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THE EFFECTS OF oa-ADRENOCEPTOR AGONISTS AND ANTAGONISTS
ON RESPONSES OF TRANSMURALLY STIMULATED PROSTATIC AND
EPIDIDYMAL PORTIONS OF THE ISOLATED VAS DEFERENS OF THE

RAT
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1 The effects of a-adrenoceptor agonists and antagonists on contractile responses of transmurally
stimulated prostatic and epididymal portions of the rat isolated vas deferens were examined.

2 Responses to single stimuli consisted of two phases, the first predominant in the prostatic and
the second in the epididymal portion. The first phase was resistant to a-adrenoceptor antagonists
but the second was reduced in a dose-related manner in the order of potency prazosin > azape-
tine > phentolamine > labetalol > yohimbine.
3 Both phases of the response to a single stimulus were reduced by clonidine but only the first
could be reliably restored by yohimbine.
4 Trains of transmural stimuli produced biphasic. responses, an early rapid component predominant
in the prostatic and a slower secondary component predominant in the epididymal portion. The
effects of a-adrenoceptor antagonists on these responses were complex. Prazosin produced the most
straightforward inhibition of responses with relative resistance of the early rapid component. Only
yohimbine and phentolamine produced increases in responses which could be pre-junctional in origin.
5 The a-adrenoceptor agonists, oxymetazoline and clonidine, reduced while phenylephrine increased
responses to trains of stimuli.

6 These results are discussed in relation to the nature of the innervation of rat vas deferens and
the usefulness of the preparation in pharmacological tests for activity at a-adrenoceptors.

Introduction

There is now considerable evidence to support the
hypothesis that noradrenaline released from norad-
renergic nerves regulates its own release by a negative
feedback mechanism involving inhibitory presynaptic
a-adrenoceptors. The principal evidence comes from
the observation that in noradrenergically innervated
tissues, the overflow of noradrenaline (NA) on nerve
stimulation, taken to be an index of transmitter
release, can be reduced by a-adrenoceptor agonists
(Starke, 1972a, b; Langer, Enero, Adler-Graschinsky
& Stefano, 1972) and increased by a-adrenoceptor an-
tagonists (Brown & Gillespie, 1957; Kirpekar & Puig,
1971; Haggendal, Johansson, Jonason & Ljung, 1972;
Dubocovich & Langer, 1974; Starke, Borowski &
Endo, 1975). More recently it has been suggested that
agonists (Starke, Endo & Taube, 1975; Drew, 1977)
and antagonists (Starke et al., 1975; Drew, 1976) dis-
play a degree of selectivity for pre- and postsynaptic
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a-adrenoceptors. As a consequence, antagonists which
preferentially act on prejunctional a-adrenoceptors
should, under certain circumstances, be capable of in-
creasing the effector organ response to adrenergic
nerve stimulation when used at concentrations where
the post-junctional a-adrenoceptors are not signifi-
cantly antagonized or where the post-junctional
adrenoceptors are of a different type, as in the heart
(Drew, 1976; Docherty & McGrath, 1977; Doxey,
1977; Langer, Adler-Graschinsky & Giorgi, 1977).

In the vas deferens it is well established that the
height of the contractile response to nerve stimulation
is resistant to reduction by a-adrenoceptor antagon-
ists (Boyd, Chang & Rand, 1960; Ambache & Zar,
1971) at concentrations which increase the nerve-
induced output of NA (Stjarne, 1973; Vizi, Somogyi,
Hadhazy & Knoll, 1973). In order to explain this it
has been suggested that the effector response is
adrenergic but resistant to post-junctional blockade
(Swedin, 1971; Furness, 1974) or alternatively due to
a separate set of 'non-adrenergic' nerves (Ambache
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& Zar, 1971). Since under certain experimental condi-
tions this response can be increased by a-adrenocep-
tor antagonists, it has been further postulated that
the NA liberated by the adrenergic nerves might act
pre-junctionally on the 'non-adrenergic' nerves to
limit the release of the (unknown) transmitter
(Ambache, Dunk Verney & Zar, 1972).

However, since nerve stimulation also produces a
subsequent contractile component which is suscep-
tible to post-junctional a-adrenoceptor blockade
(Swedin, 1971; Anton, Duncan & McGrath, 1977), the
effects of a-adrenoceptor antagonists would be
expected to be complex.

In this study we have employed a range of
a-adrenoceptor agonists and antagonists with varying
selectivity for pre- and post-junctional receptors
(Starke, 1977; Drew, 1977; Doxey, Smith & Walker,
1977; Blakeley & Summers, 1977; Cambridge, Davey
& Massingham, 1977) and a bisected preparation of
rat vas deferens which enables partial separation of
the adrenergic and 'non-adrenergic' responses which
predominate at different ends of the organ (Anton
et al., 1977; McGrath, 1977; 1978).
The effects of the drugs were tested against re-

sponses to single pulses, a procedure which allows
further separation of the two components and avoids
the possible interference from feedback mechanisms
(McGrath, 1977; 1978), and against trains of pulses
at frequencies of 2 and 10 Hz which, according to
studies on noradrenaline overflow, should permit
presynaptic a-adrenoceptor feedback to occur.

