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Background and purpose: The internal anal sphincter has been shown to contract in response to a1-adrenoceptor stimulation
and therefore a1-adrenoceptor agonists may be useful in treating faecal incontinence. This study characterizes the
a1-adrenoceptor subtype responsible for mediating contraction of the internal anal sphincter of the pig.
Experimental approach: The potency of agonists and the affinities of several receptor subtype selective antagonists
were determined on smooth muscle strips for the pig internal anal sphincter. Cumulative concentration–response curves were
performed using phenylephrine and noradrenaline.
Key results: The potency of the a1A-adrenoceptor selective agonist A61603 (pEC50¼7.79±0.04) was 158-fold greater than
that for noradrenaline (pEC50¼5.59±0.02). Phenylephrine (pEC50¼ 5.99±0.05) was 2.5-fold more potent than noradrena-
line. The a1D-adrenoceptor selective antagonist BMY7378 caused rightward shifts of the concentration–response curves to
phenylephrine and noradrenaline, yielding low affinity estimates of 6.59±0.15 and 6.33±0.13, respectively. Relatively high
affinity estimates were obtained for the a1A-adrenoceptor selective antagonists, RS100329 (9.01±0.14 and 9.06±0.22 with
phenylephrine and noradrenaline, respectively) and 5-methylurapidil (8.51±0.10 and 8.31±0.10, respectively). Prazosin
antagonized responses of the sphincter to phenylephrine and noradrenaline, yielding mean affinity estimates of 8.58±0.10
and 8.15±0.08, respectively. The Schild slope for prazosin with phenylephrine was equal to unity (1.01±0.24), however the
Schild slope using noradrenaline was significantly less than unity (0.50±0.11, Po0.05).
Conclusion and implications: The results suggest that contraction of circular smooth muscle from the pig internal anal
sphincter is mediated via a population of adrenoceptors with the pharmacological characteristics of the a1A/L-adrenoceptor,
most probably the a1L-adrenoceptor form of this receptor.
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Introduction

Faecal incontinence is a common problem that is defined as

the uncontrolled passing of faecal material. It is estimated to

affect more than 10% of the general population and

generates a huge economic burden (Kalantar et al., 2002).

For the year 1996, treatment costs for faecal incontinence in

women with obstetric injuries were estimated at US$17 166

per patient before follow-up charges (Mellgren et al., 1999).

Another study estimated the yearly cost of incontinence in

nursing homes to be US$9771 per patient (Smith, 1995). The

treatments for faecal incontinence have varying rates of

success but most are associated with unwanted side effects.

The internal anal sphincter has an important role in

maintaining continence, as it contributes up to 85% of

resting anal tension (Lestar et al., 1989), yet none of the

current treatments work by increasing tone of this muscle.

The internal anal sphincter exhibits spontaneous tonic

contraction and a variety of factors influence this resting

tone including noradrenaline, acetylcholine, nitric oxide,

vasoactive intestinal polypeptide and carbon monoxide

(Rattan, 2005). Noradrenaline has a major effect on the

sphincter but has both contractile and inhibitory effects;

activation of b-adrenoceptors causing relaxation and

a-adrenoceptor stimulation causing contraction. The con-

tractile response normally predominates over the inhibitory

response (Shibamoto et al., 1994) and is due to the activation

of a1-adrenoceptors located on the smooth muscle (Yamato

and Rattan, 1990).
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Three subtypes of a1-adrenoceptors have been cloned and

pharmacologically characterized (a1A, a1B and a1D) and

another receptor with a low affinity for prazosin has been

proposed (the a1L-adrenoceptor) (Langer, 1999; Alexander

et al., 2008). It has been suggested that the a1L-adrenoceptor

may represent a distinct conformational state of the

a1A-adrenoceptor (Ford et al., 1997). It is not known which

subtype mediates contraction in the internal anal sphincter,

but this knowledge would clearly be of benefit to those

involved in developing drugs for the treatment of faecal

incontinence. Receptor subtype selective drugs have been

used to identify the adrenoceptor subtype responsible for

mediating contraction of the internal anal sphincter of the

pig, a tissue whose gastrointestinal physiology and enteric

nervous system are known to be similar to that of human

(Aggestrup et al., 1986; Sand et al., 1997; Brown and

Timmermans, 2004).

