanism in
smooth muscle contraction. Upon activation of calmodulin,
Ca’" activates myosin light chain kinase (MLCK) to phos-
phorylate the myosin light chain (MLC) to induce smooth
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muscle contraction (Kamm & Stull, 1985). However, the
studies in which [Ca®*]; and concomitant contractile force
were detected have shown that Ca®* concentration does not
always parallel the degree of MLC phosphorylation and
subsequent contraction of the muscle. In other words,
regulation of MLC phosphorylation and contractile force
is independent of changes in [Ca®>*]. This is due to a
phenomenon, the so-called Ca’* sensitization (Somlyo &
Somlyo, 1994), raising the possibility that there must be some
additional pathways, which can modulate the contractile
process at a constant [Ca®>*]; (Fukata et al., 2001). Indeed,
it has been reported that a monomeric small GTP-binding
protein, Rho, and its downstream effector, Rho-kinase
(ROCK, ROK), play a substantial role in the Ca>* sensitiza-
tion (Somlyo & Somlyo, 2003). The activation of hetero-
trimeric G proteins such as Gq (G;;) and G5 following
the stimulation of G protein-coupled receptors leads to some
cellular events. On activation, G, or G;, proteins cause
phosphatidylinositol 4,5-bis-phosphate hydrolysis to diacyl-
glycerol (DAG) and inositol 1,4,5-triphosphate (IP;). How-
ever, following the activation of another heterotrimeric G
protein, Gy3, the signal is transmitted to the Rho/Rho-kinase
pathway (Fukata ez al., 2001). This novel pathway provides an
alternative vasoconstrictor mechanism, which is independent
of [Ca*]; elevation (Somlyo & Somlyo, 1994). Indeed, it has
been well established that the smooth muscle contraction can
be induced also in the absence of an increase in the [Ca®™];
(Bradley & Morgan, 1987).

It has been reported that Rho/Rho-kinase pathway could
be involved in the contractile activity of various tissues such
as aorta (Uehata et al., 1997), mesenteric artery (Blyiikafsar
et al., 2004), ileum (Sward et al., 2000), gastric fundus
(Biiytikafsar & Levent, 2003), corpus cavernosum (Biiyilikafsar
& Un, 2003), urinary bladder (Wibberley er al., 2003), vas
deferens (Biiyiikafsar er al., 2003) and uterus (Tahara et al.,
2002). However, this signalling pathway has not been studied
in ureteric smooth muscle. For that reason, first we detected
the expression of ROCK proteins of both isoforms by Western
blotting in the tissue, and then investigated the functional
importance of this enzyme by using its selective inhibitor, (+ )-
(R)-trans-4-(1-aminoethyl)-N-(4-pyridyl) cyclohexanecarboxa-
mide dihydrochloride monohydrate (Y-27632) (Ishizaki et al.,
2000), in the contractions, which are induced by EFS, KCI,
phenylephrine and carbachol. We also tested another Rho
kinase inhibitor, fasudil in these contractions. Furthermore,
possible contribution of the enzyme to the physiological
control of spontaneous contractile activity of the tissue was
also examined, which would provide a further insight into
mechanisms underlying pyeloureteral motility, and so display
any physiological and pharmacological relevence of Rho
GTPase signalling in the ureteric smooth muscle contraction.
Moreover, since decreasing of calculus-induced ureteral
motility and stretch may result in a remedy for the visceral
pain, we aimed to point out Y-27632 as a possible
antispasmodic agent in the ureteral colic.