Methods

Vasa deferentia were removed from Wistar rats (200
to 250 g) which had been stunned and killed by exsan-
guination. Each vas deferens was divided into two
portions of equal length and mounted in a jacketed
30 ml organ bath in Krebs-bicarbonate solution at
37°C. The composition of the Krebs-bicarbonate was
(mM): NaHCO3 25, NaCl 119, KCI 4.7, KH2 P04
1.2, CaCl2 2.5, MgSO4 1.0 and glucose 11.1, gassed
with 95% 02 and 5% CO2. Threads were sewn
through the wall of each end of each portion of vas
deferens. One end was attached to an isometric ten-
sion transducer (Type, Grass FTO3) and the other
to a hook at the base of the organ bath. The resting
tension was 0.5 to 1 g. Stimulation was by a ring
and hook electrode (see Anton et al., 1977) with pulses
of 0.3 or 0.5 ms duration and supramaximal voltage.
Responses to (a) single pulses or (b) trains of pulses
lasting 16 s at 2 and 10 Hz were recorded on a
Devices M2 recorder, Grass Model 7 Polygraph or
Tektronix D13 Storage oscilloscope. For details of
experimental procedure see Anton et al. (1977) and
McGrath (1978). Responses to single stimuli were

separated by at least 5 min and no trains were
delivered (McGrath, 1978). The maximum tension
and that at 50, 150, 250, 450, 650 and 850 ms after
each pulse was measured and the time course of the
response replotted as a percentage of the maximum
as shown in Figure 1. Responses to trains of stimuli
were measured at two points: (1) the peak of the early
rapid phase which reaches a maximum between 1 and
2 s; (2) the peak of the slower 'secondary' response
which reaches its maximum between 3 and 15 s. Since
many of the drugs modified the time course of the
response so that these peaks moved in time or even
merged (see Figure 6) the maximum responses
between the times given in (1) and (2) were taken
when discrete maxima were absent.
Drugs were dissolved in 0.9% w/v NaCl solution

(saline) and added to the organ bath in a maximum
volume of 0.3 ml and allowed at least 15 min to equi-
librate before responses were recorded. Subsequently
the bath was washed with fresh Krebs solution and
a higher concentration of drug added. In this way
dose-response curves for each preparation were
recorded. The significance of differences between
points along the dose-response curves were estimated
by the paired t test.

Drugs

The following drugs were used: azapetine phosphate
(Ilidar, Roche); clonidine hydrochloride (Catapres,
Boehringer Ingelheim); labetalol hydrochloride (Allen
& Hanburys); oxymetazoline hydrochloride (Merck);
phentolamine mesylate (CIBA); phenylephrine hydro-
chloride (Sigma); prazosin hydrochloride (Pfizer);
yohimbine hydrochloride (Baird Pharmaceuticals).

Results

Transmural stimulation of isolated segments of rat
vas deferens with single pulses and trains of impulses
at 2 and 10 Hz produced biphasic responses. The
biphasic response to a train of stimuli is anatomically
based since, on bisection of the vas deferens, the pros-
tatic and epididymal portions produce responses in
which either the initial phase or the subsequent phase
predominated (Anton et al., 1977).

The effects of a-adrenoceptor antagonists on responses
of epididymal and prostatic portions of the vas deferens
to a single transmural impulse

Single impulse stimulation of the epididymal portion
of the vas deferens produces a response consisting
of a small initial fast component (250 ms peak) on
which is superimposed a larger but slower (650 ms
peak) second component whereas in the prostatic por-
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tion of the vas deferens the response consists princi-
pally of a single fast (250 ms) component (McGrath,
1977; 1978).

Since both segments of the rat vas deferens respond
to a single impulse given at 5 min intervals there is
in this situation little likelihood of presynaptic
oc-adrenoceptor feedback inhibition. Under these con-
ditions each a-adrenoceptor antagonist should block
the second part of the response in the epididymal

B.J.P. 66/4-D

portion of the vas deferens (McGrath, 1978). Figure I
shows that precisely this effect was obtained with
both yohimbine and prazosin; both drugs signifi-
cantly reduced (P < 0.05) the second component in
the epididymal portion at concentrations of yohim-
bine 23 x 1O0 M, prazosin .6 x l0' M but had
no significant effect on the responses of the prostatic
portions of the vas deferens or on. the first part of
the response in the epididymal portion.
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Figure 2 Effects of clonidine and yohimbine on the response of bisected portions of vas deferens to a single
stimulus (0.3 ms pulse width, supramaximal voltage). Panels (a-f) are consecutive; in each panel the upper

oscilloscope traces represent the responses of the epididymal portion and the lower those of the prostatic portion:
(a) from top to bottom: control then inhibition by clonidine (Clon 10-9 M at 5, 10 and 15 min). (b) from
top to bottom: control 20 min after wash; then inhibition by clonidine 10-8 M at 5 min. (c) as (b) plus (from
top to bottom) clonidine 10-8 M at 10 and 15 min. (d) lower coincident taces, clonidine 10-8 M at 20 and
25 min; upper coincident traces 5 and 10 min after addition of yohimbine (Yoh 6 x 10-7 M) showing reversal

of inhibition. (e) from bottom to top; 2 traces after 15 and 20 min in the presence of yohimbine (6 x 10-7
M) and clonidine then (upper trace) 20 min after wash. (f) upper trace control; lower trace 10 min after yohimbine
6 x 10-7 M.