An internal anal sphincter selective a1-adrenoceptor

agonist would increase resting anal tone and could be useful

in the treatment of faecal incontinence. Some clinical trials

using the general a1-adrenoceptor agonist (phenylephrine)

have shown improvement in faecal incontinence by a

mechanism involving an increase in maximum resting anal

pressure (Carapeti et al., 1999, 2000a, b; Cheetham et al.,

2001; Badvie and Andreyev, 2005). However, the studies were

short-term investigations and the risk of side effects has

prevented wider use. The specific a1-adrenoceptor subtype

responsible for mediating contraction of the internal anal

sphincter is an important drug target for the treatment of

faecal incontinence. Therefore, the aim of this study was to

identify the a1-adrenoceptor subtype (Alexander et al., 2008)

present in this tissue.

Methods

Female pig internal anal sphincter muscle samples were

obtained from a local abattoir. The tissues were immediately

placed in Krebs-bicarbonate solution (composition in

mmol L�1: NaCl 118.4, NaHCO3 24.9, KCl 4.7, CaCl2 1.9,

MgSO4 1.15, KH2PO4 1.15, glucose 11.7) at 4 1C. The mucosa

and submucosa were removed and the circular muscle of the

internal anal sphincter, approximately 2.5 cm from the anal

opening, was cut into strips (15 mm�3 mm).

Internal anal sphincter muscle strips were set up in 25 mL

tissue baths containing Krebs-bicarbonate solution at 37 1C

and gassed with 5% CO2 in oxygen. The muscle strips were

attached to isometric force transducers connected to a

MacLab recording system (ADI Instruments Ltd, Chalgrove,

Oxfordshire, UK) and the developed tension was measured

using ‘CHART’ software. Tissues were mounted under 1 g

resting tension and allowed to equilibrate for 30 min during

which time they were washed with fresh Krebs-bicarbonate

solution every 15 min.

Cumulative concentration-response curves were per-

formed with the a1A-adrenoceptor subtype selective agonist

A61603, the general a1-adrenoceptor agonist phenylephrine

and the endogenous agonist noradrenaline. Further cumu-

lative concentration–response curves to either noradrenaline

or phenylephrine were obtained in the absence and presence

of a1-adrenoceptor antagonists. Control experiments were

performed in the absence of antagonist, whereas separate

strips were used for each concentration of one of the

following a1-adrenoceptor antagonists, BMY7378 (1–30 mM),

prazosin (1–100 nM), 5-methyl-urapidil (3–100 nM),

RS100329 (3–100 nM) or RS17053 (1–10 mM). Only one

concentration–response curve was obtained on each tissue.

Tissues were allowed to equilibrate with the antagonist for

30 min. All experiments using noradrenaline were performed

in the presence of corticosterone (10mM) and cocaine (10 mM)

to inhibit amine uptake and propranolol (1mM) to antagonize

b-adrenoceptors.

To investigate the possible role of 5HT receptors, responses

to noradrenaline were obtained in the presence of

methiothepin (1 mM), ketanserin (1 mM) and ondansentron

(1mM) antagonists of 5HT1, 5HT2 and 5HT3 receptors,

respectively. To investigate the involvement of a2-adreno-

ceptors, responses to noradrenaline were also obtained in

the absence and presence of the a2-adrenoceptor antagonist

idazoxan (1 mM). The receptor nomenclature used here

conforms with the British Journal of Pharmacology Guide

to Receptors and Channels (Alexander et al., 2008).

Data analysis

The contractile responses to both phenylephrine and

noradrenaline were expressed in grams and as a percentage

of the maximum response for each concentration–response

curve (expressed as mean±s.e.mean). Individual EC50 values

(concentration producing 50% maximal response) were

calculated by nonlinear regression fitting to sigmoidal

dose-response curves (variable slope) by GraphPad Prism

software (based on a four-parameter logistic equation). Mean

�logEC50 (pEC50) values (±s.e.mean) were also calculated.

Where several concentrations of antagonist shifted the

concentration–response curves, the shifts were used to

construct Schild plots (Arunlakshana and Schild, 1959).

Individual affinity estimates (apparent pKB values) were

determined from the equation:

pKB ¼ logðCR � 1Þ � log½B�;

where CR is the concentration ratio calculated as the ratio of

the EC50 values obtained in the absence and presence of a

concentration [B] of the antagonist. Statistical significance

was determined by Student’s t-test or ANOVA (where more

than two groups are compared). Probability values of o0.05

were considered statistically significant.

