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Abstract

Adenosine receptors involved in modulation of contractions were characterized in the bisected rat vas deferens by combining
pharmacological and immunohistochemical approaches. In both portions, noradrenaline-elicited contractions were enhanced by the adenosine
A, receptor agonist N°-cyclopentyladenosine (CPA), and inhibited by the non-selective adenosine receptor agonist 5'-N-ethylcarbox-
amidoadenosine (NECA) in the presence of the adenosine A; receptor antagonist 1,3-dipropyl-8-cyclopentyl-1,3-dipropylxanthine (DPCPX).
The adenosine A, receptor agonist 2-p-(2-carboxyethyl)phenethyl-amino-5'-N-ethylcarboxamidoadenosine (CGS 21680) also inhibited
noradrenaline-elicited contractions but only in the prostatic portion. Contractions elicited by the stable ATP analogue o,B-methyleneATP
(o, B-MeATP) were inhibited only by NECA in the presence of DPCPX and only in the prostatic portion. This study provides functional
evidence for the presence, in both portions of the rat vas deferens, of an adenosine A receptor-mediated enhancement and of an adenosine A,
receptor-mediated inhibition of contractions. The latter effect is mediated by both A,, and A,g subtypes in the prostatic portion but only by
the A,p subtype in the epididymal portion. This regional variation is supported by the immunohistochemical results that revealed an
adenosine A, 4 receptor immunoreactivity not co-localized with nerve fibres more abundant in the prostatic than in the epididymal portion.

© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Adenosine exerts multiple modulatory effects through
activation of G-protein coupled receptors, known as adeno-
sine or P; receptors. Four adenosine receptor subtypes
have been recognized (A;, A,s, A>g and Aj), each
presenting a unique pharmacological profile (Fredholm et
al., 2001). In addition to the well-known modulation of
neurotransmitter release mediated by prejunctional adeno-
sine receptors, adenosine may also influence transmission
by modulating postjunctional responses. A direct postjunc-
tional modulation was first reported in rabbit kidney and
canine adipose tissue, in situ (Hedqvist and Fredholm,
1976), and later in guinea-pig aorta (Stoggall and Shaw,
1990), rat aorta and bovine coronary artery (Conti et al.,
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1993), in rat spleen (Fozard and Milavec-Krizman, 1993),
guinea-pig pulmonary artery (Szentmiklosi et al., 1995)
and rat mesenteric arterial bed (Rubino et al., 1995). In
general, contractions are enhanced by activation of adeno-
sine A; receptors and inhibited by activation of adenosine
A, receptors (see Ralevic and Burnstock, 1998).

The rat vas deferens is a tissue with ATP/noradrenaline
cotransmission widely used to investigate modulation of
postganglionic sympathetic transmission (Allcorn et al.,
1986; Gongalves and Guimaraes, 1991; Gongalves and
Queiroz, 1993; Kurz et al., 1993). However, it presents
regional differences on the importance of the transmitters
involved in the neurogenic contractile response in the
bisected rat vas deferens. The prostatic portion shows a
more marked purinergic component (mediated by ATP)
while the epididymal portion shows a more marked adre-
nergic component (McGrath, 1978; Sneddon and Machaly,
1992). Therefore, the bisected vas deferens can constitute a
model to investigate whether modulation of postjunctional
responses (namely by adenosine) is similar on tissues that
differ on the importance of ATP as motor transmitter.

0014-2999/03/$ - see front matter © 2003 Elsevier Science B.V. All rights reserved.