An examination of the effects of a series of
a-adrenoceptor antagonists was made, the threshold
concentration which inhibited the second part of the
response in the epididymal portion being used as an

index of postsynaptic a-blockade. The threshold doses
were, in order of potency, prazosin (6 x 10 -9 m

azapetine (10-8 M), phentolamine (10' M), labetalol
(3 x 10' M), and yohimbine (3 x 10- M). An
additional effect which was observed with azapetine
(> 10-6 M) (McGrath, 1978), labetalol (> 10-' M) and
which can be seen to a lesser extent with yohimbine

(> 10- I M) (Figure 1) was a potentiation of the nerve-

induced response which could be postsynaptic in
origin (McGrath, 1978). At concentrations which
produced less than total block of the adrenergic com-

ponent, none of these drugs prolonged the adrenergic
response which would have indicated blockade of
the neuronal re-uptake of NA (McGrath, 1977;
1978). Uptake blockade can therefore be elimin-
ated as a contributory factor in potentiation of
responses in the subsequent experiments using trains
of pulses.

a Clon 10-9M

\-

C Clon 10-8M

S Wash
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Interaction of clonidine and yohimbine in prostatic and
epididymal segments of the vas deferens stimulated by
single transmural nerve impulses

The preferential presynaptic a-agonist clonidine (10-9
to 10'8 M) produced an inhibition of the response of
the epididymal portion of the vas deferens which was
most marked on the second component (Figure 2a, b).
This effect was partly reversed by the addition of
yohimbine (6 x 10-' M) (Figure 2d). After washout the
secondary component returned (Figure 2e) but could
be reduced by addition of yohimbine (6 x 10-7 M)
(Figure 2f). Clearly there are two components in-
volved in the response to yohimbine; a presynaptic
component which is responsible for the reversal of
the inhibition by clonidine and a postsynaptic com-
ponent involving a degree of postsynaptic a-adreno-
ceptor blockade.

In the prostatic portion of the vas deferens the re-
sponse was reduced about 10% by clonidine (10-9 M)
(Figure 2a) and 65% by clonidine (10-8 M) (Figure 2b)
but unlike the epididymal portion this response could
be completely restored by yohimbine (6 x 1i-' M)
(Figure 2d). After washout (Figure 2e) yohimbine
(6 x 10'- M) removed the small second component
which is present on the decreasing portion of the re-
sponse (McGrath, 1978) but had no effect on the first
component (Figure 2f).

The effects of a-adrenoceptor agonists and antagonists
on responses of prostatic and epididymal segments of
the vas deferens to transmural nerve stimulation at 2
and 1(0 Hz

(a) Effects of a-adrenoceptor antagonists on the initial
rapid phase of the response The effects of five adreno-
ceptor antagonists were studied on transmurally
evoked responses to nerve stimulation. The antagon-
ists were chosen as a series varying in properties from
preferential postsynaptic antagonists such as labetalol
(Blakeley & Summers, 1977) and prazosin (Cambridge
et al., 1977) to a preferential presynaptic antagonist,
yohimbine (Starke et al., 1975).

Labetalol produced a biphasic effect on the initial
phase of the response to transmural stimulation at
both frequencies and in both segments of the vas
deferens. Initially responses were potentiated
(3 x 10-8 M) but higher concentrations produced a
dose-dependent inhibition of the initial phase of the
response (Figure 3a). Because of the biphasic nature
of the response, inhibition of the initial phase was
only significant (P < 0.05) compared with the control
in the epididymal segment stimulated at 10 Hz.
Prazosin produced significant (P < 0.05) inhibition of
all initial phases of responses with no evidence of a
biphasic effect (Figure 3a). Azapetine produced a bi-
phasic effect on the concentration-response curve, sig-

nificant (P < 0.05) inhibition occurring up to 3 x
10'- M followed at 10- 6 M by a return towards con-
trol levels (Figure 3a). Yohimbine potentiated the
initial phase (P < 0.05), the effect being most marked
at a stimulation frequency of 10 Hz. At concentra-
tions above 10' M the response tended to reach a
plateau or return towards control values (Figure 4a).
Phentolamine also potentiated responses particularly
at lower concentrations (3 x 10-8 M) and the pattern
observed was similar to that seen with yohimbine.
Twitches recorded following stimulation at 2 Hz were
potentiated only at the lowest concentration whereas
those recorded at 10 Hz were potentiated in both seg-
ments (P < 0.05) over the entire concentration range
(3 x 10-8 M to 10-6 M) (Figure 4a).