Drugs used

(�)-Phenylephrine hydrochloride, (±)-noradrenaline hydro-

chloride, corticosterone 21-acetate, (±)-propranolol hydro-

chloride, 5MU, prazosin hydrochloride, ketanserin tartrate

salt, ondansetron hydrochloride dihydrate, methiothepin

mesylate salt and idazoxan hydrochloride were obtained

from Sigma (St Louis, MO, USA). 8-[2-[4-(2-methoxyphenyl)-

1-piperazinyl]ethyl]-8-azaspiro[4,5]decane-7,9-dione (BMY7378)

dihydrochloride, 5-methyl-3-[3-[4-[2-(2,2,2,-trifluroethoxy)-

phenyl]-1-piperazinyl] propyl]-2,4-(1H.3H)-pyrimidinedione
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hydrochloride (RS100329) and N-[2-(2-cyclopropylmethoxy-

phenoxy)ethyl]-5-chloro-a,a-dimethyl-1H-indole-3-ethanamide

hydrochloride (RS17053) were obtained from Tocris

(Ellisville, MO, USA). N-[5-(4,5-dihydro-1H-imidazol-2yl)-

2hydroxy-5,6,7,8-tetrahydronaphthalen-1-yl]methane-sulpho-

namide (A61603) was obtained from Abbott Laboratories

(Chicago, IL, USA). Corticosterone was dissolved in 70%

ethanol, whereas RS17053 was dissolved in 100% dimethyl

sulphoxide (Sigma) and diluted in 5 mM phosphoric acid.

Prazosin was dissolved in distilled water with a drop of glacial

acetic acid and diluted in distilled water. All other drugs were

dissolved in distilled water and diluted in Krebs-bicarbonate

solution.

Results

Responses to agonist

All three a-adrenoceptor agonists (A61603, noradrenaline

and phenylephrine) produced concentration-dependent

contractions of the pig internal anal sphincter (Figures 1

and 2). The a1A-adrenoceptor selective agonist, A61603,

was the most potent agonist being 158-fold (P¼o0.0001)

more potent than noradrenaline, whereas phenylephrine

was 2.5-fold (P¼0.0016) more potent than noradrenaline

(Table 1). All three agonists produced similar maximum

responses (noradrenaline¼15.22±2.52 g; phenylephrine

15.45±4.28 g; A61603 12.81±0.46 g).

Antagonism of responses to phenylephrine

BMY7378 (1–30 mM), RS100329 (3–100 nM) and 5MU

(3–100 nM) all produced rightward shifts of the concentra-

tion–response curves of the pig internal anal sphincter to

phenylephrine (Figure 3). However, the mean affinity (pKB)

estimate for BMY7378 (a1D-selective) was low (6.59±0.15),

whereas those for RS100329 and 5MU (both a1A-selective)

were relatively higher (Table 2). The resulting Schild plots

(Figure 3) for all three antagonists had slopes similar to

unity (1.08±0.32, 1.33±0.44 and 1.01±0.16 for BMY7378,

RS100329 and 5MU, respectively). Maximum responses

were not significantly reduced by the antagonists and

even the highest concentrations of BMY7378 (control¼
9.36±1.92g, 30mM¼12.22±2.63g), RS100329 (control¼14.61
±3.45 g, 30 nM¼12.15±2.09 g) and 5MU (control¼
22.89±4.95 g, 100 nM¼20.88±5.83 g) failed to significantly

alter maximum contractile responses to phenylephrine.

When using phenylephrine as the agonist, prazosin

(3–100 nM) produced rightward shifts of the agonist con-

centration–response curves, yielding a Schild plot with a

slope similar to unity (1.01±0.24) and giving an affinity

estimate of 8.58±0.10. Prazosin did not affect maximum

responses to phenylephrine (control¼10.21±2.67 g, n¼9;

100 nM prazosin¼11.51±1.96 g, n¼7).

In contrast, the antagonist RS17053 at concentrations

below 10 mM (1–3mM) failed to shift the concentration–

response curve to phenylephrine. However, in the presence

of a higher concentration of this antagonist (10 mM) a

small shift was observed, yielding an affinity estimate of

5.50±0.25 (n¼ 5).