Methods
Tissue preparation

Sheep ureters were obtained from a local slaughterhouse in
Mersin, Turkey. The ureter was cut in the middle section of the

whole tissue and then cleared of fat and other connective
tissues. It was helically cut by placing onto a steel rod. Strips
(about 2cm long and 2-3mm width) were prepared and
suspended between two ring electrodes connected to the
Biopac stimulator (Biopac system Inc., CA, U.S.A.) in an
organ bath filled with Krebs’ solution (composition in mM:
NaCl 118, KClI 4.7, CaCl, 2.5, MgSO, 1.2, NaHCO; 25,
KH,PO, 1.2, glucose 11, Na,EDTA 0.3) gassed with 95% O,
and 5% CO, under an initial tension of 0.5g, which was
chosen as the optimum resting tension after preliminary
experiments. The bath temperature was maintained at 37°C.
Tension was recorded isometrically with a force transducer
(COMMAT, Ankara, Turkey) and displayed on a Biopac
acquisition system (Biopac system Inc., CA, U.S.A.).

Experimental protocol

Following an equilibration period of 1h, the helical strips of
the sheep ureter were contracted by EFS (60 V, 1mS, 2, 4, 8, 16
and 32 Hz, for 20S), carbachol (107%-10~*M, cumulatively) or
phenylephrine (107%-107*M, cumulatively). These contraction
series were regarded as the first series of contraction. After
washing with fresh Krebs solution, the strips were incubated
for 1 h. Thereafter, they were contracted with the same manner
(the second series). In another series of experiments between
the first and second series, the agents, which would be tested,
namely, atropine (2 x 107°M for 20 min), guanethidine (107> M
for 60min), NC-nitro-L-arginine (L-NA, 10~*M for 20min),
fasudil (5x 107°M for 30min), Y-27632 (5x107°M for
30min) and tetrodotoxin (TTX, 3 x 107°M for 15min), were
incubated. In the other series of experiments, effects of Y-
27632 (107%-10*M, cumulatively) and fasudil (107*-10"*Mm,
cumulatively) were also tested on KCl (80 mM)-induced
contraction. Finally, the compounds were also tested on
spontaneous contractile activity of the tissue. The compounds
were incubated for the above-mentioned durations. The
corresponding control series without the agents were also
performed. The concentrations and incubation duration of the
agents used in this study were determined after preliminary
experiments.

Western blot analysis for Rho-kinase

The ureteral as well as aortic smooth muscles of sheep were
homogenized with the lyses buffer solution (composition in
mM; Tris—HCI (pH = 7.4) 50 mM, NaCl 400 mM, EGTA 2mM,
EDTA 1mM, dithiothreitol 1mM, phenylmethylsulfonyl
fluoride 10 uM, leupeptin 10 ugml~', pepstatin 1 pugml™',
benzamidine 1mM). The homogenate was centrifuged at
1500 x g for 10 min at 4°C to remove nuclei and unlysed cells,
and the supernatant was removed. It was then used for protein
analysis (with Lowry method) and Western blot analysis.
Equal amounts of proteins (400 ug) were loaded in wells,
electrophoresed on 8% polyacrylamide-sodium dodecyl sul-
fate (SDS) gels and then transferred to a nitrocellulose
membrane overnight. The membrane was blocked with the
blocking agent of enhanced chemiluminescence (ECL advance)
kit (Amersham Biosciences, Freiburg, Germany) in Tris-
buffered solution containing 0.05% Tween-20 (TBS-T) for
1 h. It was then probed with primary antibodies raised against
ROCK-1 (ROKp) or ROCK-2 (ROKua, Polyclonal IgG, Santa
Cruz Biotechnology Inc., CA, U.S.A.) at 1:200 dilution,
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followed by horseradish peroxidase-conjugated secondary
antibody (donkey antigoat, 1:1000, Santa Cruz Biotechnology
Inc., CA, U.S.A)). The blots were then detected with the
advanced chemiluminescence detection kit (Amersham Bio-
sciences, Freiburg, Germany).