(b) Effects of a-adrenoceptor antagonists on the second-
ary phase of the response The effects of labetalol,
prazosin and azapetine on the secondary response
were qualitatively similar to the effects on the twitch
response, labetalol producing potentiation followed
by inhibition, prazosin producing only inhibition and
azapetine producing inhibition followed by a return
towards control responses at higher concentrations
(Figure 3b). Yohimbine produced potentiation of re-
sponses which were only significant with stimulation
at 2 Hz in the prostatic portion whereas phentola-
mine had only an inhibitory effect on secondary
responses to stimulation at 10 Hz in the prostatic
portion in a concentration of 10-6 M (Figure 4b).
Higher concentrations of phentolamine were not
tested in this study but under identical conditions
they reduce the secondary response to 5 or 20 Hz
(Anton et al., 1977).

(c) Effects of a-adrenoceptor agonists on the initial rapid
phase of the response The effects of three adrenocep-
tor agonists on transmurally evoked responses to
nerve stimulation were studied. Oxymetazoline and
clonidine are believed to stimulate preferentially pre-
synaptic and phenylephrine postsynaptic a-adreno-
ceptors (Starke et al., 1975; Drew, 1977). Oxymetazo-
line and clonidine powerfully inhibited the initial
phase of the response in the prostatic segment of the
vas deferens at both frequencies of stimulation, the
threshold concentration for inhibition being about
10' M. The initial phase in the epididymal segment
was less susceptible to inhibition by either drug. Oxy-
metazoline produced significant inhibition only at the
highest concentration (3 x 10-8 M) at 2 Hz. Phenyl-
ephrine on the other hand significantly (P < 0.05)
potentiated twitch responses at both frequencies of
stimulation. The potentiation was most marked in the
epididymal segment of the vas deferens (Figure Sa).

(d) Effects of a-adrenoceptor agonists. on the secondary
phase of the response In the prostatic segment oxy-
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Figure 3 The effects of the a-adrenoceptor antagonists labetalol, prazosin and azapetine on responses of the
epididymal and prostatic portions of the bisected vas deferens of the rat. Stimulus trains were delivered (0.3
ms pulse width, supramaximal voltage, 16 s duration) and responses measured during the initial rapid phase
(a) or the subsequent secondary phase (b). Prostatic portion, 2 Hz (0), 10 Hz (O); epididymal portion 2 Hz
(A), 10 Hz (A). The arrows show the concentration of each drug at which inhibition occurred of the response
to a single impulse. C = initial drug-free control. Vertical bars represent standard errors.

metazoline and clonidine produced significant inhibi-
tion of the secondary response at both frequencies
of stimulation and at all but the lowest concentration.
The secondary response to 2 Hz in the epididymal
segment was not significantly affected by clonidine
or by oxymetazoline. At the higher frequency of
stimulation oxymetazoline produced a biphasic effect,

enhancement at lower concentrations followed by
inhibition at higher concentrations (>3 x 10-9 M,
Figure 5b). Phenylephrine produced a dose-dependent
increase in the secondary response with the effect
being most marked on stimulation at 2 Hz. The
potentiation reached a plateau with the highest
concentration used (10-6 M).
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Figure 4 The effects of the a-adrenoceptor antagon-
ists, yohimbine and phentolamine. on responses of epi-
didymal and prostatic portions of the bisected vas

deferens of the rat. Stimulus trains were delivered (0.3
ms pulse width, supramaximal voltage, 16 s duration)
and responses measured during the initial rapid phase
(a) or the subsequent secondary phase (b). Prostatic
portion, 2 Hz (a), 10 Hz (O); epididymal portion, 2
Hz (A), 10 Hz (A). The arrows show the concentration
of each drug at which inhibition occurred of the re-

sponse to a single impulse. C = initial drug-free con-

trol. Vertical bars represent standard errors.

Discussion

The five a-adrenoceptor antagonists produced rela-
tively straightforward effects on the response to a

single stimulus. They all produced a dose-dependent
inhibition of the second component which has pre-

viously been identified as adrenergic (McGrath, 1977;
Booth, Connell, Docherty & McGrath, 1978) but did
not reduce the first component. The order of potency
for this effect was similar to that previously found

for antagonism of the contractile effects of exo-
genously administered a-adrenoceptor agonists
(Drew, 1976; Blakeley & Summers, 1977; Borowski,
Starke, Ehrl & Endo, 1977; Doxey et al., 1977).
A further effect, that occurred with high concen-

trations of some agents and which had not been anti-
cipated, was potentiation of the first phase together
with the induction of spontaneous activity. Since the
order of potency for this effect, azapetine > labetalol
> yohimbine is the same as that for post-junctional
a-adrenoceptor antagonism it may, therefore reflect
some partial agonist activity. The contractile effect,
like that of other a-agonists including NA (Penne-
father, Vardolov & Heath, 1975), was greater in the
epididymal portion. A variety of drugs can produce
depolarization (Sjostrand & Swedin, 1968; Sjostrand,
1973) of vas deferens without producing contraction
but will potentiate the nerve-induced contraction. The
other possible explanation for the potentiating effect
of these a-adrenoceptor antagonists on the response
to a single pulse, namely removal of negative feedback
due to spontaneous release of NA, is unlikely since
there was no correlation between the order of potency
with respect to antagonism of pre-junctional a-recep-
tors. In fact the two most effective agents, azapetine
and labetalol, are particularly selective for post-junc-
tional receptors (Blakeley & Summers, 1977; Bor-
owski et al., 1977). This confirms the finding of Drew
(1977) that the responses of rat vas deferens to low
frequency (0.3 Hz) stimulation can be potentiated by
high concentrations of a-blockers which are relatively
selective for post-junctional receptors and is in agree-
ment with his conclusion that this effect is of post-
junctional origin.