Antagonism of responses to noradrenaline

BMY7378, RS100329 and 5MU all produced rightward shifts

of the concentration–response curves of the pig internal

anal sphincter to noradrenaline. The mean affinity estimate

for BMY7378 (a1D-selective) was low, whereas those for

RS100329 and 5MU (both a1A-selective) were again relatively

high (Table 2). The resulting Schild plots for all three

Figure 1 Typical trace of a cumulative concentration–response
curve to noradrenaline. Each addition of noradrenaline occurs when
the response has reached a plateau. Note the initial generation of
spontaneous tone.

Figure 2 Mean (±s.e.mean) cumulative concentration–response
curves for the a1-adrenoceptor agonists A61603 (a1A-selective),
phenylephrine and noradrenaline in the pig internal anal sphincter.
Responses are expressed as a percentage of the maximum response
for individual curves.

Table 1 Mean potency (pEC50) and potency ratio (ratio of EC50 values)
compared to noradrenaline

Agonist Mean pEC50 Potency ratio n

Noradrenaline 5.59±0.02 1.00 8
Phenylephrine 5.99±0.05 2.49 5
A61603 7.79±0.04 158.46 7

Data represented as mean±s.e.mean.
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antagonists had slopes similar to unity. Maximum responses

were not significantly reduced by the antagonists,

even at the highest concentrations used: BMY7378

(control¼5.82±1.84 g, 30 mM¼12.22±2.63 g), RS100329

(control¼3.93±1.67 g, 30 nM¼3.39±0.61 g) and 5MU

(control¼3.03±0.84 g, 30 nM¼5.26±1.78 g).

As with phenylephrine, the antagonist RS17053 at 10 mM

caused a small shift of the concentration–response curve to

noradrenaline, yielding an affinity estimate of 5.42±0.77.

When using noradrenaline as the agonist, prazosin

(3–100 nM) elicited rightward shifts of the concentration–

response curves, producing a Schild plot with a slope

significantly less than unity (0.50±0.11 Po0.05) (Figure 4)

and giving an affinity estimate of 8.15±0.08. Prazosin did

not significantly reduce maximum responses even at the

highest concentration of 100 nM (control¼15.22±2.52 g,

100 nM prazosin¼22.87±1.52 g).

To investigate the possibility that the low Schild

slope for prazosin when using noradrenaline as the

agonist might be due to an action at a2-adrenoceptors

or 5HT receptors, the effect of antagonists at these receptors

was examined. A cocktail of 5HT receptor antagonists

Figure 3 Mean concentration–response curves to phenylephrine in the absence and presence of (a) BMY7378 (1–30mM), (b)
5-methylurapidil (3–100 nM) and (c) RS100329 (3–30 nM). Responses are expressed as a percentage of the maximum response for individual
curves and the antagonist-induced shifts used to construct the Schild plot illustrated in (d).

Table 2 Mean±s.e.mean pKB values (affinity estimates), pA2 (intercept on the Schild plot) and Schild slope values±s.e.mean for both phenylephrine
and noradrenaline

Phenylephrine Noradrenaline

pKB n pA2 Slope pKB n pA2 Slope

BMY7378 6.59±0.15 21 6.49 1.08±0.32 6.33±0.13 17 6.32 1.11±0.33
5-MU 8.51±0.10 24 8.50 1.01±0.16 8.31±0.10 24 8.27 1.21±0.28
Prazosin 8.58±0.10 35 8.53 1.01±0.24 8.15±0.08 19 8.32 0.50±0.11
RS100329 9.01±0.14 23 8.81 1.33±0.44 9.06±0.22 16 9.18 0.80±0.10
RS17053 o7.0 12 NA NA o7.0 9 NA NA

Abbreviation: NA, not applicable.
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(1 mM ketanserin, ondansetron and methiothepin) had no

effect on responses to noradrenaline in the presence of

prazosin, the pEC50 value being 5.91±0.01 in the

presence of the 5HT antagonists compared to a control

value of 6.16±0.01. However, the a2-adrenoceptor

antagonist idazoxan (1 mM) did cause a significant shift

(P¼0.0005) of the concentration–response curve to nor-

adrenaline when the experiment was performed in the

presence of prazosin, with the pEC50 value being

3.97±0.03 compared to the control value of 4.57±0.04.

This shift was not seen in the absence of prazosin

with the pEC50 values in the absence (5.69±0.03)

and presence (5.59±0.03) of idazoxan being similar

(Figure 5).

Discussion and conclusions

The receptor subtype mediating contraction of the internal

anal sphincter is important because a sphincter-selective

agonist could prove useful in treating faecal incontinence.