Chemicals used

Ethylene glycol-bis(-aminoethyl ether)-N,N,N',N'-tetraacetic
acid (EGTA), ethylenediamine tetraacetic acid (EDTA)
disodium, dithiothreitol, phenylmethylsulfonyl fluoride
(PMSF), leupeptin, benzamidine, Tris—HCI, atropine sulfate,
guanethidine sulfate, carbachol hydrochloride, L-NA and
phenylephrine hydrochloride were obtained from Sigma
Chemical Co (St Louis, U.S.A.). Y-27632 and fasudil were
obtained from Tocris Cookson Ltd (Bristol, U.K.), and TTX
from Alomone (Jerusalem, Israel). Potassium chloride (KCl),
glycine and dodecyl sulfate sodium salt were purchased from
Merck Co (Darmstadt, Germany). Primary antibodies for
ROCK-1 and ROCK-2, and HRP-conjugated secondary
antibody was obtained from Santa Cruz Biotechnology Inc.
(CA, US.A)). ECL advance kit was purchased from Amer-
sham Biosciences (Freiburg, Germany). The kit was used
according to the manufacturer’s guide. Potassium chloride,
phenylephrine hydrochloride, endothelin-1, angiotensin-2,
fasudil and Y-27632 were dissolved in distilled water.

Statistical evaluations

All data represent means +standard error of the mean (s.e.m.)
of n observations. Contractions to phenylephrine and carba-
chol were expressed as milliNewton (mN) of tension per g of
wet tissue. The relaxations to Y-27632 and fasudil were
evaluated as percent reductions of active tone induced by KCI.
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For spontaneous contractions, the amplitude of the contrac-
tions at a given time was expressed as percentage of the
contraction amplitude obtained at the time zero. After the
application of test drugs, the spontaneous contractions were
evaluated at the end of 15, 20 or 60 min in the same manner.
For statistical comparison, one-way analysis of variance
(ANOVA) followed by the Bonferroni post hoc test or
Student’s t-test, if appropriate, was used. A P-value less than
0.05 was considered significant. Graphs were drawn using the
GraphPad Prism 3.0 program (GraphPad software, San
Diego, CA, U.S.A)).

Results

Effects of TTX, atropine, guanethidine, L-NA, fasudil
and Y-27632 on EFS-elicited contractions
and spontaneous contractile activity

TTX (3 x 107°M) almost abolished EFS-induced contractions
in that at 2, 4, 8, 16 and 32 Hz EFS-evoked contractions were,
respectively, 0+0, 1. 4+1.4,2.44+1.2,7.5+1.7and 7.5+ 1.6%
of the corresponding control series (Figure 1). Atropine
(2% 107°M) and guanethidine (10~°M) markedly inhibited
these contractions (Figure 1). Electrically induced contractions
were significantly augmented in the presence of L-NA (107*M,
Figure 1). The Rho-kinase inhibitors, Y-27632 (5 x 107°>M)
and fasudil (5 x 107> M), produced a significant inhibition on
the EFS-elicited contractions (Figure 2 and 3). The sheep
ureteral helical strips exhibited spontaneous contractile activity
with the frequency of 0.2+0.007Hz (n=>51). The mean
amplitude of the spontaneous contractions was 11.0+0.8 mN
(n=51). None of these agents but Y-27632 (107¢ and 10> M)
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Figure 1 Effects of TTX (left upper panel, 3 x 10°°M, n=38), L-NA (right upper panel, 10~*M, n=11), atropine (left lower panel,
2 x 107°M, n=8) and guanethidine (right lower panel, 107°M, n=8) on the EFS (60V, 1 mS, 2, 4, 8, 16, 32 Hz, 20 S)-elicited
contractions. The contractions were expressed as percent of control (the first series). Data represent means+s.e.m. *P<0.05,
**P<0.01, ***P<0.001. Comparison was made by ANOVA, followed by Bonferroni post hoc test.
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Figure 2 Effects of Y-27632 (5x107°M, n=7) and fasudil
(5x107°M, n=5) on the EFS (60V, 1mS, 2, 4, 8, 16, 32Hz,
20 S)-elicited contractions. The contractions were expressed as
percent of control (the first series). Data represent means+s.e.m.
*P<0.05, **P<0.01, ***P<0.001. Comparison was made by
one-way ANOVA, followed by Bonferroni post hoc test.
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Figure 3 Original tracings showing the effects of the Rho-kinase
inhibitor Y-27632 (107°-5x 107°M) on EFS (60V, 1mS, 8, 16,
32Hz, 20S, upper panel)-elicited and spontaneous (lower panel)
contractions in the helical strips of the sheep ureter. Note that
Y-27632 suppresses not only EFS-induced contractions but also
spontaneous contractile activity.

