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Purine- and pyrimidine-induced responses and P2Y receptor
characterization in the hamster proximal urethra
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1 Purine and pyrimidine compounds were investigated on hamster proximal urethral circular smooth
muscle preparations. In situ hybridization studies were carried out to localize P2Y,, P2Y,, P2Y, and
P2Y¢ mRNA. Protein expression was studied using Western blotting analysis with antibodies against
P2Y, and P2Y, receptors.

2 The hamster urethra relaxed with an agonist potency order of: 2-MeSADP>f,y-
meATP = ATP =adenosine = ADP>2-MeSATP >, f-meATP>TTP>CTP=UTP>GTP =UDP.
The high potency of 2-MeSADP is suggestive of an action via P2Y, receptors. Although the order is
not characteristic for any known single P2Y receptor subtype, it may represent a combination of P2Y
receptor subtypes.

3 The selective P2Y, receptor antagonist MRS2179 inhibited ATP-, 2-MeSADP-, 2-MeSATP-,
B,y-meATP-, and to a lesser degree o,ff-meATP-induced responses.

4 Adenosine, but not ATP, was inhibited by the adenosine receptor antagonist 8-phenyltheophylline,
indicating that ATP was not acting via adenosine following enzymatic breakdown.

5 Western blotting analysis showed the expression of both P2Y, and P2Y, receptors, confirming the
results obtained with in situ hybridization that showed the expression of both P2Y, and P2Y,, but not
P2Y, or P2Y, mRNA, in smooth muscle layers of the hamster proximal urethra.

6 It is proposed that the relaxant response of the urethra to ATP may be evoked through the
activation of the combination of receptors for P2Y, and to a lesser extent P2Y, receptors, which may
mediate a trophic effect in addition. A P2Y subtype responsive to o,f-meATP and P1 receptors may
contribute to urethral smooth muscle relaxation.
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Introduction

Previous studies have shown that in the hamster and other
mammals, including humans, the main non-adrenergic, non-
cholinergic (NANC) inhibitory neurotransmitter of the ure-
thra is nitric oxide (NO) (Garcia-Pascual et al., 1991;
Andersson & Persson, 1993; Parlani et al., 1993; Lee et al.,
1994; Burnstock, 2001). However, our previous studies and
those of others, revealed that inhibitors of NO production do
not block completely the neurogenic relaxant response induced
by electrical stimulation, suggesting the involvement of at least
one other inhibitory transmitter in addition to NO (Hashimoto
et al., 1993; Werkstrom et al., 1995; Pinna et al., 1996; 1998;
1999; Ohnishi et al., 1997). These studies also demonstrated
that relaxation of hamster and rabbit urethral strips to
electrical field stimulation and to exogenous ATP were
affected by ATP antagonists such as suramin and Reactive
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blue 2, suggesting that ATP is a cotransmitter, together with
NO and possibly with vasoactive intestinal polypeptide
(Hashimoto et al., 1993; Burnstock, 1999). There is
already considerable evidence showing ATP as an excitatory
cotransmitter with acetylcholine in the urinary bladder
(Burnstock, 2001). It has been suggested that P2Y receptors
mediate the relaxation of urethral smooth muscle in rat and
rabbit (Callahan & Creed, 1981; Pinna et al., 1996; 1998;
Ohnishi et al., 1997; Otomo et al., 1999; Andersson, 2001).
However, the physiological role of ATP and related purines
in this tissue is poorly understood and the localization
of purinoceptor subtypes in the urethra has yet to be
demonstrated.

The aim of this study was to further characterize the
subtype(s) of P2 receptor mediating relaxation of the hamster
proximal urethra by pharmacological means and to localize
receptors by means of in situ hybridization and Western
blotting analysis.
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Methods
Tissue preparation

Male golden Syrian hamsters weighing (100-115g, 1 month
old) were used for the experiments. Procedures involving
animals and their care conformed to Institutional Guidelines
that comply with National (D.L. no. 116 G.U. suppl. 40, 18
February 1992) and International Laws and Policies (EEC
Council Directive 86/609, OJL 358, 1, 12 December 1987; NIH
Guide for the Care and Use of Laboratory Animals, NIH
Publication No. 85-23, 1985). Animals were killed by
asphyxiation with CO, and death was confirmed by cervical
dislocation, the abdomen was opened, and the bladder and the
urethra were quickly removed as described previously (Pinna
et al., 1996). The urethra was then separated from the bladder
by a transverse cut at the level of the bladder neck.