doi:10.1016/S0014-2999(02)02926-6



192 C. Diniz et al. / European Journal of Pharmacology 460 (2003) 191-199

In the rat vas deferens adenosine modulates contractile
responses (Hourani and Jones, 1994; Hourani et al., 1993;
Brownhill et al., 1996a,b). By using the bisected rat vas
deferens, it was suggested the existence of regional differ-
ences in this adenosine receptor-mediated modulation: the
adenosine A; receptor-mediated enhancement of contrac-
tions seems to occur in both portions while the adenosine A,
receptor-mediated inhibition seems to occur only in the
prostatic portion (Brownhill et al., 1996a). However, on
this study, contractions were elicited by KCI with a likely
contribution to the KCl-elicited contractions of the released
transmitters, a process influenced by activation of prejunc-
tional adenosine receptors (Ribeiro, 1995). In the present
study the adenosine receptor-mediated modulation of con-
tractions were re-examined in the bisected rat vas deferens
by comparing the effects of selective adenosine receptor
agonists on contractions elicited by exogenous noradrena-
line and «,PB-methyleneATP («,3-MeATP), contractions
likely mediated by the receptors involved on neurogenic
contractions. To support the results obtained with the func-
tional approach, an immunohistochemical study was also
carried out on an attempt to confirm the postjunctional
adenosine receptor subtypes present in the two portions of
the rat vas deferens, particularly the adenosine A, receptor
subtypes. This aim is justified because it was recently shown
that the adenosine A, receptor subtypes involved in the
facilitation of noradrenaline release are different in the two
portions of the bisected rat vas deferens (Queiroz et al.,
2002).

2. Materials and methods

2.1. Chemicals

The following drugs were used: 2-p-(2-carboxyethyl)-
phenethylamino-5'-N-ethylcarboxamidoadenosine hydro-
chloride (CGS 21680), N°-cyclopentyladenosine (CPA),
8-cyclopentyl-1,3-dipropylxanthine (DPCPX), 3,3’-diamino-
benzidine (DAB), l-deoxy-1-[6-[[(3-iodophenyl)methyl]a-
mino]-9H-purin-9-yl]-N-methyl-B-p-ribofuranuronamide
(IB-MECA), 3,7-dimethyl-1-(2-propynyl)xanthine (DMPX),
5'-N-ethylcarboxamidoadenosine (NECA), «,B-methyle-
neadenosine 5'-triphosphate (a,3-MeATP), L-noradrenaline
bitartrate, 3-propylxanthine (enprofylline) and Triton X-
100 obtained from Sigma-Aldrich (Alcobendas, Spain); 4-
(2[7-amino-2-(2-furyl)[1,2,4]triazolo[2,3-a][1,3,5]-triazin-5-
ylamino]ethyl)-phenol (ZM 241385) was from Tocris
(Bristol, UK). Unless otherwise stated, solutions of drugs
were prepared with either distilled water or dimethylsulph-
oxide (DMSO) and diluted with medium immediately
before use (concentration of DMSO in the medium never
exceeded 0.01%). Solvents were added to the superfusion
medium in parallel control experiments. All other reagents
used were of analytical grade.

2.2. Experimental protocols

2.2.1. General

Adult male Wistar rats (230—390 g; CRIFFA, Barcelona,
Spain) were kept under standard laboratory conditions:
light/dark cycle of 12/12 h, temperature of 20—22 °C, and
free access to water and pellet food. The handling and care
of all animals were conducted according to the EU guide-
lines for animal research (86/609/CEE), and adopted by the
Portuguese law (Portaria n. 1005/92, n. 1131/97). Animals
were killed by cervical dislocation and exsanguination and
vasa deferentia (about 55 mg and 2 cm long) removed,
dissected free from surrounding tissues and bisected. Pro-
static (32.1 £ 1.9 mg; n=72; about 0.9 cm length) and
epididymal (17.0 + 2.3 mg; n=57; about 0.8 cm length)
portions were obtained; an intermediate portion of approx-
imately 0.3 cm was rejected.

