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Investigation of postjunctional «,- and a,-adrenoceptor subtypes in
vas deferens from wild-type and a4 p-adrenoceptor knockout mice
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1 The subtypes of «;- and ay-adrenoceptor mediating contractions of vas deferens have been
examined in wild-type and a,4,p-adrenoceptor knockout mice.

2 Maximum contractions to noradrenaline but not phenylephrine were significantly greater in vas
from wild-type. The ojx-adrenoceptor antagonist RS100329 (5-methyl-3-[3-[4-[2-(2,2,2,-trifluoro-
ethoxy)phenyl]-1-piperazinyl|propyl]-2,4-(1H)-pyrimidinedione) (10nm) significantly shifted the po-
tency of noradrenaline. The a,p-adrenoceptor antagonist BRL 44408 (2-[(4,5-dihydro-1H-imidazol-
2-yl)methyl]-2,3-dihydro-1-methyl-1H-isoindole) significantly reduced the maximum contraction to
noradrenaline in wild-type but not in knockout.

3 Following prazosin (0.1 pm), a component of the contraction to noradrenaline in wild-type but not
in knockout was sensitive to the a,-adrenoceptor antagonist yohimbine.

4 Nifedipine (10 um) or suramin (100 um) reduced the contraction to 10 Hz stimulation for 4s to an
early peak and small maintained response. The peak was abolished by the o;-adrenoceptor antagonist
prazosin.

5 RS100329 or prazosin inhibited 10Hz stimulation evoked contractions with a U-shaped
concentration-response curve: inhibiting responses up to 0.1 um, with a reversal of inhibition above
this concentration. In the presence of suramin or nifedipine, the reversal of inhibition by high
concentrations of prazosin was reduced.

6 The o;p-adrenoceptor selective antagonist BMY7378 (8-[2-(4-(2- methoxyphenyl)piperazin-1-
yl)ethyl]-8-azaspiro[4,5]decane-7,9-dione) produced inhibition of 10 Hz evoked contractions only in
high concentrations.

7 In conclusion, contractions to nerve stimulation in mouse vas deferens involve largely o;a-
adrenoceptors and purinoceptors. o;-Adrenoceptor antagonists in high concentrations increase the
purinergic response presumably by blocking prejunctional a,-adrenoceptor-mediated inhibition. In the
presence of nifedipine, responses are predominantly oj-adrenoceptor mediated. Contractions to

exogenous noradrenaline involved both o;4- and o, /p-adrenoceptors in wild-type mice.
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Introduction

Molecular cloning techniques revealed initially four subtypes
of oj-adrenoceptor: oy, %, %1, 014 (Cotecchia et al., 1988;
Schwinn et al., 1990; Lomasney et al., 1991; Perez et al., 1991;
see Heible et al., 1995), but these clones have now been
renamed to match the functional receptors: o, (formerly «,.),
oy (formerly ay), and o;p (formerly o,/014). (Heible et al.,
1995). a,-Adrenoceptors have been subdivided into three
subtypes, oya-, trp- and arc-adrenoceptors, based on ligand
binding and molecular cloning studies (Lorenz et al., 1990;
Bylund, 1992), and the rat o,p-adrenoceptor is a species
orthologue of the human o,4-adrenoceptor (Lanier et al., 1991;
Harrison et al., 1991a).

In both rat and mouse vas deferens, noradrenaline and ATP
are cotransmitters mediating contractions (Allcorn et al.,
1986), and acetylcholine may also be involved, at least in the
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mouse (Kaschube & Zetler, 1988). Both neurotransmitters are
important in mediation of the function of vas deferens; hence,
in mice lacking P2X, receptors, contractions of vas deferens to
nerve stimulation are reduced to 60% of normal, and male
fertility is reduced by 90% (Mulryan et al., 2000). Contractions
of rat vas deferens to exogenous noradrenaline or adrenaline
are mediated predominantly by o, -adrenoceptors (Han et al.,
1987; Hanft & Gross, 1989; Aboud et al., 1993; Honner &
Docherty, 1999), but contractions to endogenous noradrena-
line involve o p-adrenoceptors (Honner & Docherty, 1999).
The receptors mediating contractions in mouse vas deferens
have been less well characterised.