Organ bath experiments

Urethral tissues were placed in cold, modified Krebs solution
of the following composition (mM): NaCl 133, KCI 4.7,
NaH,PO, 1.4, MgSO, 0.6, CaCl, 2.5, NaHCO; 16.4 and
glucose 7.7, pH 7.3, when gassed with 95% 0,/5% CO,.

Two circular smooth muscle strips (2 x 1 mm) were prepared
from each wurethra under a dissecting microscope and
suspended in 5-ml organ baths containing modified Krebs
solution gassed with 95% O,/5% CO, at 37+0.5°C. Tissues
were equilibrated for 1h under a resting tension of 0.5g
(4.9mN). Force was recorded by means of a Grass FT03C
isometric force transducer coupled to a four-channel Grass
79D ink-writing oscillograph.

Preliminary experiments were performed to ensure that
arginine vasopressin (AVP) at 10nM (approximate ECs,
concentration) induced a stable and long-lasting contraction
of the preparations.

After the equilibration period, cumulative concentration—
response curves to adenosine, ADP, ATP, 2-methylthio ADP
(2-MeSADP), 2-methylthio ATP (2-MeSATP), «,-methylene
ATP (o,f-meATP), f,y-methylene ATP (f,y-meATP), CTP,
GTP, TTP, UDP and UTP were constructed in strips
precontracted with AVP (10nM). Each preparation was
challenged with one agonist only and time controls were
carried out to ensure that responses were reproducible. The
tissues were then washed several times with fresh Krebs
solution and left (for about 1h) until the resting tone had
recovered and tonic contractions had ceased. The selective
P2Y, antagonist N°-methyl-2’-deoxyadenosine-3’,5'-bisphos-
phate (MRS2179; 1-30uM), the adenosine antagonist
8-phenyltheophylline (8-PT; 30 uM) and the adenosine uptake
inhibitor dipyridamole (10 uM) were added to the bath 30 min
before the preparations were once again precontracted with
AVP and subjected to the same agonists.

In situ hybridization

Probes Antisense oligonucleotide probes, 45 nucleotides
in length, for rat P2Y,, P2Y,, P2Y, and P2Y, receptors were
obtained from either Genosys (U.K.) or MWG Biotech
(Germany) and were labelled at their 3’-end with the DIG
oligonucleotide tailing kit (Roche Diagnostics) according to

the manufacturer’s instructions. The sequences for the probes
were: for P2Y,, 5-ACG TGG CAT AAA CCC TGT CAT
TGA AAG CAC ACA TTG CTG GGG TCT-3/, for P2Y,, 5'-
GAT GGC GTT GAG GGT GTG GCA ACT GAG GTC
AAG TGA TCG GAA GGA-3, for P2Y,, 5-GAC AAT GTT
CAG CAC ATG ACA GTC AGC TTG CAA CAG TCT
TCG CTG-3 and for P2Y,, 5-CGC TTC CTC TTC TAT
GCC AAC CTA CAC GGC AGC ATC CTG TTC CTC-3'.
The specificity of each probe was confirmed by screening the
Genbank database to crossreact with mammalian P2Y,, P2Y,,
P2Y, and P2Y, receptors, respectively.

Tissue handling Proximal urethra were removed quickly
and immediately put in ice-cold Hanks balanced salts solution,
pH 7.5 (GIBCO BRL, Scotland). Unfixed tissues were
embedded in Tissue-Tek (Sakura Finetek, Netherlands) and
frozen in isopropanol precooled in liquid nitrogen. Cryostat
sections (10 um) were cut and placed on poly-L-lysine-coated
slides. Tissues were postfixed for 6 min at room temperature
in 4% formaldehyde (BDH Laboratory Supply, U.K.) in
phosphate-buffered saline (PBS).