and fasudil (107° and 107> M) had suppressing effects on the
spontaneous contractions (Figure 3 and Table 1).

Effect of Rho-kinase inhibitors, Y-27632 and fasudil, on
KCI-, phenylephrine- and carbachol-induced contractions

Y-27632 (107%-10~*M) and fasudil (10-*~10~*M) produced
relaxation in a concentration-dependent manner on KCI
(80 mMm)-elicited contraction (Figure 4). pD, values for Y-
27632 and fasudil were 5.17+0.07 and 4.58 +0.08, respectively
(P<0.001). Y-27632 (5x107°M) and fasudil (5x 107 M)
conspicuously inhibited the contractions induced by phenyl-
ephrine and carbachol (Figures 5 and 6).

Expression of Rho-kinase in the sheep ureter and aorta

Western blot analysis revealed that both isoforms of ROCK
(ROCK-1 and ROCK-2) were expressed in the sheep ureteric
smooth muscle at the molecular weight about 160 kDa. When
compared with expression levels in the sheep aorta, the ureteral

Table 1 Influence of N¢nitro-L-arginine (L-NA),
tetrodotoxin, atropine, guanethidine, fasudil and Y-
27632 on the spontaneous contractile activity of the
isolated sheep ureteral helical strips

Control 90.94+2.8%,n=12
L-NAME (10~*M) 96.242.9%, n=17, NS
Control 94.342.1%,n=15
TTX (3% 107°M) 93.1+5.2%, n=4, NS
Control 90.94+2.8%, n=12
Atropin (107°M) 97.142.1%, n=7, NS
Control 76.1+7.5%,n=17
Guanethidine (107> M) 89.843.8%, n="7, NS
Control 943+2.1%,n=15

Y-27632 (10-°M)
Y-27632 (107> M)
Fasudil (10-°M)
Fasudil (107 M)

55.743.0%*** n="17
15.243.1%*** n==6
67.1+3.4%*** n=4
43.0+2.4%***, n=4

The amplitude of contractions at a given time was expressed
as the percentage of the contraction amplitude obtained at
time zero. After the application of L-NA and atropine, the
spontaneous contractions were evaluated at the end of 20 min;
for Y-27632, fasudil and TTX at the end of 15min and for
guanethidine at the end of 60 min. For comparison, one-way
ANOVA followed by Bonferroni post hoc test was used.
***P<0.001, NS: not significant.
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Figure 4 Effect of Y-27632 (10~%-10~*M, cumulatively, n=7) and
fasudil (107-10~*M, cumulatively, n=6) on KCI (80 mM)-induced
tonic contraction. Relaxations were expressed as percent reductions
in the KCl-induced contraction. Data represent means +s.e.m.

smooth muscle expressed these proteins significantly less
(Figure 7).