The advent of knockout technology has led many research-
ers to turn to the mouse, and in this study we wish to establish
the basic parameters of the mouse vas deferens by comparing
wild-type and o»a,p-adrenoceptor knockout mice. In mouse
vas deferens, in addition to the predominant «,-adrenoceptors,
there is also evidence for the involvement of a,-adrenoceptors
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in contraction to exogenous agonists (Bultmann et al., 1991):
the present study examines the possible involvement of o4 /p-
adrenoceptors in contraction and the relative importance of
these in relation to oj-adrenoceptors. In addition, we have
characterised the adrenoceptors involved in contractions to
exogenous and endogenous noradrenaline.

Methods

Male C57 Black mice (18—30g) (both wild-type and homo-
Zygous da,p-adrenoceptor knockouts) were obtained as
breeding pairs from Jackson Laboratories. A small number
of experiments were carried out employing Wistar rats (250—
300 g) obtained from Trinity College, Dublin. Vas deferens was
employed as described below.

Mouse vas deferens

Mice were killed by CO, overdose, and whole vas deferens was
obtained. Tissues were attached to myograph transducers
under 0.5 x g tension in organ baths at 37°C in Krebs—
Henseleit solution of the following composition (mMm): NaCl
119; NaHCO; 25; p-glucose 11.1; KCl1 4.7; CaCl, 2.5; KH,
PO, 1.2; MgSO, 1.0. In addition, cocaine (3 um) was present
throughout in studies of exogenous agonist-evoked responses.

Responses to exogenous agonists

In the first series of experiments investigating contractions
produced by exogenous agonists, tissues were equilibrated for
30min and then contracted with the o;-adrenoceptor agonists
noradrenaline or phenylephrine (10 um). Bathing fluid was
then changed every 15 min for the next hour. Following 30-min
exposure to antagonist (BRL 44408: 8-[2-(4-(2-methoxyphe-
nyl) piperazin-1-yl)ethyl]-8-azaspiro[4,5]decane-7,9-dione) or
vehicle, a single agonist concentration—response curve was
obtained per tissue. Tissues were contracted with noradrena-
line or phenylephrine cumulatively in 1.0 log unit increments
beginning with 100 nm.

In the second series of experiments, combinations of
antagonists were employed. Following exposure to noradrena-
line (10 um), bathing fluid was changed every 15min for the
next hour. Following 30-min exposure to prazosin (0.1 um) and
vehicle, prazosin (0.1 um) and yohimbine (1 um), RS 100329 (5-
methyl-3-[3-[4-[2-(2,2,2,-trifluoroethoxy) ~ phenyl]-1-piperazi-
nyl]propyl]-2,4-(1H)-pyrimidinedione: 10nm) and vehicle, or
double vehicle, tissues were contracted with noradrenaline
cumulatively in 1.0 log unit increments beginning with 100 nM.

Nerve-mediated responses

In experiments investigating the ability of competitive antago-
nists to inhibit the isometric contraction to electrical stimula-
tion in mouse vas deferens (in the presence or absence of
nifedipine, 10 uM or suramin, 10—100 um), tissues were placed
between platinum electrodes and stimulated every 5min with
trains of 40 pulses at 10Hz (0.5ms pulses, supramaximal
pulses) to produce isometric contractions. Antagonists or
vehicle were added cumulatively in 0.5 or 1 log unit increments
at 5-min intervals. An isometric contractile response was
obtained following 5-min exposure to each antagonist
concentration, or following exposure to the vehicle. In vehicle

experiments, stimulation-evoked contractions decreased by
approximately 10% over 30 min. Antagonist responses were
not corrected for these small changes.

Rat vas deferens

Rats were killed by CO, overdose, and vas deferens was
bisected into prostatic and epididymal portions. Tissues were
attached to myograph transducers under 1xg¢g tension.
Experiments were carried out exactly as described for mouse
vas deferens.

Radioligand binding studies

Preparation of rat vas deferens membranes was carried out
largely as described for rat kidney membranes in Connaughton
& Docherty (1990). The resultant pellets were used immedi-
ately or stored at —20°C for later use. Pellets were
reconstituted inl10 volumes of incubation buffer. The homo-
genate was filtered through two layers of nylon 43 T-mesh
gauze to remove the connective tissue.