Hybridization Tissues were dehydrated in ethanol (70, 80,
90 and 100%), air-dried and incubated in pre-hybridization
buffer (50% formamide; 2 x saline sodium citrate buffer
(SSC); 1 x Dennhardt’s), 1 mgml~' denatured, sheared salmon
sperm DNA (Sigma) and 1mgml™' tRNA type X from
bakers yeast (Sigma) for 1h at 37°C in a humidified chamber.
This was followed by incubation in hybridization buffer
(1 ng labelled probe in 1 ul prehybridization buffer) at 37°C
overnight. Washing of unhybridized probe was carried
out as follows: 2 x 5min in 2 x SSC at room temperature,
2 x 15min in 2 x SSC at 37°C, 2 x 15min in 1 x SSC at 37°C,
with a final stringency wash of 2 x 30min in 0.5 x SSC at
37°C. DIG-labelled probes were detected by anti-DIG-alkaline
phosphates labelled Fab fragments (Boehringer/Mannheim).
Negative controls included omission of the probe and
competing labelled probe with a 75-fold excess of unlabelled
probe.

Electrophoresis and Western blotting analysis

Total proteins from three hamster proximal urethras (30 mg)
were extracted with 210 ul of lysis buffer containing 50 mM
Tris—HCI, pH 7.4, 150mM NaCl, 1% Nonidet P-40, 25 mM
NaF, 0.5% sodium deoxycholate, 10% SDS, lmM EGTA,
I mM phenylmethylsulphonyl fluoride, 1 mM orthovanadate,
10mM sodium pyrophosphate supplemented with complete
protease inhibitors cocktail 5 ulml~!, and 2% p-mercaptoetha-
nol. The protein extract was subjected to four cycles of
ultrasonication for 30s. The lysates were then boiled for 5 min
and centrifuged for 10min at 13,000 r.p.m. The supernatant
(about 200 ul) was collected and incubated with 1800 yl of iced
acetone for 30 min at —20°C. Lysates were then centrifuged at
8000 r.p.m. for 10 min at —4°C, and the pellet was collected
and solubilized in 150 ul of lysis buffer. A protein determina-
tion was performed to establish the final protein concentra-
tion. Protein electrophoresis was performed on 5% SDS-
polyacrylamide gel electrophoresis (SDS-PAGE) at a constant
voltage of 120V for 120 min, using a Bio-Rad Mini-Protein II
cell (Bio-Rad Laboratories, Hercules, CA, U.S.A.). Protein
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loadings were 40 and 60ug in each well. Proteins were
electrophoretically transferred to nitrocellulose membranes
Hybond-C extra (Amersham U.K., Amersham), using a
transblotter (Mini-Protein II) at a constant voltage of 100V
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Figure 1 Cumulative concentration—response curves to ATP, ADP

and adenosine on AVP (10nM ) precontracted urethral strips. (a)
Concentration—response curves to ATP, ADP and adenosine (all
from 0.1uM to 1mMm). (b) Concentration-response curves to
adenosine in the absence and presence of 8-PT (30uM). (c)
Concentration—response curves to ATP in the absence and presence
of 8-PT (30uM). All points show the mean+s.e.m. of eight
experiments, unless occluded by the symbol. ***P<0.001 following
a two-way ANOVA and Tukey’s post hoc test.

for 70 min in transfer buffer containing Tris-HCl (25 mM),
glycine (192mM) and 20% methanol. After transfer, the
membranes were blocked for 1h in TBS containing 0.1%
Tween 20 and 5% dried skimmed milk. The membranes were
incubated with rabbit anti-P2Y, (diluted 1:200), rabbit anti-
P2Y, (diluted 1:200) (Alomone Labs, Jerusalem, Israel) and
negative control (the antibodies were preincubated with their
homologous peptide antigen for 1h at room temperature),
overnight. The membranes were washed three times with
washing buffer at room temperature and were incubated with
an antirabbit antibody IgG peroxidase labelled (diluted
1:5000) (Vector Laboratories, Inc., Burlingame, CA, U.S.A.)
for 45min. After washing, a chemiluminescence system ECL
Western blotting RPN 2108 (Amersham Pharmacia Biotech)
was used to visualize the reaction product, and the signals were
detected by autoradiography with Hyperfilm ECL (Amersham
Pharmacia Biotech). Photographs were taken using an image
scanner (CanoScan D1250, Tokyo, Japan) and pictures were
processed using Paint Shop Pro 5 software (Jasc Software,
Inc., U.K.) on an Olidata IBM-compatible PC. The procedure
for electrophoresis and Western blotting analysis was repeated,
using a protein extract from three different hamsters, with
identical results.

