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Abstract

The purpose of the present investigation was to examine the
role of alpha adrenoceptors in the internal anal sphincter
(IAS). Studies were performed on alpha-chloralose anesthe-
tized opossums. Resting pressure in the IAS (IASP) was re-
corded using low compliant continuously perfused catheters.
The effects of the alpha-i adrenoceptor agonist phenylephrine
and alpha-2 adrenoceptor agonist clonidine and their corre-
sponding selective antagonists, prazosin and yohimbine, re-
spectively, were examined on the resting IASP, and on rectal
balloon distension (RBD)-mediated IAS relaxation.

Phenylephrine caused a rise in the IASP that was blocked
by prazosin and not by yohimbine. Phenylephrine had no effect
on IAS relaxation caused by RBD. Clonidine on the other hand
caused significant suppression of IAS relaxation in response to
RBD, but caused minimal changes in the resting IASP. The
suppression of IAS relaxation by clonidine was selectively an-
tagonized by yohimbine but not by prazosin. From these stud-
ies we conclude that alpha-2 adrenoceptors exert important
neuromodulatory influences on rectoanal inhibitory reflex,
while alpha-i adrenoceptors may exert modulatory effects on
the resting IAS tone. (J. Clin. Invest. 1990. 86:424-429.) Key
words: internal anal sphincter - alpha adrenoceptors * recto-
anal inhibitory reflex * anal canal pressures

Introduction

The internal anal sphincter (IAS)' plays an important role in
recto-anal continence and in the pathophysiology of diarrhea
and constipation (1). In vitro studies from different laborato-
ries in different species (2-4) have suggested that resting tone
in the IAS is primarily due to the myogenic properties of the
IAS smooth muscle. Relaxation of IAS on the other hand is
neural and involves the release of noncholinergic, nonadren-
ergic inhibitory neurotransmitter (2, 5) from the myenteric
inhibitory neurons.

Sympathetic nerve stimulation in vivo studies is known to
cause a rise in the resting IAS pressure (IASP) and suppression
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of rectal balloon distension (RBD)-mediated IAS relaxation.
Sympathetic fibers to the IAS that terminate in the area of the
myenteric neurons or directly at the smooth muscle (6) may
exert their effects on the IAS via alpha or beta adrenoceptors
(7, 8). Beta adrenoceptors are primarily inhibitory and pro-
duce relaxation of the IAS by their action directly at the
smooth muscle (7, 8). Alpha adrenoceptors may further be
subclassified into alpha- 1 and alpha-2.

The location and the role of alpha-1 and alpha-2 adreno-
ceptors in a number of systems has been examined before
(9-1 1). However, studies examining the influence of alpha- 1
and alpha-2 agonists in order to investigate the role of alpha
adrenoceptors in IAS function have not been performed be-
fore.

The purpose of this investigation therefore was to inves-
tigate the role of alpha adrenoceptors in the regulation of
the IAS.

Methods

Animal preparation. Studies were performed on 42 adult opossums
anesthetized with alpha-chloralose. The animals were strapped supine
on an animal board and kept warm (36'C) with a circulating water
heating pad. The femoral vein was cannulated for intravenous admin-
istration and the femoral artery was cannulated (intraarterially) to
position the tip of the cannula at the level of bifurcation of the com-
mon iliac arteries. The intraarterial cannula was used for the injection
of alpha adrenergic agonists and antagonists, and for the continuous
monitoring of arterial blood pressure. The position of the intraarterial
cannula was confirmed at the conclusion of the experiment. The ani-
mals were supported by an artificial ventilator (model 661; Harvard
Apparatus Co. Inc., Millis, MA) via an endotracheal tube.

Intraluminal pressure measurements. Anal canal pressures reflect
total activity of the IAS smooth muscle and external anal sphincter
(EAS) and other adjoining skeletal muscles. In order to record pres-
sures contributed by the IAS, the electromyographic activity of the
EAS was obliterated by the use of pancuronium bromide (I mg/kg
i.v.). The use of pancuronium selectively obliterated the electromyo-
graphic activity of the EASwithout any effect on the resting IASP and
its response to rectoanal reflex ( 12). A modified version of the specially
designed seven channel manometry catheter assembly with side holes
5-mm apart was used to record IASP. All the catheters of the assembly
were continuously perfused with bubble-free water via a low compli-
ance, pneumo-hydraulic valve system. The catheter assembly was ini-
tially introduced into the rectum and with a slow pull through it was
positioned in the anal canal so that pressures from the entire length of
the anal canal could be recorded simultaneously. High pressures in the
internal anal sphincter consisted of rhythmic fluctuations (phasic) su-
perimposed on the tonic pressures. Tonic pressures were defined as the
elevated pressures and denoted by the line joining the valleys of rhyth-
mic fluctuations. Scanning the entire anal canal, spontaneous highest
phasic pressures with superimposed tonic pressures that responded to
RBDwere regarded as the resting IASP. IASPs were recorded on a
dynograph recorder (model R7 11; Beckman Instruments, Inc.,
Schiller Park, IL). All the pressures were in relation to the atmosphere
and were recorded using Statham transducers. The details of construc-
tion of the recording catheter assembly, pressure dynamic of the as-
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sembly, and other details of the pressure recording system have also
been described previously (12).