In saturation experiments, aliquots of membrane suspension
were incubated with various concentrations of [*H]prazosin
(specific activity: 70—87 Cimmol~!, New England Nuclear,
U.S.A)) at 25°C (0.25-20nMm; incubation buffer: Tris-HCl
50mM, EDTA 5mmM, pH 7.4 at 25°C). In competition studies
[*Hlprazosin (2nMm) was incubated with competing ligands in
concentrations from 0.1 nM to 1 mM in 0.5 log unit increments
for 30min. Nonspecific binding was determined in the
presence of phentolamine (10 um). Specific binding of [*H]pra-
zosin was 60—80% of total binding at the concentration used
in displacement experiments. Assays were terminated by
washing with ice-cold incubation buffer, followed by rapid
vacuum filtration through Whatman GF/C filters, using a
Brandel Cell Harvester. Radioactivity retained on filters was
determined by liquid scintillation spectroscopy.

The inhibition constant (K;) for displacement of radiola-
belled ligand binding was determined from the formula:

Ki = 1Cso/(1 + [*H]/Kp)

where ICs, is the concentration of competing ligand that
inhibits radioligand specific binding by 50%, Kp is the
dissociation constant for the radioligand prazosin (0.33+
0.12nM, n=6), and *H is the concentration of tritiated
prazosin (2 nm).

Drugs

8-[2-(4-(2-methoxyphenyl) piperazin-1-yl)ethyl]-8-azaspir-
o[4,5]decane-7,9-dione (BMY 7378); Research Biochemicals);
2-[(4,5-dihydro-1H-imidazol-2-yl)methyl]-2,3- dihydro-1-methyl-
1H-isoindole maleate (BRL 44408); Tocris, U.K.); cocaine
hydrochloride (Sigma, U.K.); nifedipine (Sigma, U.K.);
noradrenaline bitartrate (Sigma, U.K.); phenylephrine
hydrochloride (Sigma, U.K.); prazosin hydrochloride (gift;
Pfizer, Sandwich, U.K.); (5-methyl-3-[3-[4-[2-(2,2,2,-trifluor-
oethoxy)phenyl]-1-piperazinyl]propyl]-2,4-  (1H)-pyrimidine-
dione (RS 100329); Tocris); suramin, sodium salt (Sigma);
yohimbine hydrochloride (Sigma).

Drugs were dissolved in distilled water except for nifedipine
which was dissolved in 100% ethanol.
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Statistics

Values are mean+s.e.m. from n experiments. Agonist pD,
(—log ECs) or antagonist plCs, (concentration producing
30% inhibition of the stimulation-evoked contraction) values
were obtained using GraphPad Prism, taking only responses in
the steep part of the concentration—response curve. Antago-
nist pKp values were obtained from the equation Ky=[B]/
(DR-1), where [B] is the antagonist concentration and DR is
the agonist dose ratio produced by the antagonist. Since not all
experiments were carried out with paired vehicle, effects of
antagonist were compared with vehicle mean. Agonist pD,
values and maximum responses after vehicle or test antagonist
were compared, and effects of antagonist on nerve stimulation-
evoked responses were compared with the effects of vehicle, by
Student’s z-test for paired or unpaired data where appropriate,
and by analysis of variance. Statistical and graphical analysis
was carried out using Instat for Macintosh and GraphPad
Prism for PC.

Results
Mouse vas deferens: responses to exogenous agonists
In mouse vas deferens in the presence of cocaine (3 um),

phenylephrine produced concentration-dependent contrac-
tions with pD, values (—log M) of 4.64+0.21 and 4.53+

0.3 q

T(g)

7 6 5 4 3
Noradrenaline concentration {log M)

contraction (g)

0.22, and a maximum contraction of 0.17+0.03 x g, n =28, and
0.144+0.05x g, n=38, in wild-type and o,,,p-adrenoceptor
knockout mice, respectively. There were no significant differ-
ences between wild-type and knockout in responses to
phenylephrine.

In the first series of experiments, noradrenaline produced
concentration-dependent contractions with pD, values
(—log M) of 6.00+0.08, n=21 and 5.98+0.10, n=19, in vas
from wild-type and a,ap-adrenoceptor knockout mice, re-
spectively (no significant difference) (see Figure 1). The inset
(Figure 1) shows a typical concentration—response to nora-
drenaline: responses consisted of transient spikes and slower
maintained contractions. However, the maximum contraction
to noradrenaline was significantly greater in tissues from wild-
type than in knockout (Figure 1). The o,p-adrenoceptor
antagonist BRL 44408 (1 um) significantly reduced the max-
imum contraction to noradrenaline in vas from wild-type but
not from knockout (Figure 1). BRL 44408 (1 um) significantly
reduced the pD, of noradrenaline to 5.18+0.15, n=11 and
5.5440.11, n=7, in wild-type and knockout, respectively
(P<0.001 and P<0.05 from their respective control experi-
ments). In knockout animals, a pKp for BRL 44408 was
calculated as 6.33+0.09 (n=7).