The responses of the bisected tissue to a single
stimulus provided the opportunity to compare the
effects of the pre-junctional a-adrenoceptor agonist
clonidine on the adrenergic (epididymal, second
component) and 'non-adrenergic' (prostatic, first com-
ponent) responses. Both responses were inhibited in
a dose-dependent manner but the adrenergic com-
ponent was susceptible to lower concentrations. This
effect could be partly reversed in both halves of the
tissue by yohimbine in the concentration range IO-I M
to 6 x 10'- M but, since post-junctional a-antagon-
ism occurs above 10'- M, complete restoration of the
adrenergic response was not possible. Thus, even yo-
himbine, which preferentially blocks pre- as opposed
to post-junctional a-receptors (Starke et al., 1975;
Drew, 1976) could not be employed to block pre-junc-
tional receptors without some interference from the
post-junctional effect.
The analysis of effects of the a-adrenoceptor antag-

onists on responses to trains of stimuli is facilitated
by consideration of the effects on a single stimulus.
It is also worth stressing that when examining re-
sponses to trains of pulses, the initial and subsequent
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Figure 5 The effects of the z-adrenoceptor agonists, oxymetazoline, clonidine and phenylephrine, on responses

of epididymal and prostatic portions of the bisected vas deferens of the rat. Stimulus trains were delivered
(0.3 ms pulse width, supramaximal voltage, 16 s duration) and responses measured during the initial rapid
phase (a) or the subsequent secondary phase (b). Prostatic portion, 2 Hz (0), 10 Hz (E); epididymal portion,
2 Hz (A), 10 Hz (A). C = initial drug-free control. Vertical bars represent standard errors.

phases do not precisely correspond with the 'first' and
'second' components of the response to a single pulse.
Since the initial phase reaches a peak at between 1

and 2 s, it must contain an element from the 'second'
adrenergic component due to at least the first pulse.
The contribution from the second and subsequent
pulses will, of course, depend on facilitation and feed-
back mechanisms (McGrath, 1978).

Prazosin produced the most straightforward effects
on the responses to trains of stimuli. Both com-

ponents of the response, in both parts of the organ,

were reduced in a dose-dependent manner with the
'twitch' being relatively resistant. This fits with the
observation that only the post-junctional adrenergic
response was removed from the response to a single
pulse and the previous evidence that prazosin is selec-
tive for post-junctional a-adrenoceptors (Cambridge
et al., 1977; Doxey et al., 1977).

Azapetine (6 x 10'- M) produced a similar pattern
to prazosin but as the concentration increased
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Figure 6 Effects of (a) labetalol (Lab, 3 x 10-1 M) and (b) yohimbine (Yoh, 6 x 10-' M) on the response

of the isolated vas deferens of the rat to field stimulation (at bars) for 20 s (0.3 ms pulse width, supramaximal
voltage) at the frequencies indicated. Control responses (Con) are compared with responses after labetalol or

yohimbine. Tissues in (a) and (b) are contralateral vasa deferentia from the same rat.

(>3 x lo-7 M) the degree of inhibition became less.
This is consistent with the potentiation of responses

to single pulses and induction of spontaneous activity
found with these higher concentrations.

Labetalol also produced some inhibition of both
components of the response at concentrations higher
than those for either prazosin or azapetine. While this
is consistent with the concentrations necessary to

inhibit the adrenergic part of the response to a single
pulse, a potentiating effect (see above) could be
detected on the response to a single pulse with a

concentration of 10'- M. Compared with azapetine,
the threshold dose for potentiation was similar but
the extent of potentiation was less, allowing a net

inhibition of the responses to a train with the higher
doses of labetalol but not azapetine.

Both yohimbine and phentolamine potentiated re-

sponses in each portion of the vas to stimulation with

trains of pulses. In each case this was most marked
on the initial phase stimulated at 10 Hz. Yohimbine
but not phentolamine also potentiated the 'secondary'
responses to 2 Hz stimulation. This correlates with
the known relative selectivity of these drugs for pre-

and post-junctional a-receptors (Drew, 1976; 1977;
Doxey et al., 1977). In the case of the 'secondary'
component where a major part of the control re-

sponse is adrenergic any potentiation due to pre-

junctional a-blockade will be opposed by a post-
junctional inhibition if this occurs with the same con-

centration, as is the case with phentolamine. With
yohimbine, in contrast, lower concentrations are more

selective for pre-junctional receptors so that a clearer
picture of the effects of pre-junctional blockade can

be seen at doses of <10-7 M which are below the
threshold for post-junctional blockade.