Three a1-adrenoceptor subtypes have been cloned and

named as the a1A-, a1B- and a1D-adrenoceptor subtypes

(Alexander et al., 2008). These subtypes are thought to

correlate with the pharmacologically defined, functional

a1-adrenoceptor subtypes (Zhong and Minneman, 1999).

Preliminary studies found that the mucosal layer inter-

fered with the responses of the smooth muscle strips and for

this reason this layer was removed before the tissues were set

up. Few a1-adrenoceptor agonists are selective enough to be

useful in the characterization of these receptor subtypes.

However, A61603 is unusual in having a marked selectivity

for the a1A-adrenoceptors over the a1B- and a1D-adrenocep-

tors. A61603 has been found to be 130–300-fold more potent

than either noradrenaline or phenylephrine in tissues where

responses are mediated by the a1A-adrenoceptor (Knepper

et al., 1995). A61603 and phenylephrine were 158-fold and

2.5-fold more potent than noradrenaline, respectively and

all three agonists gave similar maximum responses. This

suggests that the a1A-adrenoceptor subtype mediates con-

traction of the internal anal sphincter. The a1A-adrenoceptor

is thought to exist in two different pharmacological states

(a1A and a1L) but A61603 does not discriminate between the

two forms, having a high potency on tissues such as the rat

small mesenteric artery, which possesses the low-affinity

state of the a1A-adrenoceptor (that is the a1L-adrenoceptor)

(Stam et al., 1999).

The agonist data therefore suggest that it is the a1A- or

a1L-adrenoceptor that mediates contraction of the circular

smooth muscle of the pig internal anal sphincter. This

conclusion was further strengthened by the results of the

antagonist studies. The first antagonist to be investigated

was BMY7378, which is selective for the a1D-adrenoceptor

subtype and has a 100- and 250-fold selectivity over the

a1A- and a1B-adrenoceptors, respectively. The affinity of

BMY7378 at cloned human a1D-adrenoceptors and at

Figure 4 Mean concentration–response curves to (a) noradrenaline and (b) phenylephrine in the absence and presence of prazosin
(3–100 nM). (c) Schild plot for the antagonism of responses to noradrenaline and phenylephrine by prazosin (3–100 nM). The Schild slope using
noradrenaline is significantly less than that derived from the data with phenylephrine, which has a slope of unity.

a-adrenoceptor of the anal sphincter
KA Mills et al114

British Journal of Pharmacology (2008) 155 110–117



functional a1D-adrenoceptors of the rat aorta is 8.9 (Goetz

et al., 1995; Buckner et al., 1996). In the pig internal anal

sphincter, the affinity estimates for BMY7378 were very low

for both noradrenaline and phenylephrine. The apparent

pKB values for BMY7378 for both agonists were 6.59 and

6.33, which is 4100-fold less than the reported affinity for

this antagonist at a1D-adrenoceptors. This rules out the

involvement of a1D-adrenoceptors in mediating contraction

of the pig internal anal sphincter.

Two other a1-adrenoceptor antagonists had high affinities

for the a1-adrenoceptors of the internal anal sphincter. 5MU

is often used to identify a1A-adrenoceptors, as it has 40-

and 8-fold selectivity over the a1B- and a1D-adrenoceptors,

respectively (Hanft and Gross, 1989). In the pig internal anal

sphincter, the apparent affinities for 5MU using phenylephr-

ine and noradrenaline were 8.51 and 8.31, respectively,

which are within the range for responses mediated by the

a1A-adrenoceptor subtype (Table 3). Similarly, RS100329, an

a1A-adrenoceptor selective antagonist is at least 50-fold more

selective for the a1A-adrenoceptor over the a1B- and a1D-

adrenoceptor subtypes (Williams et al., 1999). In the pig

internal anal sphincter the apparent affinities for RS100329

using phenylephrine and noradrenaline were high (9.01 and

9.06, respectively) consistent with the a1A-adrenoceptor

subtype mediating contraction.