In the second series of experiments to identify a component
of the contraction to noradrenaline resistant to prazosin,
concentration—response curves to noradrenaline were con-
structed following exposure to prazosin (0.1 um) and vehicle or
prazosin (0.1 um) and yohimbine (1 um) (Figure 2 and Table 1).

5 -4 3

noradrenaline concentration (log M)

Figure 1 Concentration—response curves to noradrenaline following vehicle (veh) or BRL 44408 (1 um) (BRL) in vas deferens from
wild-type (WT) and o,a/p-adrenoceptor knockout mice (ko) in the first series of experiments. The dashed lines indicate the
maximum tensions obtained (sum of maximum tensions obtained in each individual tissue irrespective of concentration at which
they were obtained). Vertical bars indicate s.e.m. from seven to 22 animals. Maximum responses to noradrenaline following vehicle
in wild-type were significantly greater than in knockout. BRL 44408 significantly decreased the maximum contraction to
noradrenaline only in wild-type. The inset shows a typical tension recording in a tissue from a wild-type animal, in which a
maximum response is obtained to 10 uM, with subsequent decline (responses were qualitatively similar in tissues from knockout);

tension and time scales have an arbitrary zero point.
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Figure 2 Concentration—response curves to noradrenaline follow-
ing prazosin (0.1 um) (praz) or prazosin (0.1 gm)/yohimbine (1 pum)
(praz/yoh) in vas deferens from wild-type (WT) and ooap-
adrenoceptor knockout mice (ko) in the second series of experi-
ments. Vertical bars indicate s.e.m. from eight to 11 animals. The
response to noradrenaline (10 um) following prazosin in wild-type
was significantly larger than in the other three groups.

As in the first series of experiments, the maximum response to
noradrenaline tended to be larger in tissues from wild-type
animals, and this reached significance in the vehicle and
prazosin/yohimbine groups (Table 1). The response to
noradrenaline (10 um) in the presence of prazosin (0.1 um)
was significantly larger in tissues from wild-type than knock-
out, and this difference was absent following prazosin (0.1 um)
and yohimbine (1 um) (Figure 2). Hence, yohimbine revealed
an o,-adrenoceptor-mediated component of the contraction to
noradrenaline in wild-type which was absent in knockout.

The o 5-adrenoceptor selective antagonist RS 100329
(10nm) significantly shifted the potency of noradrenaline in
vas deferens from wild-type mice from 6.06+0.23 (n=38) to
5.3040.20 (n =6), with a resultant pKp of 8.6540.2 (Table 1).
However, RS 100329 acted noncompetitively in that it
significantly reduced the maximum response to noradrenaline
(Table 1). The non-selective o;-adrenoceptor antagonist
prazosin (0.1 um) significantly shifted the potency of noradre-
naline in vas deferens from wild-type mice to 5.00+0.17
(n=11) (see Figure 2 and Table 1), with a resultant pKjy of
8.03+0.16. RS 100329 was significantly more potent than
prazosin.

Mouse vas deferens: nerve-mediated responses

The isometric contractile response to 10Hz for 4s was
0.534+0.03 x g, n=280, and 0.72+0.04 x g, n =62, in vas from
wild-type and o4 p-adrenoceptor knockout mice, respectively
(significantly different: P<0.001). A typical response to 10 Hz
stimulation in a tissue from a knockout mouse is shown in
Figure 4a. Prazosin at low concentrations produced a
concentration-dependent inhibition of stimulation-evoked
contractions, but the effects of prazosin (0.1 um) were
significantly greater in tissues from wild-type (Figure 3a).
Prazosin at high concentrations restored contractions towards
baseline in both wild-type and knockout. In the presence of the
op-adrenoceptor antagonist yohimbine (10 um), prazosin in-
hibited stimulation-evoked contractions in tissues from wild-
type mice but there was a reduced tendency for contractions to
recover at high prazosin concentrations (e.g. with prazosin
10 um: 59.84+5.2% of control, n=4). Hence, ay-adrenoceptor
blockade with yohimbine prevented high concentrations of
prazosin from restoring the contraction towards baseline. The
aa-adrenoceptor selective antagonist RS 100329 behaved like
prazosin in that it inhibited nerve stimulation-evoked contrac-
tions in concentrations up to 0.1 um, but the contraction
returned to the control level by a concentration of 10pum
(Figure 3a). When antagonist potency was expressed as a
pICso, RS 100329 was significantly more potent than prazosin
(8.78+0.10, n=5 and 8.334+0.19, n=11, respectively).