Discussion

In this study, we examined the possible involvement of Rho/
Rho-kinase pathway in the spontaneous as well as EFS, KCl,
phenylephrine and carbachol-induced contractions of the
sheep ureter. Furthermore, we detected the expression of two
isoforms of Rho-kinase in this tissue, and compared its
expression level to that in the sheep aortic smooth muscle.
EFS of the sheep ureteral smooth muscle induced contrac-
tion, which was abolished by the sodium channel blocker TTX,
indicating that the mediators responsible for the contractile
activity could be released from nerves. The mammalian ureter
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Figure 5 Effects of carbachol, a cholinergic agonist (CCh, 107*-10*M, left panel, n=7), and phenylephrine, an a-adrenoceptor
agonist (Phe, 107%-10"*M, right panel, n=7) in the absence and presence of the Rho-kinase inhibitor, Y-27632 (5 x 107>M).
Contractions were expressed as mN of the wet tissue weight (g). Data represent means +s.e.m. ¥*P<0.05, *** P <(0.001. Comparison
was made by one-way ANOVA, followed by Bonferroni post hoc test.
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Figure 6 Effects of carbachol, a cholinergic agonist (CCh, 107*~10*M, left panel, n=7), and phenylephrine, an a-adrenoceptor
agonist (Phe, 107%-10~*M, right panel, n=4), in the absence and presence of the Rho-kinase inhibitor, fasudil (5 x 107>M).
Contractions were expressed as mN of the wet tissue weight (g). Data represent means +s.e.m. ¥**¥*P<0.01, ***P <0.001. Comparison
was made by one-way ANOVA, followed by Bonferroni post hoc test.
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Figure 7 Demonstration of the expressions of ROCK-1 and ROCK-2 in the sheep ureteric (n =4) and aortic (n =4) smooth muscle
homogenates by Western blotting. The homogenates were submitted to SDS-PAGE with 8% polyacrylamide and then transferred
to a nitrocellulose membrane (PVDF). The membrane was blocked with an ECL Advance blocking agent in Tris-buffered solution
containing 0.05% Tween-20 (TBS-T) for 1 h. It was then probed with a primary antibody raised against ROCK-1 and ROCK-2
(Polyclonal IgG) at 1:200 dilution, followed by horseradish peroxidase-conjugated secondary antibody (donkey antigoat, 1:1000).
Proteins bound with the antibodies were then visualized by the ECL Advance kit. Densitometric analysis of the protein bands was

evaluated by a computer program (Scion image, U.S.A.).
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is innervated by afferent sensory, noradrenergic, cholinergic,
nitrergic and some other nerves. Acetylcholine, noradrenaline
and tachykinins such as substance P and neurokinin A exert as
excitatory neurotransmitters, whereas calcitonine gene-related
peptide and nitric oxide (NO) act as inhibitory neurotrans-
mitters (Santicioli & Maggi, 1998). Accordingly, in the present
study, atropine and guanethidine inhibited EFS-induced
contraction. Moreover, L-NA augmented these contractions,
indicating that concomitant release of NO upon EFS may
modulate the contractile effects of excitatory neurotransmit-
ters. However, myogenic spontaneous contractile activity of
the ureter is somewhat different. This contraction was not
inhibited in the presence of TTX, excluding any neurogenic
components. Neither was it affected by atropine or guanethi-
dine, indicating that neither cholinergic nor adrenergic
components are involved in this contractile activity. In
support, it has been demonstrated that spontaneous waves of
the renal pelvic smooth muscle are resistant to cholinergic,
noradrenergic and neuronal blockers, suggesting that this
activity is purely myogenic in origin (Seki & Suzuki, 1990).
Finally, the NOS inhibitor, L-NA had no influence on
spontaneous contraction, excluding any modulation of NO
in the contractions. In addition, NO synthase blockers did not
affect the motility of the guinea-pig (Maggi et al., 1995) and
sheep ureter (Garcia-Pascual er al., 1996). It is know that
functional capsaicin-sensitive sensory afferents and endogen-
ous release of both tachykinins and prostanoids are essential
in the maintenance of normal peristalsis (Lang et al., 2002). In
confirmation, Patacchini et al. (1998) have reported that a
tachykinin, neurokinin A, produced concentration-dependent
contraction of human and guinea-pig ureter, which was
inhibited by a selective NK, receptor antagonist. In this study,
however, we did not have any decisive findings over the main
mechanism(s) of the myogenic spontaneous contractions.
Nevertheless, since Y-27632 and fasudil had suppressor effects
on the contractile activity, the Rho/Rho-kinase pathway seems
to be involved in the spontaneous contractions, regardless of
the nature of excitatory mediator(s) or upstream mechanisms.
It has been proposed that there might be some putative
pacemakers responsible for the initiation of peristaltic waves in
the renal pelvis as well as ureteral smooth muscle (Maggi ef al.,
1988; Lammers et al., 1996). It has been reported that normal
ureteral peristalsis is physiologically due to the myogenic
properties of pyeloureteral smooth muscle; however, in
pathological conditions such as those occurring during a
passage of a stone or a bacterial infection, local efferent and
function of capsaicin-sensitive sensory nerves may possibly
affect ureteral peristalsis (Santicioli & Maggi, 1998). In the
present study, however, we did not try any exogenously
applied tachykininergic compounds like neurokinin A or
substance P. Therefore, we did not examine the effect of
Y-27632 and fasudil on these agents-induced contractions.
However, it has been demonstrated that Rho/Rho-kinase
signalling is also involved in the tachykinin receptor-induced
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signal transduction in the rat urinary bladder smooth muscle
(Wibberley et al., 2003). Therefore, it is possible that Y-27632
and fasudil would be able to inhibit the effects of excitatory
tachykinin agonists in the sheep ureteric smooth muscle.