Both the agonist and antagonist data suggest that the

responses of the pig internal anal sphincter are mediated by

the a1A-adrenoceptor or one of the forms (a1A or a1L) of this

receptor. To investigate the involvement of the a1L-areno-

ceptor in the mediation of smooth muscle contraction in the

internal anal sphincter, experiments were performed with

the two antagonists, prazosin and RS17053. RS17053

discriminates between a1A- and a1L-adrenoceptors. This

antagonist has high affinity at cloned and native a1A-

adrenoceptors (pKB¼9.1–9.9) (Ford et al., 1996). However,

RS17053 was found to be 4300-fold less potent (pKB¼7.3) at

a1L-adrenoceptors of the human prostate. On pig internal

anal sphincter, RS17053 at concentrations below 10 mM failed

to significantly shift the concentration–response curve to

either phenylephrine or noradrenaline with 10 mM giving

an affinity of o7.0 in both cases, which suggests

the involvement of the a1L-adrenoceptor. This conclusion

is also supported by the data obtained with another drug,

prazosin, which also discriminates between a1A- and

a1L-adrenoceptors.

Prazosin has a high affinity (approximately 9.6) for all

three of the cloned human a1-adrenoceptor subtypes (Michel

et al., 1995). However, a number of receptors classified as

Figure 5 Antagonism of (a) noradrenaline and (b) phenylephrine
concentration–response curves by idazoxan in the presence and
absence of 100 nM prazosin. Idazoxan causes a significant shift of the
noradrenaline concentration–response curve only in the presence of
prazosin.

Table 3 Affinity estimates of antagonists on the circular smooth muscle of the pig internal anal sphincter.

Antagonist Affinity at published a1-adrenoceptor subtypes Affinity at pig internal anal sphincter with

Phenylephrine Noradrenaline

a1A a1B a1D Mean pKB Mean pKB

BMY7378 6.5±0.2 6.9±0.2 8.9±0.5 6.59±0.15 6.33±0.13
5-MU 8.8±0.1 7.2±0.1 7.9±0.1 8.51±0.10 8.31±0.10
Prazosin 9.3±0.2 9.6±0.1 9.6±0.1 8.58±0.10 8.15±0.08
RS100329 9.6±0.1 7.8±0.2 7.9±0.1 9.01±0.14 9.06±0.22
RS17053 9.4±0.1 7.6±0.3 7.4±0.3 o7.0 o7.0

Published affinity ranges from functional and binding studies (Michel and Insel, 1994; Burt et al., 1995; Goetz et al., 1995; Kenny et al., 1995; Buckner et al., 1996;

Marshall et al., 1996; Ford et al., 1997; Noble et al., 1997; Langer, 1999; Williams et al., 1999; Mackenzie et al., 2000).

a-adrenoceptor of the anal sphincter
KA Mills et al 115

British Journal of Pharmacology (2008) 155 110–117



a1A-adrenoceptors have a low affinity for prazosin

(Muramatsu et al., 1990; Stam et al., 1999). Four concentra-

tions of prazosin were used to determine an affinity estimate

of 8.54 with phenylephrine. This affinity value is too low

for responses to be mediated by the a1A-adrenoceptor and

suggests the involvement of the a1L-adrenoceptor. A similar

result was found using noradrenaline as the agonist;

however, the resulting Schild slope was significantly less

than unity (0.50) suggesting the involvement of more than

one receptor in mediating the response. This possibility was

investigated using a 5HT-receptor cocktail containing

(ketanserin 1 mM, ondansetron 1 mM and methiothepin 1mM)

and an a2-adrenoceptor antagonist, idazoxan (1 mM).

The 5HT antagonist cocktail did not significantly shift the

concentration–response curve to noradrenaline, indicating

that noradrenaline does not stimulate 5HT receptors in the

internal anal sphincter. In contrast, the a2-adrenoceptor

antagonist, idazoxan caused a significant rightward shift

of the concentration–response curve in the presence of

a1-adrenoceptor blockade, which suggests the involvement

of a2-adrenoceptors at higher concentrations of noradrena-

line. This effect was not observed at lower concentrations of

noradrenaline, as no shift was seen in the absence of the

a1-adrenoceptor antagonist. When using phenylephrine,

this effect was absent in the absence and presence of the

a1-adrenoceptor antagonist, suggesting that phenylephrine

does not stimulate a2-adrenoceptors at high or low

concentrations.

The present study, using circular smooth muscle from the

pig internal anal sphincter, is the first to use agonist

potencies and selective antagonist affinities to characterize

the receptor subtype responsible for mediating contraction.

From the data it can be concluded that a receptor with

a1A/L-adrenoceptor pharmacology mediates contraction of

the circular smooth muscle of the pig internal anal sphincter

and may play an important role in maintaining faecal

continence.
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