The purinergic antagonist suramin (100 uM) and the calcium
entry blocker nifedipine (10 M) had essentially the same action
to reduce markedly the contraction to 10 Hz stimulation in
tissues from both wild-type and knockout (Figure 4). The
response was reduced to an early peak, which was prazosin
sensitive (see below), and a small maintained contraction. The
contractile response was reduced to 0.16+0.04 x g, n=38, and
0.23+0.05x g, n=3, in the presence of suramin and to
0.124+0.02x g, n=24, and 0.22+0.04 xg, n=24, in the
presence of nifedipine, in tissues from wild-type and knockout
mice, respectively. Responses in the presence of nifedipine, but
not in the presence of suramin, were significantly larger in
tissues from knockout mice (P <0.05).

In tissues from wild-type and knockout, suramin (100 um)
greatly reduced the tendency to potentiate by high concentra-
tions of prazosin (Figure 3b). Likewise, in the presence of
nifedipine (10 uM), the tendency to potentiate by high
concentrations of prazosin was greatly reduced (Figure 3b).

The o,p-adrenoceptor antagonist BMY 7378 showed low
potency in mouse vas deferens, consistent with o;,-adreno-
ceptor potency (Figure 5). Concentrations of BMY 7378 up to
1 uM in the absence of nifedipine did not significantly inhibit

Table 1 Effects of antagonists on potency (pD-, —log M) and maximum contraction (g) of noradrenaline in vas deferens from wild-type

and o, p-adrenoceptor knockout mice

Wild-type Knockout
pD: max (g) pD: max (g)
Vehicle 6.06+0.23 0.318+0.038 6.13+0.22 0.16040.020*
Prazosin (0.1 um) 5.00+£0.17** 0.3204+0.035 4.73+0.11%* 0.23640.045
Praz/yoh 4.5940.13%* 0.329+0.039 4.74+0.09%* 0.216+0.032*
RS 100329 (10 nm) 5.30+£0.20%* 0.11040.029** — —

Values are mean +s.e.m., from six to 11 (wild-type) or seven to eight (knockout) experiments.Abbreviations: praz/yoh, prazosin (0.1 uM)/
yohimbine (1 uM).* P<0.05 versus equivalent wild-type; ** P <0.05 versus equivalent vehicle.
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Figure 3 Effects of prazosin (praz) or RS 100329 (RS) on isometric
contractions evoked by field stimulation at 10Hz for 4s in vas
deferens from wild-type (WT) and knockout mice (ko): (a) in the
presence of vehicle (veh), or (b) in the presence of suramin (100 pm)
(sur) or nifedipine (10 um) (nif). Vertical bars indicate s.e.m. from
three to 11 animals.

stimulation-evoked contractions as compared with the effects
of vehicle (Figure 5), and in the presence of nifedipine (10 um),
significant inhibition (P<0.05) only occurred at a concentra-
tion of 1 uM in tissues from wild-type, and 10 uMm in tissues from
knockout (Figure 5).

Rat vas deferens: nerve-mediated responses

The isometric contractile response to 10 Hz for 4 s was 3.38 +0.
25xg, n=6 and 1.72+0.40x g, n=6, in epididymal and
prostatic portions of rat vas deferens, respectively. Prazosin
(0.1 um) significantly inhibited contractions in both epididymal
and prostatic portions, but higher concentrations restored
contractions towards baseline only in prostatic portions (data

% of control

-8 -7 -6 -5
BMY 7378 concentration (log M)

Figure 5 Effects of BMY 7378 on isometric contractions evoked by
field stimulation at 10 Hz for 4 in the absence (veh) or presence of
nifedipine (10 um) (nif) in vas deferens from wild-type (WT) or
knockout mice (ko). Vertical bars indicate s.e.m. from six animals.

not shown). The combination of prazosin (0.1 gm) and suramin
(100 um) significantly reduced the contraction to 10Hz
stimulation in both epididymal and prostatic portions to

British Journal of Pharmacology vol 138 (6)
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53.1+10.4%, n=6, and 53.44+3.9%, n=35, respectively
(15min after addition). However, unlike in the mouse, the
contraction was well maintained over the 4-s stimulation
period (data not shown).