Drug responses. The IAS response to intraarterial phenylephrine
and clonidine administered in single boluses in different randomized
doses (ranging from 1 X 10-8 to 1 X I0O- mol/kg) were examined. The
corresponding antagonists of alpha-I and alpha-2 adrenoceptors pra-
zosin and yohimbine were also given via the same route in different
doses so as to investigate their effectiveness in blocking the effects of
their respective agonists. Details of quantification of recording and
representation of changes in baseline IASP after administration of an
agent has been described previously (12). Alpha-i adrenoceptor ago-
nist was delivered at a minimum of 20-min intervals or at least 10 min
following the disappearance of the effect of the previously adminis-
tered dose, since rise in the resting IASP caused by phenylephrine was
short lived and reversible. An interval of 10 min was allowed between
administration of the antagonist and alpha-I agonist. In the case of the
experiments for clonidine's effect on the IAS relaxation, the interval
between different doses of clonidine was fixed at 30 min. Considering
the long-lasting actions of clonidine, the possibility that the quantita-
tive values of IAS relaxation with RBDin the presence of different
doses of clonidine are the result of partial accumulation may not be
ruled out. For studies dealing with alpha adrenoceptors antagonists,
clonidine (6.4 X lo- mol/kg) was present throughout the experiment
and the influence of different doses of antagonists on the suppressant
effect of clonidine on RBDresponses was investigated.

Tetrodotoxin (TTX) (5 Asg/kg, i.a.) was given in single doses at
30-min intervals until the IAS relaxation responses to RBDwere com-
pletely obliterated. The effect of phenylephrine on the IAS in the
presence of TTX was examined when IAS responses to RBDwere
completely obliterated.

The following agents were used: clonidine hydrochloride (Catapres;
mol wt 230.10; Boehringer Ingelheim Ltd., Elmsford, NY); alpha
chloralose (mol wt 309.5); naphazoline hydrochloride (mol wt 246.7);
phenylephrine hydrochloride (mol wt 203.77); prazosin hydrochloride
(alpha-I adrenoceptor antagonist [13]; mol wt 419.9); yohimbine hy-
drochloride (alpha-2 adrenoceptor antagonist [14]; mol wt 390.9;
Sigma Chemical Co., St. Louis, MO); pancuronium bromide (Organon
Diagnostics, West Orange, NJ); and TTX (mol wt 319.28; Calbio-
chem-Behring Corp., San Diego, CA).

All agents except prazosin and yohimbine were dissolved or diluted
in 0.9% NaCl. Prazosin and yohimbine were dissolved in distilled
water and then diluted with 0.9% NaCl. The administration of the
solvent in all cases was tested in control experiments and used in the
volumes employed for the actual agents that were found to exert no
significant effect on the internal anal sphincter. The doses of all agents
were expressed on the basis of their salts.

Hypogastric nerve stimulation. Laparotomy was performed and the
point of bifurcation of the common iliac arteries was identified to
locate the hypogastric plexus. One of the nerves emerging from the
plexus was used and upon electrical stimulation elicited maximum rise
in IASP. Bipolar silver-silver chloride hook stimulating electrodes were
placed around the nerves for electrical stimulation of the sympathetic
nerves. The parameters of electrical stimulation were 5 mA, 0.5 ms
pulse duration, 60 s train at frequencies varying from 1 to 20 Hz.

Recto-anal reflex. To mimic the rectoanal reflex, RBDwas pro-
vided by 8 s inflations of the rectal balloon. The volume of distension
was varied from 1 to 10 ml of air. In order to quantify the influence of
alpha adrenoceptor agonists on IAS relaxation, the volume of RBD
was such that it produced maximal relaxation of IAS. This was deter-
mined in each animal beforehand. Details of the construction of the
rectal balloon (as part of the pressure recording assembly) and its use
have been described before (12).

Sacral nerve stimulation and local intramural stimulation. The
sacral nerve which produced maximal IAS relaxation on electrical
stimulation was used. Two sacral nerves were found in these animals as
compared to five in our previous studies (15). The exact reason for the
difference is not known. For certain experimental protocols, electrodes

were implanted in the region of the LAS for local intramural stimula-
tion as previously described (5).