2.2.2. Contractions

The medium used had the following composition (mM):
NaCl 118.6, KC1 4.7, CaCl, 2.52, MgSO, 1.23, NaHCO;
25.0, glucose 10.0, ascorbic acid 0.3 and dissodium EDTA
0.031. It was saturated with 95% O,—5% CO, and kept at
37 °C. The tissue preparations were suspended in a 20-ml
organ bath, the lower end fixed and the upper end attached
to an isometric force transducer (MLT050, ADInstruments,
East Sussex, UK). The initial tension applied was 17 mN
but tissues subsequently relaxed to a resting tension of
approximately 8 mN during a 45-min equilibration period.
The medium was replaced every 10 min. Contractions were
elicited by addition of exogenous 5 uM noradrenaline (in
some experiments 10 pM o,p-MeATP was used) measured
and stored with a data acquisition system (MacLabsystem:
ML740 with ML 110 bridges amplifiers; ADInstruments).
Three contractions (C;, C, and C;) were elicited in each
tissue preparation with 25-min intervals. Adenosine recep-
tor agonists were added 5 min before C, and C;, and kept
until the contractions had peaked. Adenosine receptor
antagonists were added immediately after C, and kept for
the remaining of the experiment. In control preparations,
solvent was added instead of the adenosine receptor agonists
or antagonists.

Drug effects were evaluated by ratios of the amplitude
of the contractions C, and C;5 (C,) and of C;; C,/C, ratios
obtained in individual experiments in which a test com-
pound A was added before C, were calculated as a
percentage of the respective mean ratio in the appropriate
control group (solvent instead of A). When the interaction
of A, added before C,, and a drug B either added at the
beginning of the experiment or after C, was studied, the
“appropriate control” was a group in which B alone was
used.

Results are expressed as mean = S.E.M.; n denotes the
number of tissue preparations. Differences between means
were tested for significance using one-way analysis of
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variance (ANOVA) followed by Tukey’s t-test. A P value
lower than 0.05 was taken to indicate significant differences.

2.2.3. Immunohistochemistry

Four animals were used for immunohistochemical stain-
ing procedures. Rat vasa deferentia were dissected free from
surrounding tissues, bisected into prostatic and epididymal
portions and fixed in formalin (4% formaldehyde, 37 mM of
Na,HPO,4, 29 mM of NaH,PO,) overnight. Fixed tissues
were extensively rinsed in distilled water for 5 h, dehydrated
in graded ethanol solutions and routinely processed to paraf-
fin. Paraffin-embedded tissues were cut using a microtome
(Slee HS, Slee Equipment Limited, London, England) into
transverse sections of 7 pm thick, and thaw-mounted on poly-
L-lysine coated slides (Sigma-Aldrich, Alcobendas, Spain).

For single staining, sections were deparaffinized and
rehydrated in graded ethanol solutions and treated with 3%
of hydrogen peroxide for 5 min at room temperature, to
inactivate endogenous peroxidase. Sections were then
incubated with 10% normal horse serum in phosphate
buffer solution (PBS; 137 mM NaCl, 2.7 mM KCI, 4.3
mM Na,HPO,-7H,0, 1.4 mM KH,PO,, pH 7.3) for 30
min, at 37 °C. Subsequently, sections were rinsed in PBS
and incubated with primary antibodies diluted in phos-
phate-buffered triton (PBT; 0.3% Triton X-100, in PBS) in
a moist chamber for 48 h at 4 °C. To identify receptor
subtypes, rabbit polyclonal antibodies adenosine anti-A;,
anti-A,,, anti-A,p and anti-A3 receptors (Alpha Diagnos-
tics International, San Antonio, TX, USA) were used. The
reactivity of these adenosine receptor antibodies has been
previously validated (A;: Nie et al., 1998; A,4: Nie et al.,
1999; Aj,gp: Clancy et al, 1999; A; Trincavelli et al,
2000). The following dilutions were used—anti-Aj,
1:250; anti-A,4, 1:500; anti-A,g, 1:500 and anti-Ajs,
1:100. Thereafter, sections were processed with avidin—
biotin—immunoperoxidase method using 3,3’-diaminoben-
zidine (DAB) as a chromogen. Briefly, immunoperoxidase
staining was performed by using Vectastain Elite ABC kit
universal (Vector Laboratories, Burlingame, USA). Sec-
tions were incubated with biotinylated anti-rabbit IgG
(1:125 dilution in PBT) for 1 h at room temperature,
washed in PBT and then incubated with avidin—biotin
complex reagents (1:250 dilution in PBT) for 1 h at room
temperature, using 3,3’-diaminobenzidine/peroxide as sub-
strate.