With respect to the agonists, phenylephrine-induced con-
traction was suppressed by Y-27632 and fasudil in the sheep
ureter, as shown in the mouse vas deferens (Biiyiikafsar ez al.,
2003), indicating that a-adrenoceptors could be involved in
the Rho/Rho-kinase signalling. Indeed, it has been reported
by many researchers that phenyephrine- and noradrenaline-
induced contractions were dramatically inhibited by Rho-
kinase inhibitors (see for reviews, Fukata et al., 2001;
Wettschureck & Offermanns, 2002). Adrenaline, noradrenaline
and phenylephrine produced concentration-dependent in-
creases in both the phasic activity and basal tone of ureteral
preparations, which were mediated by o-adrenoceptors (Her-
nandez et al., 1992). On the other hand, carbachol-induced
contraction was also attenuated in the presence of Y-27632
and fasudil. This shows that cholinergic receptors may be
coupled with this novel signalling pathway. In the isolated
canine ureteric spiral preparation, it has been demonstrated
that carbachol induced contraction, and this contraction could
be mediated by M; cholinergic receptor (Tomiyama et al.,
2003). These are consistent with the data obtained in the EFS
series, where atropine and guanethidine inhibited EFS-evoked
contraction.

It has been known that Rho-signalling can be activated by
the stimulation of heterotrimeric G protein-coupled receptors
(Somlyo & Somlyo, 2000). However, in the present study, Y-
27632 and fasudil relaxed the ureteral smooth muscle, which
was contracted by KCI. It has been known that K*
stimulation induces an increase in intracellular free Ca®"
concentration of smooth muscles. Although we did not check
whether KCl might cause the release of any excitatory
neurotransmitters from the nerves supplying the tissue, it
may act on the smooth muscle as in gastric fundus
(Biiyiikafsar & Levent, 2003) and vas deferens (Biiyiikafsar
et al., 2003). Consequently, Ca’" entry may activate Rho-
signalling pathway, like Ca’>"-induced Ca®* sensitization in
smooth muscle cells. In order to ascertain this hypothesis,
further studies are needed.

In conclusion, the results of this descriptive study indicate
that Rho-kinase of both isoforms are expressed in the sheep
ureteric smooth muscle, and it plays a substantial role in the
spontaneous activity as well as the contractions induced by
EFS, KCIl, phenylephrine and carbachol. Since Y-27632 and
fasudil have the marked inhibitions on these contractions, the
ROCK inhibitors seem to be potential therapeutic agents in
the renal colic treatment.
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