Solutions and drugs

Adenosine, ADP, ATP, AVP, 2-MeSADP, 2-MeSATP,
o,f-meATP, f,y-meATP, CTP, GTP, TTP, UDP, UTP, 8-
PT, dipyridamole and MRS2179 were all purchased from
Sigma-Aldrich Company Ltd (Poole, U.K.). All compounds
were dissolved in distilled water, with the exception of §8-PT,
which was dissolved in 50% dimethyl sulfoxide/50% distilled
water.

Table 1 Threshold concentration of agonist inducing
a relaxant response, maximum relaxation (relaxant
responses to all agonists were expressed as %
inhibition of the AVP-induced contraction) observed
at 1 mM concentration, and p[A],s (concentration that
induced 25% relaxation) values +s.e.m. of six to eight
experiments in the hamster proximal urethra

Threshold Relaxation in response plA] s
concentration toImM (%)
(u™M)

ATP 1.0 74.9+0.2 4.13+£0.07
ADP 1.0 70.0+4.8 4.03+0.07
Adenosine 1.0 68.6+3.0 4.284+0.05
o, f-meATP 0.3 53.8+3.6 3.50+0.08*"
p,y-meATP 0.1 63.7+4.4 4.25+0.09
2-MeSADP 0.1 73.1+4.9 4.45+40.10
2-MeSATP 3.0 59.0+3.1 3.89+0.07%°
CTP 100 444433 3.3140.17*°
GTP 30 32.0+5.5 3.16£0.16°
TTP 10 48.1+3.9 3.43+0.12%°
UDP 3.0 19.2+4.5 <3.00
UTP 1.0 34.0+3.8 3.23+0.13*°

“Indicates significant difference of agonist p[A],s values from
pl[AlLs of ATP (P<0.05 or less).

“Indicates significant difference of agonist p[A],s values from
plAls of 2-MeSADP (P <0.05 or less).
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Data analysis

All the data are the means+s.e.m. of six to eight individual
observations. Relaxant responses to ATP and related purines
and pyrimidines are expressed as % inhibition of the AVP-
induced contraction. Concentration-response curves were
prepared by means of the software Prism v.3.0 (GraphPad
Software, San Diego, CA, U.S.A.): for each curve, the
program calculates the lower and upper plateau, the slope
and the ECs value+s.e.m. The potency of the agonist in
causing relaxation was expressed as the negative log;, of the
molar concentration of the agonist producing 25% of the
response (p[Alys), calculated by non-linear regression analysis
of the individual log concentration-response curves. A one-
way analysis of variance (ANOVA) followed by Tukey’s post
hoc test was used to compare p[A],s values and maximal
responses to agonists. Concentration—response curves and the
effect of antagonists were compared by a two-way ANOVA
followed by a Tukey’s post hoc test. A probability level of
P <0.05 was considered significant for all tests.
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Figure 2 Cumulative concentration—response curves to purine and
pyrimidine agonists on AVP (10 nM) precontracted urethral strips.
(a) Concentration—response curves to 2-MeSADP, 2-MeSATP,
o,f-meATP and f,y-meATP (all 0.1 uM—1 mM). (b) Concentration—
response curves to TTP, CTP, UTP, GTP and UDP (all 0.1 uM—
1 mM). All points show the mean +s.e.m. of six to eight experiments,
unless occluded by the symbol.

Results

Effects of ATP, ADP and adenosine

In circular smooth muscle strips of hamster proximal urethra,
AVP (10nM) induced stable, reproducible contractions (mean
contraction 208.2+23.6mg). Exogenous ATP (1 uM—1 mM),
ADP (1 uM—1mM) and adenosine (1 uM—1 mM) elicited con-
centration-dependent relaxations of the urethra (measured as
% inhibition of the AVP-induced contraction) (Figure la).
The p[Al],s values, threshold concentration to induce a
response and the maximum relaxation at the highest concen-
tration tested for all agonists tested are shown in Table 1.