For double staining, sections previously processed for
single staining using one of the adenosine receptor
subtype antibodies were further incubated with a neuronal
marker (anti-neurofilament antibody; Dako, Glostrup,
Denmark; 1:100 dilution in PBT) in a moist chamber
for 24 h at 4 °C. The sites of antibody—antigen reaction
were detected as above, using Vectastain Elite ABC kit
universal (Vector Laboratories). Briefly, sections were
incubated with biotinylated anti-mouse IgG (1:125 dilu-
tion in PBT) for 1 h at room temperature, washed in
PBT and then incubated with avidin—biotin complex

reagents (1:250 dilution in PBT). Peroxidase detection
was carried out using Vector Vip Kit (Vector Laborato-
ries).

Control tissues were processed similarly, except the
primary antibody was replaced by 10% normal horse
serum. These conditions resulted in the complete absence
of specific immunoreactivity. To stain nerve fibres only,
anti-neurofilament antibody was used in sections without
previous staining.

Sections submitted to each of the immunohistochemis-
try protocols were washed with distilled water, dehydrated,
cleared in xylene and then coverslipped with Eukitt
mounting medium (O. Kindler, Freiburg, Germany). Sec-
tions were examined under a Nikon Eclipse E400 micro-
scope (Nikon, Tokyo, Japan), photographed by a digital
camera Cool Pix E950 (1600 x 1200 pixels; Nikon). Image
files were opened and the final photomicrographs compo-
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Fig. 1. Prostatic portion of the rat vas deferens: effects of the selective
adenosine A, receptor agonist CPA (100 nM), of the selective adenosine
A, receptor agonist CGS 21680 (100 nM) and of the adenosine receptor
agonist NECA (10 uM) on noradrenaline-elicited contractions, in the
absence and in the presence of the selective adenosine A; receptor
antagonist DPCPX (100 nM), of the adenosine A, receptor antagonist
DMPX (100 nM), of the selective adenosine A4 receptor antagonist ZM
241385 (20 nM) and of the adenosine A,p receptor antagonist enprofylline
(75 uM). C; to C,, (C, and Cj3) are the amplitude of contractions elicited by
5 uM noradrenaline added at 25-min intervals. Adenosine receptor agonists
were added 5 min before C, and C; and kept until contraction to
noradrenaline had peaked; antagonists were added after C, and kept until
the end of the experiment. In experiments with NECA, DPCPX was added
at the beginning of the experiment and kept throughout the experiment.
Ordinate, C,/C; values expressed as percentage of the corresponding
average control C,/C; value. Each point is the mean = S.E.M. of 4—13
experiments. Significant differences from the respective control *P<0.05
and **P<0.001; from the effect of the agonist alone, "P<0.05 and
*P<0.001.
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Fig. 2. Epididymal portion of the rat vas deferens: effects of the selective
adenosine A, receptor agonist CPA (100 nM), of the selective adenosine
A, receptor agonist CGS 21680 (100 nM) and of the adenosine receptor
agonist NECA (10 uM) on noradrenaline-elicited contractions, in the
absence and in the presence of the selective adenosine A; receptor
antagonist DPCPX (100 nM), of the adenosine A, receptor antagonist
DMPX (100 nM), of the selective adenosine A, receptor antagonist ZM
241385 (20 nM) and of the adenosine A,p receptor antagonist enprofylline
(75 uM). C; to C,, (C, and Cj3) are the amplitude of contractions elicited by
5 uM noradrenaline added at 25-min intervals. Adenosine receptor agonists
were added 5 min before C, and C; and kept until contraction to
noradrenaline had peaked; antagonists were added after C, and kept until
the end of the experiment. In experiments with NECA, DPCPX was added
at the beginning of the experiment and kept throughout the experiment.
Ordinate, C,/C; values expressed as percentage of the corresponding
average control C,/C, value. Each point is the mean + S.E.M. of 4-13
experiments. Significant differences from the respective control *P<0.05;
from the effect of the agonist alone, "P<0.05.

sites prepared using Photoshop (version 7.0, Adobe Sys-
tems, San Jose, USA).