Ligand-binding studies

Table 2 shows the affinities of antagonists used in this study
for aa-adrenoceptor ligand binding sites in rat vas deferens.
RS 100329 was at least as potent as prazosin, whereas BRL
44408 was 1000 times less potent (Table 2).

Discussion

In this study, we have looked at o;- and a,-adrenoceptors
mediating contractions of the mouse vas deferens to exogenous
agonists (noradrenaline and phenylephrine) and to endogen-
ous noradrenaline. These will be discussed separately, begin-
ning with contractions to exogenous agonists. First, we must
consider the possible locations of a-adrenoceptors in the vas
deferens. Prejunctional o, p-adrenoceptors on nerve terminals
mediate an inhibitory modulation of both noradrenaline and
ATP release in vas deferens of wild-type mice, and these
receptors are replaced by anc-adrenoceptors in o, p-adreno-
ceptor knockout mice (Altman et al., 1999; Rajamani et al.,
2001). Postjunctional receptors may be of the o, or os-
adrenoceptor subtypes, and there may be differences between
the receptor subtypes involved in contractions to the endo-
genous neurotransmitter (receptors in the junctional region)
and exogenous agonist (receptors in the junctional region and
elsewhere).

Responses to exogenous agonists

In mouse whole vas deferens, the agonists noradrenaline and
phenylephrine produced concentration-dependent contrac-
tions consisting of phasic contractions with a smaller tonic
component. Phasic responses were not sustained so that the
magnitude of the contraction tended to fall at higher agonist
concentrations. Experiments were carried out in the presence
of the noradrenaline re-uptake blocker cocaine to prevent loss
of administered noradrenaline but also to allow greater agonist
access to postjunctional receptors in the neuroeffector junction
region. The maximum response to noradrenaline and the
response to noradrenaline (10 um) were significantly greater in
wild-type than knockout, but this was not the case with
phenylephrine. The a,p-adrenoceptor antagonist BRL 44408
(1 um) significantly reduced the maximum response to nora-
drenaline only in wild-type. This concentration of BRL 44408
should produce a marked blockade of o, p-adrenoceptors but

Table 2 Affinity of antagonists for o s-adrenoceptor
ligand binding sites in rat vas deferens

Antagonist

BRL 44408 6.5940.18
Prazosin 9.43+0.02
RS 100329 9.61+0.19

Values are pK; (—log M)+s.e.m.
from at least three experiments.

have little effect on oy or o (Ho et al., 1998). Admittedly, a
small effect of BRL 44408 at «,-adrenoceptors was also
demonstrated, consistent with the results of our o;-adreno-
ceptor ligand-binding studies, given that the potency of
noradrenaline was reduced in vas deferens from both wild-
type and knockout mice. In vas deferens from knockout mice,
a pKg of 6.33 was obtained for BRL 44408, and this represents
its potency at o;-adrenoceptors in the absence of opap-
adrenoceptors. In further studies to identify a component of
the contraction to noradrenaline resistant to prazosin,
concentration—response curves to noradrenaline were con-
structed following exposure to prazosin (0.1 um) and vehicle or
prazosin (0.1 um) and yohimbine (1 uM). Yohimbine revealed
an oy-adrenoceptor mediated component of the contraction to
noradrenaline in wild-type which was absent in knockout, so
that presumably only an o,4,p-adrenoceptor is involved in o,-
adrenoceptor-mediated contractions in wild-type. These results
suggest that phenylephrine acts primarily at «;-adrenoceptors
in both wild-type and knockout, but that noradrenaline acts
both at o;-adrenoceptors and a,,p-adrenoceptors in wild-type.
In o,ap-adrenoceptor knockout mice, noradrenaline acts
primarily on o;-adrenoceptors, given that the maximum
response is similar to that to phenylephrine in the same
animals, and similar to that to the noradrenaline following
BRL 44408 in wild-type. One apparent anomaly in the present
study was that BRL 44408 (1um) reduced the maximum
response to noradrenaline in wild-type mice, whereas yohim-
bine (1 uM) merely reduced potency. However, BRL 44408 has
higher affinity than yohimbine at a,p-adrenoceptors (Ho et al.,
1998), and may possibly act noncompetitively. In both series of
experiments, the o,-adrenoceptor-mediated component of
responses was seen with noradrenaline (10 um). A previous
study reported a,-adrenoceptor involvement in contractions of
mouse vas deferens to the a,-adrenoceptor agonist UK 14,304,
but not to phenylephrine (Bultmann et al., 1991). In that study,
the receptor was tentatively identified as an o, p-adrenocep-
tor. We can now confirm that identification.