While these results fit into a pattern which corre-

lates well with the known spectrum of activity of the

a-adrenoceptor antagonists, the extent of endogenous
activation of pre-junctional a-adrenoceptors which is
uncovered, for example by the low concentrations of
yohimbine, requires careful interpretation. If each
component of the response to a train of pulses is the
resultant of the effects of two transmission processes

(Anton et al., 1977; McGrath, 1978) and if each of
these is susceptible to pre-junctional inhibition via
a-adrenoceptors, as seems likely from the effects of
clonidine on the responses to single stimuli, then in-
creases in either component of the response could be
produced by removal of inhibition from either
transmission process. The resolution of this problem
requires the ability to separate the two transmission
processes by (1) selective blockade of the effector re-

sponse and (2) detection of the transmitter output.

Since neither of these manoeuvres is yet possible for
the uncharacterized 'non-adrenergic' component,

analysis is limited by the following factors:

(a) Adrenergic response Since a-adrenoceptor block-
ers such as yohimbine and phentolamine, can increase
the nerve-induced output of noradrenaline from vas

deferens at frequencies of 2 to 10 Hz (Stjarne, 1973;
Vizi et al., 1973), it is likely that the doses which
produced increased responses at 2 and 10 Hz in the
present study increased the output of noradrenaline
from the adrenergic nerves. At concentrations below
the threshold for post-junctional blockade it is likely
that more noradrenaline is available to act on the
smooth muscle but the contribution to the overall re-

sponse of the NA cannot be determined since there
is no method which selectively removes the 'non-
adrenergic' component and the latter may also have
been modified by the a-blocker (see below).

(b) 'Non-adrenergic' response Although the initial
phase of the response at 10 Hz could be clearly in-
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creased by yohimbine and phentolamine, for the
reasons mentioned in (a) it is not clear how much
of this resultant response is or is not adrenergic. How-
ever, with concentrations of yohimbine as high as

6 x 10-6 M, which are well in excess of the concen-

tration necessary to block the adrenergic response to
a single stimulus, an initial response of greater height
and duration than in controls is still found in both
portions of the tissue while the 'secondary' response

is virtually absent. This implies that the 'non-adrener-
gic' response is normally restrained during trains of
field stimuli by a presynaptic a-adrenoceptor effect
of noradrenaline. One possible qualification to this
interpretation might be the excitatory effect of the
high dose of yohimbine which could produce a simi-
lar effect. However, a similar net result can be
achieved by combining a low concentration of yohim-
bine with a post-junctional blocking dose of prazosin
which lacks the excitatory property (unpublished
observations). Potentiation of the secondary response

by yohimbine could also be due to an increase in
the 'non-adrenergic' response. Figure 6 illustrates how
the two phases merge after yohimbine to form an

intermediate type of time course. Within this response

the 'non-adrenergic' component may be maintained
longer (as also seen after additional post-junctional
a-adrenoceptor blockade) and thus contribute rela-
tively more to the 'secondary' component.

Figure 6 also demonstrates the difficulty of separat-
ing the two components of the response to a train
of pulses when the whole tissue is employed and the
two components are of similar height, particularly
when assessing the effects of a pre-junctional antagon-

ist like yohimbine which alters the time course of the
response. In contrast a preferential post-junctional
antagonist like labetalol reduces both components
with a tendency to produce a greater reduction of
the slower component. The relative effects of each
agent can be more clearly seen by bisecting the tissue
and in particular it is possible to detect the potentia-
tion and prologation of the early rapid component
by yohimbine, a process which is completely obscured
in the whole tissue by the slower component.

Stimulus frequency was critical for demonstration
of an endogenous prejunctional a-adrenoceptor effect;
in 20 preliminary experiments, 1 to 2 Hz was the
threshold for potentiation by a-blockers, 10 Hz was

optimal and 20 to 30 Hz gave maximal effector re-

sponses which could not be increased (see also Anton
et al., 1977).
The above interpretation is in accord with the con-

clusion of Ambache et al. (1972) that during field
stimulation the NA liberated from adrenergic ter- I
minals in the vas deferens can restrain the effects of
the simultaneously stimulated 'non-adrenergic' nerves

by an action at a-adrenoceptors located on the 'non-
adrenergic' terminals. However, the present study in-

dicates that results fully consistent with this hypoth-
esis can only be obtained if the dual nature of the
effector response is considered.

Explanations of these results in terms of the other
hypotheses advanced to explain the unusual innerva-
tion of this tissue are even more complex. On current
evidence we favour the 'non-adrenergic' explanation
of the a-blocker resistant' component (Ambache &
Zar, 1971) since the first phase of the response to
a single stimulus survives even destruction of the
adrenergic terminals with 6-hydroxydopamine (Booth
et al., 1978). Whatever process is involved in this com-
ponent, the present results suggest that it is accessible
to pre-junctional modification by exogenously admin-
istered a-adrenoceptor agonists or antagonists or by
endogenously released noradrenaline.
The effects of the a-adrenoceptor agonists con-

firmed in general their known properties. Thus the
pre-junctional agonists, clonidine and oxymetazoline,
inhibited both components of the responses to a train
of pulses in the prostatic portion but had relatively
less effect on the epididymal portion. The residual
response in the epididymal portion could be expected
since the first component of the response to a single
pulse was not completely blocked by clonidine. In
contrast, phenylephrine, a potent agonist at post-junc-
tional a-adrenoceptors (Starke et al., 1975), produced
no detectable inhibition but potentiated the re-
sponses.