3. Results
3.1. Modulation of contractions by adenosine receptors

Noradrenaline and o,3-MeATP elicited contractions in
both portions of the bisected rat vas deferens. Neither the
adenosine receptor agonists and antagonists nor their sol-
vent altered the basal tension. The concentration of nora-
drenaline and o,3-MeATP used to elicit contractions upon
which adenosine receptor agonists and antagonists were
tested were 5 and 10 pM, respectively. Those concentrations
shown to cause comparable responses (about 70% of the
maximal response elicited by each agonist). The amplitude
of noradrenaline-elicited contractions was higher in the
epididymal than in the prostatic portion (7.3 £ 0.6 and

2.2+ 0.2 mN, respectively, n=39-55; P<0.001); the
amplitude of «,p-MeATP-elicited contractions was similar
in the epididymal and in the prostatic portion (8.2 £ 0.8 and
5.6 £ 0.9 mN, respectively, n=16—17; non-significant).
When 5 puM noradrenaline or 10 uM «,3-MeATP was
applied with 25-min intervals (C;—Cs), the amplitude of
the contractions remained constant, with C,/C; ratios close
to unity (not shown). None of the adenosine receptor
antagonists used modified the amplitude of the contractions
elicited by 5 uM noradrenaline or 10 pM «,3-MeATP.
Figs. 1 and 2 show the influence of adenosine receptor
agonists on the amplitude of noradrenaline-elicited contrac-
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Fig. 3. Bisected rat vas deferens: effects of the adenosine receptor agonist
NECA (10 uM) in the presence of selective adenosine A receptor antagonist
DPCPX (100 nM) on «,3-MeATP-¢licited contractions, in the prostatic (PP)
and epididymal (EP) portions, in the presence or in the absence of the
adenosine A, receptor antagonist DMPX (100 nM), of the adenosine A,a
receptor antagonist ZM 241385 (20 nM) or of the A,p antagonist
enprofylline (75 pM). C, to C,, (C, and C;) are the amplitude of contractions
elicited by 10 uM added at 25-min intervals. NECA was added 5 min before
C, and C; and kept until contraction to «,3-MeATP had peaked; DPCPX
was added at the beginning and was kept until the end of the experiment;
antagonists were added after C, and kept until the end of the experiment.
Ordinate, C,/C, values expressed as percentage of the corresponding
average control C,/C; value. Each point is the mean + S.EIM. of 5-11
experiments. Significant differences from the respective control *P <0.05;
from the effect of the agonist alone, "P<0.05.
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tions, in the absence and in the presence of adenosine
receptor antagonists. CPA (100 nM), a selective adenosine
A, receptor agonist (Jacobson et al., 1992), increased the
amplitude of the contractions, an effect more marked in the
prostatic than in the epididymal portion (P <0.05; compare
Figs. I and 2). The CPA-induced enhancement was blocked
by DPCPX (100 nM), a selective adenosine A; receptor
antagonist (Bruns et al., 1987), in both portions of the
bisected rat vas deferens.

The selective adenosine A,, receptor agonist CGS
21680 (100 nM; Lupica et al., 1990) reduced the ampli-
tude of noradrenaline-elicited contractions, but only in the
prostatic portion (Fig. 1). The inhibition caused by CGS

A

21680 was prevented by the selective adenosine A, recep-
tor antagonist DMPX (100 nM; Daly et al., 1986) and by
the selective adenosine A,, receptor antagonist ZM
241385 (20 nM; Poucher et al., 1995).