Effects of an adenosine receptor antagonist and uptake
blocker

The adenosine receptor antagonist 8-PT (30 uM) significantly
(P<0.001) inhibited adenosine-induced relaxations (Figure 1b)
on AVP (10nM) precontracted urethral strips, but failed to
inhibit ATP-induced relaxations (Figure 1c). The adenosine
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Figure 3 Cumulative concentration-response curves to purine
agonists on AVP (10nM) precontracted urethral strips. (a) Con-
centration—response curves to ATP (0.1 uM—1 mM) in the absence
and presence of MRS2170 (1-30 uM). (b) Concentration—responses
curves to o, ;-meATP, f,7-meATP and 2-MeSATP (all 0.1 uM—1 mMm)
in the absence and presence of MRS2179 (10 uM). All points show
the mean +s.e.m. of six to eight experiments, unless occluded by the
symbol. **P<0.01, ***P<0.001, following a two-way ANOVA and
Tukey’s post hoc test.
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uptake inhibitor dipyridamole (10 uM) had no effect on ATP-
induced relaxations (data not shown).

Effects of ATP analogues, purines and pyrimidines

Exogenous 2-MeSADP, 2-MeSATP, o,f-meATP and f,y-
meATP (all 0.1 uM—1 mM) evoked concentration-dependent
relaxations of AVP-precontracted strips of urethra (Figure 2a).
In AVP-precontracted strips, CTP, GTP, UDP, UTP and TTP
(Figure 2b) induced concentration-dependent relaxant re-
sponses, which were significantly smaller than responses to
ATP. Based on the concentration—response curves, the agonist
potency order was found to be: 2-MeSADP > f,y-meATP =
ATP = adenosine = ADP >2-MeSATP >a,-meATP >TTP >
CTP=UTP>GTP=UDP.

Effect of the selective P2Y,; antagonist MRS2179

The selective P2Y; antagonist MRS2179 (10-30 uM) signifi-
cantly (P<0.001) inhibited ATP-induced responses
(Figure 3a), whereas 1uM MRS2179 had no effect. In
addition, relaxant responses to 2-MeSATP, f,y-meATP and
to a lesser extent o,f-meATP were reduced by MRS2179
(10 um) (Figure 3b) (P<0.001 for 2-MeSATP and f3,y-meATP;
P<0.01 for o, -meATP).

In situ hybridization

In hamster urethra, P2Y, receptor mRNA was detected in the
sub-epithelial and in the smooth muscle layer (Figure 4a, ¢ and
d). The signal appeared to be particularly strong in the circular
smooth muscle layer. P2Y, receptors were also detected in the

Figure 4 In situ hybridization showing localization of P2Y,; receptor mRNA in hamster proximal urethra. (a) Overview of P2Y,
receptor mRNA expression. (b) Negative control competing labelled P2Y, oligonucleotide probe with an excess of unlabelled probe,
abolishing the staining shown in (a); (c, d) show at higher magnification positive signals on the longitudinal and circular smooth
muscle layer just beneath the epithelium. Scale bars: (a, b) 300 um; (c, d) 40 um. Double arrows: longitudinal smooth muscle; single

arrows: circular smooth muscle; arrowheads: epithelium.

British Journal of Pharmacology vol 144 (4)
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b

Figure 5 [In situ hybridization showing localization of P2Y, receptor mRNA transcripts in hamster proximal urethra. (a) Overview
of P2Y, receptor mRNA expression. (b) Negative control competing labelled probe for P2Y, receptors with an excess of unlabelled
probe, abolishing the staining shown in (a). (c) P2Y, receptor mRNA is expressed on the longitudinal and circular smooth muscle
layer just beneath the epithelium. (d) Expression at higher magnification of P2Y, mRNA on the circular and longitudinal smooth
muscle layer in phase contrast. Scale bars: (a, b) 160 um; (c) 40 um and (d) 20 um. Double arrows: longitudinal smooth muscle; single

arrows: circular smooth muscle and arrowheads: epithelium.

same structures (Figure 5a, ¢ and d), but seemed to be staining
less intensely. Conversely, no P2Y, or P2Ys mRNA expression
was detected on this tissue. Competition of labelled oligonu-
cleotide probe for P2Y, receptors with an excess of unlabelled
probe resulted in complete absence of any staining (Figure 4b).
Competition of labelled probe for P2Y, receptors with an
excess of unlabelled probe completely abolished any staining
for P2Y, receptors (Figure 5b).