Given that RS 100329 was significantly more potent than
prazosin at shifting the potency of noradrenaline in mouse vas
deferens, it can be concluded that, since RS 100329 has 100
times lower affinity than prazosin for o,z and o,p-subtypes
(Williams et al., 1999), the postjunctional a;-adrenoceptor is
likely to be an ojs-subtype. Admittedly, RS 100329 acted
noncompetitively, reducing the maximum contraction to
noradrenaline, but this still suggests action at o;,-adrenocep-
tors. Although we did not investigate contractions to
exogenous agonists in rat vas deferens in the present study,
our previous results suggest that contractions to four agonists
including noradrenaline are largely o;5-adrenoceptor
mediated, with no clear evidence for an o,-adrenoceptor
mediated component (Honner et al., 1999).

Responses to endogenous noradrenaline

In rat whole vas deferens, the contraction to a single electrical
stimulus is biphasic (see Docherty & McGrath, 1984). The
second o-noradrenergic phase can be examined in isolation in
the rat in the presence of nifedipine, which eliminates the first
nonnoradrenergic response. However, in the mouse, the
response to a single stimulus proved to be small and variable
(see Rajamani et al., 2001), so that responses to 10 Hz for 4s
were investigated. Nifedipine (10 um) or the purinoceptor
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antagonist suramin (100 gm) (Dunn & Blakely, 1988) produced
essentially the same effects: the response to 10-Hz stimulation
was reduced to an early, prazosin sensitive, peak and a small
plateau. Nifedipine produced essentially the same effect
against trains of pulses in the rat vas deferens (see Warnock
et al., 1985). This suggests that, as in the rat, the purinergic
component of the response depends on calcium entry.
However, since both suramin and o,-adrenoceptor antagonists
had marked effects on the contraction to 10-Hz stimulation, it
can be assumed that there is synergy between the two
transmitters in producing contractions: block of either can
greatly reduce the contraction.

The o,-adrenoceptor antagonist prazosin at low concentra-
tions produced a concentration-dependent inhibition of 10-Hz
stimulation-evoked contractions, but the effects were signifi-
cantly greater in tissues from wild-type. Prazosin at high
concentrations restored contractions towards baseline in both
wild-type and knockout. Suramin or nifedipine greatly reduced
this tendency to potentiate by high concentrations of prazosin.
These results suggest that contractions to 10-Hz stimulation in
mouse vas deferens from wild-type mice are largely o-
adrenoceptor mediated, but that prejunctional a,-adrenocep-
tor blockade by high concentrations of prazosin increases the
release of the purinergic cotransmitter, presumably ATP. Since
contractions to 10-Hz stimulation are significantly greater in
vas deferens from knockout mice, presumably because of
diminished a,-adrenoceptor-mediated prejunctional inhibition,
one might expect that the purinergic response is increased in
these animals. This would explain the diminished ability of
prazosin in low concentration to inhibit contractions in tissues
from knockout. However, high concentrations of prazosin also
potentiate in knockout, suggesting that, in 0,4 p-adrenoceptor
knockout mice, blockade of the replacement a,c-adrenoceptors
(see Altman et al., 1999; Rajamani et al., 2001) further
increases the purinergic response. Indeed, since prazosin is
more potent at o,c- than o,p-adrenoceptors (see Ho et al.,
1998), an earlier activation of a,c-adrenoceptors may be an
alternative explanation of why prazosin produces less inhibi-
tion of stimulation-evoked contractions in tissues from
knockout animals.

If there are postjunctional oyap-adrenoceptors involved in
stimulation-evoked contractions in wild-type, these would be
impossible to identify with antagonists: prejunctional actions
would mask postjunctional actions.
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