Due to the lack of selective adenosine A,p receptor
agonists, an indirect approach was used to investigate a
putative adenosine A,p receptor-mediated influence on con-
tractions (see Figs. | and 2): the non-selective adenosine
receptor agonist NECA was used (Daly et al., 1986; Klotz et
al., 1998) in the presence of DPCPX and its effects chal-
lenged by selective adenosine A, receptor antagonists.
NECA (10 uM) in the presence of 100 nM DPCPX, reduced
the amplitude of noradrenaline-elicited contractions in both

Fig. 4. Representative photomicrographs of transversal sections of the prostatic (left panel) and epididymal (right panel) portions of rat vas deferens showing
immunoreactivities to individual adenosine receptors in tissue sections processed in a single batch. Control sections (A and B); and sections treated with
adenosine anti-A, (C and D) or anti-A,p (E and F) receptor antibodies. Bar=>5 um.
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portions of the bisected rat vas deferens. The inhibition
caused by NECA in the presence of DPCPX was prevented
by DMPX (100 nM), by the adenosine A,g receptor antag-
onist 3-propylxanthine (enprofylline; 75 uM) but not by ZM
241385 (20 nM; Figs. 1 and 2). NECA-induced inhibition
was more marked in the prostatic than in the epididymal
portion (maximal reduction reached was 49 £ 8% and
19 + 4%, respectively, n=7; P<0.01; see Figs. 1 and 2).
The selective adenosine Aj receptor agonist IB-MECA
(100 nM; Gallo-Rodriguez et al., 1994) did not change
contractions elicited by 5 uM noradrenaline either in the

prostatic or in the epididymal portion of the rat vas
deferens (not shown).

A set of experiments was carried out using the ATP
analogue, o,3-MeATP as contractile agent. CPA and CGS
21680 failed to modify the contractile responses elicited by
10 pM o,R-MeATP in both the prostatic and epididymal
portions (not shown). NECA, in the presence of DPCPX,
reduced contractions elicited by 10 uM «,3-MeATP, only
in the prostatic portion, an effect blocked by 100 nM
DMPX and 75 puM enprofylline but not by 20 nM ZM
241385 (Fig. 3).

Fig. 5. Transversal sections of the prostatic (left panel) and epididymal (right panel) portions of rat vas deferens showing immunoreactivities to neurofilament
alone (A and B), to neurofilament plus adenosine A, 4 receptors (C and D) or to neurofilament plus adenosine A,g receptors (E and F).Open arrows highlight
adenosine receptor immunoreactivity not co-localized with neurofilament (interpreted as an indication of a non-neuronal location of receptor); filled arrows
highlight adenosine receptor immunoreactivity co-localized with neurofilament (suggesting a neuronal location of the receptor). Bar=5 pum.



C. Diniz et al. / European Journal of Pharmacology 460 (2003) 191-199 197

3.2. Immunohistochemical detection of adenosine receptors

Standard immunohistochemistry techniques were used to
characterize the distribution of adenosine receptor subtypes
in the bisected rat vas deferens using polyclonal antibodies:
adenosine anti-A, anti-A, A, anti-A,g and anti-A; receptors.
Data was obtained from four animals (corresponding to 40
tissue sections per adenosine receptor subtype antibody).
Two additional animals were used in preliminary experi-
ments to optimize the staining procedures. Omission of
primary antibodies in control incubations resulted, as
expected, in the absence of staining.

Single immunohistochemistry data showed intense
immunoreactivities for adenosine anti-A,, and anti-A,gp
both in the prostatic and epididymal portions of the rat
vas deferens (Fig. 4). It was also found an intense immu-
noreactivity for adenosine anti-A; receptors in both portions
of the rat vas deferens whereas immunoreactivity to adeno-
sine anti-Aj receptors was not observed (data not shown).