Western blotting

The Western blotting analysis was performed using a protein
extract from three hamster urethral tissues and was repeated
twice, obtaining identical results. There were two P2Y, bands
(40 and 45kDa) (Figure 6a). In the peptide control membrane
(the antibody was preincubated with its specific control
peptide antigen for 1h), no bands were found, indicating that

the bands represent the P2Y, receptor. The result for the P2Y,
receptor is shown in Figure 6b. There were three P2Y, bands
(about 30, 50 and 120kDa), and no bands were found in the
peptide control membrane, indicating that all the bands
represent the P2Y, receptor. The intensity of the P2Y, receptor
bands was higher than for the P2Y, receptor subtype.

Discussion

A role for ATP as a neurotransmitter in the lower urinary tract
is well established (Burnstock, 2001) and many studies have
described the activity of ATP and the localization of P2
receptors in the urinary bladder (Burnstock et al., 1978; Hegde
et al., 1998; McMurray et al., 1998; Obara et al., 1998; Lee
et al., 2000). The role of ATP and the localization of P2
receptors in the urethra have been less intensely studied

British Journal of Pharmacology vol 144 (4)
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Figure 6 Western blotting analysis of (a) P2Y, and (b) P2Y,
receptor subtypes in hamster proximal urethra (protein loading, lane
1:40 and lane 2:60 ug). In the anti-P2Y; membrane, two bands
approximately at 40 and 45kDa, have been found. In the peptide
control membrane (anti-P2Y, antibody preincubated with the
control peptide antigen), no bands were found. We found three
bands for P2Y, receptors at about 30, 50 and 120kDa. In the
peptide control membrane (anti-P2Y, antibody preincubated with
the control peptide antigen), no bands were found in the specific
regions.

although the possibility that ATP is a cotransmitter has been
put forward (Callahan & Creed, 1981; Hills et al., 1984; Bo &
Burnstock, 1992; Ohnishi et al., 1997; Deplanne et al., 1998).

Our previous studies showed that electrical field stimulation-
induced relaxations of the hamster urethral smooth muscle
were mediated principally by NO, as the majority of the
response was inhibited by agents that attenuated NOS
production, but that the residual component of the response
was inhibited by suramin and Reactive blue 2, implying that
ATP was mediating a proportion of the NANC response,
probably via a P2Y receptor (Pinna et al., 1996; 1998). In
addition, exogenous ATP was found to evoke concentration-
related relaxations of the hamster urethra and removal of the
epithelium did not affect these responses, suggesting localiza-
tion of a receptor for ATP on the smooth muscle (Pinna et al.,
1996). The aim of this study was to further characterize the
P2Y receptor subtype(s) mediating the relaxation induced by
ATP and other purine and pyrimidine compounds.

At present, eight P2Y receptor subtypes have been cloned
and characterized in mammals (Abbracchio et al., 2003). The
major P2Y receptor that has been found in smooth muscle
preparations appears to be P2Y,, at which 2-MeSADP, ADP

and 2-MeSATP are more potent than ATP, while the stable
analogue o,f-meATP is inactive. P2Y,, P2Y, and P2Y,
receptors have also been described on smooth muscle, where
purines and pyrimidine nucleotides are both potent agonists, at
least in rats (Ralevic & Burnstock, 1998).

In the absence of selective antagonists for most P2Y
receptor subtypes, pharmacological characterization of P2Y
receptor subtypes has relied more on their agonist profiles. In
our study, the hamster proximal urethra relaxed with an
agonist potency order of: 2-MeSADP> f,y-meATP =
ATP =adenosine = ADP >2-MeSATP > o, -meATP>TTP >
CTP=UTP>GTP=UDP. The greater potency of 2-Me-
SADP would seem to indicate that P2Y, receptors were
mediating the relaxation; however, the potency order is not
characteristic for any single P2Y receptor subtype and may
represent a combination of P2Y receptor subtypes. It should
be noted that the highest concentration for the agonist used in
this study (1 mM) might exert some non-specific effects. That
ATP is acting through P2Y, receptors is further supported
since ATP is inhibited by MRS2179, an antagonist that has
selectivity for P2Y, receptors (Boyer et al., 1998; von Kiigelgen
& Wetter, 2000), and P2Y, receptor mRNA was localized in
the sub-epithelial and smooth muscle layers of the urethra.