For any detailed analysis these effects of a-adreno-
ceptor agonists must be viewed against the complex
effects of endogenous pre-junctional inhibition un-
covered by the antagonists. In the absence of drugs,
in any train of pulses, only the first is likely to occur
in the absence of 'feedback' and thereafter the re-
sponse will depend on the extent of pre-junctional
a-adrenoceptor inhibition plus all the other facilita-
tory and inhibitory mechanisms which occur during
continuous transmission. The effects of a drug must,
therefore, vary during any train of impulses due to
the changing environment in which it is acting. This
will be particularly crucial for a-adrenoceptor
agonists in the vas deferens since (1) the receptors
on which they act will be progressively occupied to
an increasing extent by endogenous noradrenaline as
the train continues, (2) by decreasing the output of
noradrenaline the agonists will reduce the post-junc-
tional effect and the resultant contractile effect but
will also reduce the endogenous pre-junctional effects
and hence tend to increase the output and effect of
the transmitter from the 'non-adrenergic' nerves, (3)
if pre-junctional adrenoceptors are present on two dif-
ferent types of nerves these receptors or the effects
of their activation may differ.

These results indicate that the nerve-induced con-
traction of the bisected vas deferens is suitable as a
pharmacological preparation for the assessment of (1)
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post-junctional blockade of a-adrenoceptors when
employing single stimuli and the epididymal portion;
(2) pre-junctional blockade of endogenous a-adreno-
ceptor activation but only (a) with trains of stimuli
at 2 to 10 Hz, (b) concentrations of drugs which do
not block post-junctional a-adrenoceptors, (c) pro-
vided that the basis of the effector response is of no
interest, (d) by considering the time course as well
as the height of the response; (3) pre-junctional
a-adrenoceptor agonism or antagonism by exogenous
agents (a) employing single pulses (b) considering the
responses of the two portions separately.

In conclusion, the effects on the nerve-induced con-
tractions of the rat vas deferens of drugs which act

at pre- and/or post-junctional x-adrenoceptors can be
explained in terms of the complex innervation of this
tissue whether trains of pulses of individual stimuli
are employed. However, the responses of the bisected
tissue to a single stimulus provide the simplest and
most reliable test for such actions.

This work was supported by grants from the M.R.C. and
the Medical Research Funds of Glasgow University. The
authors wish to thank Mr G. J. Connell for excellent tech-
nical assistance; Dr G. P. Levy of Allen & Hanbury's
Research Ltd. for gifts of labetalol, Pfizer Ltd. for gifts
of prazosin and Boehringer Ingelheim for gifts of clonidine.

References

AMBACHE, N., DUNK, L.P., VERNEY, J. & ZAR, M. ABOO
(1972). Inhibition of post-ganglionic motor transmis-
sion in vas deferens by indirectly acting sympathomi-
metic drugs. J. Physiol., 227, 433-456.

AMBACHE, N. & ZAR, M. ABOO (1971). Evidence against
adrenergic motor transmission in the guinea-pig vas
deferens. J. Physiol., 216, 359-389.

ANTON, P.G., DUNCAN, M.E. & McGRATH, J.C. (1977). An
analysis of the anatomical basis for the mechanical re-
sponse to motor nerve stimulation of the rat vas
deferens. J. Physiol., 273, 23-43.

BLAKELEY, A.G.H. & SUMMERS, R.J. (1977). The effects of
labetalol (AH5158) on adrenergic transmission in the
cat spleen. Br. J. Pharmac., 59, 643-650.

BOOTH, F.J., CONNELL, G.J., DOCHERTY, J.R. & McGRATH,
J.C. (1978). Isolation of the 'non-adrenergic' motor
nerve response in rat vas deferens by elimination of
the adrenergic motor component. J. Physiol., 280, 19P.

BOROWSKI, E., STARKE, K., EHRL, H. & ENDO, T. (1977).
A comparison of pre and postsynaptic effects of
a-adrenolytic drugs in the pulmonary artery of the rab-

'bit. Neuroscience, 2, 285-296.
BOYD, H., CHANG, V. & RAND, M.J. (1960). Anticholinester-

ase activity of some anti-adrenaline agents. Br. J. Phar-
mac. Chemother., 15, 523-531.

BROWN, G.L. & GILLESPIE, J.S. (1957). The output of sym-
pathetic transmitter from the spleen of the cat. J. Phy-
siol., 138, 81-102.

CAMBRIDGE, D., DAVEY, M.J. & MASSINGHAM, R. (1977).
Prazosin, a selective antagonist of post-synaptic
E-adrenoceptors. Br. J. Pharmac., 59, 514P.

DOCHERTY, J.R. & McGRATH, J.C. (1977). Effect of pre-
synaptic a-adrenoceptor blockade on the chronotropic
response to cardiac sympathetic nerve stimulation in
the pithed rat. J. Physiol., 273, 63-64P.

DOXEY, J.C. (1977). Effect of clonidine on cardiac acceler-
ation in pithed rats. J. Pharm. Pharmac., 29, 173-174.

DOXEY, J.C., SMITH, C.F.C. & WALKER, J.M. (1977). Selec-
tivity of blocking agents for pre- and postsynaptic
a-adrenoceptors. Br. J. Pharmac., 60, 91-96.