Double immunohistochemistry allowed detection of
immunoreactivities to individual adenosine receptor sub-
types co-localized with nerve fibres. Neurofilament anti-
body was used as neuronal fibre marker. Representative
photomicrographs from tissue sections of the prostatic and
epididymal portions of the rat vas deferens of the same
animal, processed by double immunohistochemistry (single
batch) show the pattern of distribution immunoreactivities
of neurofilament co-localized with individual adenosine A,
receptors (Fig. 5). Neurofilament immunoreactivity was
distributed throughout the prostatic and epididymal portions
of the rat vas deferens (Fig. SA and B, respectively; violet
arcas) as previously described (Elfvin et al., 1987). In the
prostatic portion, an intense adenosine A,p receptor immu-
noreactivity was co-localized with neurofilament immunor-
eactivity which was recognized by the presence of darker
areas (Fig. SE; dark purple areas). It was further observed
immunoreactivity for adenosine A,g receptors not co-local-
ized with neurofilament immunoreactivity which was rec-
ognized by the presence of light brown areas (Fig. 5E; light
brown areas). Co-localized areas of adenosine A,4 receptor
and neurofilament immunoreactivities were rarely found
(Fig. 5C). In the epididymal portion, adenosine A, 4 receptor
immunoreactivity was mainly co-localized with neurofila-
ment immunoreactivity (Fig. 5D; dark purple areas) whereas
adenosine A,p receptor immunoreactivity was observed
either co-localized (see Fig. 5F; dark purple areas) or not
co-localized (Fig. 5D; light brown areas) with neurofilament
immunoreactivity.

4. Discussion

The present study confirms previous observations that
showed, in the rat vas deferens, the occurrence of an
adenosine A; receptor-mediated enhancement and of an
adenosine A, receptor-mediated inhibition of contractions

(Hourani et al., 1993; Brownhill et al., 1996a) and extends
these observations to contractions mediated by receptors
likely involved in neurogenic contractions (o adrenoceptors
and P2X receptors). These effects of adenosine receptor
agonists occur without causing any change on the basal
tension of preparations.

It is unlikely that effects of adenosine receptor agonists
are due to an interference with noradrenaline and «,(-
MeATP inactivation since the effects were not changed by
inhibition of noradrenaline uptake with 400 nM desipramine
(not shown) and o,-MeATP is considered to be a stable
ATP analogue.

In all likelihood, the enhancement of contractile responses
caused by adenosine A; receptor agonists and the inhibition
caused by the adenosine A, receptor agonists are mediated
by the respective adenosine receptors. The adenosine A; and
A receptor agonists (CPA and CGS 21680, respectively)
were used in concentrations considered to be selective for
their respective adenosine receptor. Due to the lack of
selective adenosine A,p receptor agonists, the non-selective
adenosine receptor agonist NECA was used in the low
micromolar range, in the presence of the adenosine A;
receptor antagonist DPCPX, an approach usually recom-
mended to activate adenosine A, receptors (Feoktistov and
Biaggioni, 1997). DPCPX was used at the concentration of
100 nM to completely prevent adenosine A; receptor-medi-
ated responses. Although at this concentration DPCPX has
been described to exert some blockade of adenosine A,p
receptors (Alexander et al., 1986; Klotz et al., 1998), NECA
was still able to inhibit contractions both in the prostatic and
in the epididymal portions of the rat vas deferens. Con-
firmation that effect of NECA is mediated by adenosine A,p
receptors was obtained using enprofylline, a compound
showed to be 22-fold selective for adenosine A,p receptors
versus A, 5-fold versus A, and 6-fold versus adenosine Aj
receptors (Robeva et al., 1996), which blocked the effect of
NECA plus DPCPX. Additional evidence were obtained
using DMPX, a compound showed to be an antagonist of
adenosine A, receptors with a Ky A,p/KpAjya ratio of about
1.3 (Brackett and Daly, 1994), which also blocked the effect
of NECA plus DPCPX, and using ZM 241385, a selective
adenosine A,, receptor antagonist, 90-fold selective for
adenosine A, receptors versus A,p (Poucher et al., 1995),
which failed to block the effect of NECA plus DPCPX.
Although the wide distribution of adenosine Aj receptors
(see Ralevic and Burnstock, 1998), the failure of IB-MECA
to modify contractions strongly suggest that adenosine Aj
receptors are not involved on postjunctional modulation of
contractile responses in the rat vas deferens.