MRS2179 also significantly antagonized relaxant responses
to ATP, 2-MeSADP, 2-MeSATP, f,y-meATP and o,f-
meATP, suggesting that each agonist was acting at least in
part through P2Y, receptors. The concentration of antagonist
that was necessary to significantly inhibit the agonists (10 uM)
was found to be greater than that published in the literature.
The pA, for MRS2179 in Turkey erythrocytes is reported as
being 6.99 (Boyer et al., 1998) and 6.75 at the human P2Y,
receptor (Jacobson et al., 1999). There are many instances in
the literature where the concentration of MRS2179 inhibiting
responses at P2Y, receptors exceeds published pA, values. For
instance, a concentration range of 0.1-3uM MRS2179 was
used to selectively inhibit relaxations to ADP and ATP but not
UTP in guinea-pig aorta (Kaiser & Buxton, 2002). In a study
of rat hepatocyte function, 100 uM MRS2179 was used to
inhibit P2Y, receptors (Dixon et al., 2004). It has also been
reported that MRS2179 has some activity at other P2Y and
P2X, receptors, although the concentration required
(>100uM) far exceeds that used in this study (Jacobson
et al., 2000).

ATP and adenosine were found to be equipotent. ATP
rapidly breaks down to adenosine by the action of ecto-
nucleotidases, which sequentially dephosphorylate ATP to its
corresponding nucleosides, which in turn can act at Pl
receptors (Moody et al., 1984; Ralevic & Burnstock, 1998).
ATP is not acting via P1 receptors in this tissue since the
adenosine receptor antagonist 8-PT failed to inhibit relaxa-
tions to ATP, but did inhibit relaxations to adenosine. Also,
the adenosine uptake inhibitor dipyridamole had no effect on
ATP-induced relaxations.

The pyrimidine UTP activates P2Y, receptors, reported to
be either more potent than, or equipotent with, ATP (King
et al., 2000). In this study, UTP was found to be considerably
less potent than ATP. While the presence of P2Y, receptor
contributing to the relaxation response of the hamster urethra
cannot be discounted, the very small response to UTP deem:s it
unlikely. This is at variance with the strong signal for P2Y,
receptors seen following in situ hybridization and Western
blotting analyses. P2Y, receptors are known to mediate
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proliferation of cells, for instance, both UTP and ATP induce
proliferation of cultured human keratinocytes and rat aortic
smooth muscle cells (Erlinge et al., 1995; Dixon et al., 1999)
and cultured rat mesangial cell proliferation has been shown to
be mediated in part by P2Y, receptors (Rost et al., 2002).
Thus, the role of the P2Y, receptor may be to mediate trophic
effects.

The presence of a further P2Y receptor subtype in the
hamster proximal urethra is suggested by the activity of o, /-
meATP. An o,f-meATP-sensitive P2Y receptor has been
described in the guinea-pig taenia coli, mouse intestine and
in astrocytes (Brown & Burnstock, 1981; Windscheif ez al.,
1995; Ralevic & Burnstock, 1998; Brambilla er al., 1999;
Giaroni et al., 2002). o,-meATP is generally reported to be a
potent agonist at P2X, and P2X; receptors, as is f5,y-meATP,
both of which are thought to be generally inactive at P2Y
receptors. The greater potency of f,y-meATP in this tissue is
intriguing as o,f-meATP is usually more potent than f,y-
meATP, although f,y-meATP is reported as being more potent
than o,f-meATP at inducing guinea-pig coronary vasodilata-
tion (Vials & Burnstock, 1994). The presence of P2X; and/or
P2X; receptors is unlikely as o,f-meATP failed to induce a
contraction at resting tone (Pinna ez al., 1996). The activity of
MRS2179 at this receptor is unknown, although in this study
MRS2179 has some inhibitory effect against o,-meATP. This
may reflect a species difference. Different species exhibit
variability in agonist potency orders for P2 receptors in
addition to the activity of antagonists and to date there are
relatively few studies on hamster tissues compared with
other rodents (see Burnstock, 1996; von Kigelgen & Wetter,
2000).

The presence of P2Y, and P2Y, receptors was corroborated
by the in situ hybridization studies that showed that expression
of mRNA for both P2Y, and P2Y, receptors, but not for P2Y,
and P2Y,, was localized in the smooth muscle layer in close
proximity with the urothelium. These results have been
confirmed by Western blotting analysis performed with
antibodies raised against P2Y, and P2Y, receptor subtypes.
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