DREW, G.M. (1976). Effects of a-adrenoceptor agonists and
antagonists on pre- and postsynaptically located
2-adrenoceptors. Eur. J. Pharm1ac.. 36, 313-320.

DREW, G.M. (1977). Pharmacological characterisation of
the presynaptic a-adrenoceptor in the rat vas deferens.
Eur. J. Pharmac., 42, 123-130.

DUBOCOVICH, M.L. & LANGER, S.Z. (1974). Negative feed-
back regulation of noradrenaline release by nerve
stimulation in the perfused cat's spleen: Differences in
potency of phenoxybenzamine in blocking the pre- and
post-synaptic adrenergic receptors. J. Physiol., 237,
505-519.

FURNESS, J.B. (1974). Transmission to the longitudinal
muscle of the guinea-pig vas deferens: the effect of pre-
treatment with guanethidine. Br. J. Pharmac., 50, 63-68.

HAGGENDAL, J., JOHANSSON, B., JONASON, J. & LJUNG, B.
(1972). Effects of phenoxybenzamine on transmitter
release and effector response in the isolated portal vein.
J. Pharm. Pharmac., 24, 161-164.

KIRPEKAR, S.M. & PUIG, M. (1971). Effect of flow stop
on noradrenaline release from normal spleens and
spleens pretreated with cocaine, phentolamine or
phenoxybenzamine. Br. J. Pharmac., 43, 359-369.

LANGER, S.Z., ADLER-GRASCHINSKY, E. & GIORGI, 0.
(1977). Physiological significance of a-adrenoceptor-
mediated negative feedback mechanism regulating nor-
adrenaline release during nerve stimulation. Nature,
Lond., 265, 648-650.

LANGER, S.Z., ENERO, M.A., ADLER-GRASCHINSKY, E. &
STEFANO, F.J.E. (1972). The role of the a-receptor in
the regulation of transmitter overflow elicited by stimu-
lation. Proceedings of the Vth Int. Congr. Pharmacology,
p. 134. San Francisco.

MCGRATH, J.C. (1977). Adrenergic motor responses to
single pulse stimulation in the rat vas deferens. J. PhY-
siol., 270, 52-53P.

MCGRATH, J.C. (1978). Adrenergic and 'non-adrenergic'
components in the contractile response of the vas
deferens to a single indirect stimulus. J. Physiol., 283,
23-29.

PENNEFATHER, J.N., VARDOLOV, L. & HEATH, P. (1975).
Regional variation in the response of the rat vas
deferens to field stimulation, to noradrenaline and to
tyramine. Clin. exp. Pharmac. Physiol., 1, 451-462.

SJOSTRAND, N.O. & SWEDIN, G. (1968). Potentiation by
smooth muscle stimulants of the hypogastric nerve-vas



564 CHRISTINE M. BROWN, J.C. McGRATH & R.J. SUMMERS

deferens preparation from normal and castrated
guinea-pigs. Acta phvsiol. scand.. 74, 472-479.

SJOSTRAND, N.O. (1973). Effects of acetylcholine and some
other smooth muscle stimulants on the electrical and
mechanical responses of the guinea-pig vas deferens to
nerve stimulation. Acta physiol. scand., 89, 1-9.

STARKE, K. (1972a). a-sympathomimetic inhibition of
adrenergic and cholinergic transmission in the rabbit
heart. Naunyn-Schmiedebergs Arch. Pharmac., 274,
18-45.

STARKE, K. (1972b). Influence of extracellular noradrena-
line on the stimulation-evoked secretion of noradrena-
line from sympathetic nerves: Evidence for a receptor-
mediated inhibition of noradrenaline release. Naunvn-
Schmiedebergs Arch. Pharmac., 275, 11-23.

STARKE, K. (1977). Regulation of noradrenaline release by
presynaptic receptor systems. ReL. Phisiol. Biochem.
Pharmac., 77, 1-124.

STARKE. K., BOROWSKI, E. & ENDo. T. (1975). Preferential
blockade of presynaptic ax-adrenoceptors by yohimbine.
EDir. J. Pharmac., 34, 384-388.

STARKE, K., ENDO, T. & TAUBE, H.D. (1975). Relative pre-
and post-synaptic potencies of a-adrenoceptor agonists
in the rabbit pulmonary artery. Naunyn-Schmiedebergs
Arch. Pharmac., 291, 55-78.

STJARNE, L. (1973). Prostaglandin- versus a-adrenoceptor-
mediated control of sympathetic neurotransmitter se-
cretion in guinea-pig isolated vas deferens. Eur. J. Phar-
mac., 22, 233-238.

SWEDIN, G. (1971). Studies on neurotransmission mechan-
isms in the rat and guinea pig vas deferens. Acta phy-
siol. scand. Suppl., 369.

Vizi, E.S., SOMOGYI, G.T., HADHAZY, P. & KNOLL, J. (1973).
Effect of duration and frequency of stimulation on the
presynaptic inhibition by a-adrenoceptor stimulation of
the adrenergic transmission. Naunyn-Schmiedebergs
Arch. Pharmac.. 280, 79-91.

(Received October 10, 1978.)