The observation in rat vas deferens, of effects compatible
with activation of adenosine A, A, and A,p receptors, and
the absence of effects mediated by an adenosine Aj; receptor
agonist are in agreement with results obtained by in situ
hybridization and RT-PCR (Dixon et al., 1996). They are
also compatible with the present immunohistochemical data
that revealed immunoreactive areas for antibodies to adeno-
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sine A; receptor and to both adenosine A, receptor subtypes
(anti-A5 and anti-A,p receptors) but not to adenosine Aj
receptors.

The two portions of the rat vas deferens present impor-
tant differences in the role of the purine ATP as motor
transmitter (McGrath, 1978; Sneddon and Machaly, 1992)
and on the role of the purine adenosine as modulator of
noradrenaline release (Queiroz et al., 2002). The present
study supports the occurrence of regional differences
between the prostatic and epididymal portions on the type
of adenosine receptor-mediated modulation of contractile
responses: the adenosine A; receptor-mediated enhance-
ment occurs in both portions, but seems to be more
pronounced in the prostatic than in the epididymal portion
whereas the inhibition mediated by adenosine A, receptors
seems to involve both A, and A,p subtypes in the prostatic
but mainly the A, subtype in the epididymal portion.

The regional differences in the adenosine A, receptor-
mediated effects are compatible with the immunohistochem-
ical data that showed, in the prostatic portion, an intense
distribution of adenosine A,, and A,p receptor-immunor-
eactivities not associated with nerve fibres (suggestive of a
postjunctional location) whereas, in the epididymal portion,
the adenosine A, receptor-immunoreactivity not associated
with nerve fibres was mainly of the adenosine A,g receptor
subtype.

Apparently, the occurrence of adenosine A, receptor-
mediated inhibition of contractions observed in both por-
tions contrasts with results previously published (Brownbhill
et al., 1996a) that interpreted the failure of NECA to modify
KCl-induced contractions in the epididymal portion as an
indication that postjunctional adenosine A, receptors would
not be involved on modulation of contractions in the
epididymal portion. However, NECA was tested in the
absence of adenosine A; receptor blockade. Therefore, it
is conceivable that an adenosine A; receptor-mediated
enhancement may have masked the adenosine A, recep-
tor-mediated inhibition more easily in the epididymal por-
tion (where mainly the adenosine A,g receptor subtype
seems to be operating) than in the prostatic portion (where
both adenosine A5 and A,g receptor subtypes seem to be
operating).

It has been suggested that adenosine A; receptor-medi-
ated modulation of contractions may show selectivity for
certain contractile agents. In the rat vas deferens, the
adenosine A receptor-mediated enhancement was observed
on contractions elicited by ATP but not on contractions
elicited by a-adrenoceptor agonists (Brownhill et al.,
1996b). However, in guinea-pig vas deferens, the opposite
(enhancement of contractions elicited by a-adrenoceptor
agonists and no influence on contractions elicited by ATP)
was observed (Haynes et al., 1998), a pattern of effects
identical to those observed in the present study. Therefore,
the suggested selectivity is unlikely. The variability on
modulation according to the contractile agent used may be
due, at least in part, to the amplitude of the induced

contractions, since it was observed that contractions induced
by a lower concentration of noradrenaline or by tyramine
were already potentiated by activation of adenosine A;
receptors (Brownhill et al., 1996b). The possibility that
modulation of contractions elicited by certain contractile
agents may be more easily detected cannot be excluded.
This could explain why adenosine A, receptor-mediated
inhibition was more marked on contractions elicited by
noradrenaline than on contractions elicited by o,3-MeATP.
In conclusion, this work presents functional and immu-
nohistochemical evidence that supports the presence of
postjunctional adenosine A; and A, (A, and A,p) recep-
tors, mediating an enhancement and inhibition of contrac-
tions without influencing, per se, the basal tonus of the
preparation. It further shows that adenosine A; receptor-
mediated modulation occurs in both prostatic and epididy-
mal portions whereas the adenosine A, receptor-mediated
modulation seems to involve adenosine A, and A,p
receptor subtypes in the prostatic portion but only the
adenosine A,p receptors in the epididymal portion.
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