Data analysis. The response of resting IASP to different drugs was
measured as the maximal change in peak phasic pressure following
administration of the agents and different neural stimuli. In order to
account for possible variations in resting peak pressures, the changes in
IASP were expressed both on the basis of percent as well as absolute
changes. Furthermore, each animal served its own control for data
regarding responses to different agents, hypogastric nerve stimulation,
RBD, sacral nerve stimulation, and local intramural stimulation. In
case more than one observation was made in response to a specific dose
or stimulus parameter in a given experimental protocol, the average of
the responses was treated as n = 1. Data are expressed as mean±SEof
four to six values obtained in different animals. Statistical analysis was
performed using paired or unpaired t test where applicable (16).

Results

Effect of alpha-i adrenoceptor agonist phenylephrine on the
resting IASP and on IAS relaxation by RBD. Phenylephrine
caused dose-dependent rises in the resting IASP. Rises in both
phasic as well as tonic pressures were observed. Fig. 1 provides
the detailed changes in IASP with phenylephrine on an abso-
lute and percentile basis. The rise in IASP with 1.6 X lo-7
mol/kg was 52.5±9.0 mmHgand 88.8±11.1% (the resting
IASP was 60.0±7.8 mmHg). The changes in maximal tonic
pressure with different doses of phenylephrine paralleled with
those of maximal phasic pressure (IASP). The absolute rise in
tonic pressures with 1.6 X 10-7 and 6.4 X 1o-7 mol/kg were
45.0±6.1 and 48.3±1.7 mmHg, respectively (the resting tonic
pressures in the IAS in these experiments were 24.0±0.4 and
23.3±4.4 mmHg, respectively).

Interestingly, when the pressures in each level of the anal
canal were analyzed, the rise in pressures with phenylephrine
were dependent on the region of the anal canal. Tested against
1.6 X 10-7 mol/kg phenylephrine, the proximal part of the
anal canal (2.5 and 3 cm above the anal verge) produced a
significantly higher response than the distal part (1 and 1.5 cm
above anal verge). The absolute values of rise in phasic pres-
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Figure 1. Effects of phenylephrine and clonidine on maximal peak
phasic IASP. Phenylephrine caused a dose-dependent rise in IASP.
The rise in IASP with phenylephrine is shown on both the absolute
and percent bases. The dose of 1.6 X lo- mol/kg is maximally effec-
tive in causing a rise in IASP with phenylephrine. Clonidine, on the
other hand, caused no significant change in IASP. This and the sub-
sequent figures were plotted using sigma plot. The values represent
mean±SE, in some cases the SE were small and the absence of the
SE bars is due to their loss in the symbols.
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sure at 1, 2, and 3 cm above the anal verge were 9.0±2.8,
27.0±7.1, and 75.5±13.3 mmHg, respectively.

The neurotoxin tetrodotoxin in the present studies like the
previous studies failed to modify the rise in IASP caused by
phenylephrine (12).

The alpha- I agonist phenylephrine examined over a wide
range of doses produced no significant effect on the fall in
IASP caused by RBD(Fig. 2).

Influence of alpha-i adrenoceptor antagonist prazosin on
rise in IASP with phenylephrine and by hypogastric nerve stim-
ulation. Prazosin antagonized rises in both resting IASP and
mean arterial pressure (MAP) in response to phenylephrine. In
order to arrive at an appropriate dose of prazosin, we exam-
ined the influence of different doses of prazosin against 6.4
X lo0 mol/kg phenylephrine which was maximally effective
in causing a rise in MAPand 1.6 X lo-7 mol/kg which was
most effective in causing a rise in IASP. 6.4 X lo-7 mol/kg
phenylephrine caused a rise in MAPof 25.4±3.8 mmHg.Pra-
zosin caused a dose-dependent antagonism of this rise. The
rise in MAPwith phenylephrine in the presence of prazosine
10, 25, and 50 jsg/kg was 14.0±2.3, 11.3±2.9, and 3.5±1.9
mmHg,respectively. Likewise the rise in IASP with 1.6 X l-7
mol/kg phenylephrine was also maximally antagonized from
52.5±9.0 to 3.5±1.9 mmHgin the presence of prazosin (50
,ug/kg). The resting IASP before and after prazosin were
60.0±7.8 and 50.0±9.6 mmHg, respectively.

Electrical stimulation of hypogastric nerves caused a fre-
quency-dependent rise in IASP (Fig. 3) and MAP. The rise in
IASP with a 10-Hz (5 mA, 0.5 ms, 60 strain) stimulation of the
hypogastric nerve was 39.2±5.5 mmHg. Prazosin (50 ,ug/kg)
caused a significant decrease in the rise in IASP caused by
hypogastric nerve stimulation to 17.9±3.3 mmHg(P < 0.05).

In addition to causing a rise in IASP, sympathetic nerve
stimulation also causes inhibition of fall in IASP in response to
RBD(17).

Influence of alpha-i adrenoceptor antagonist prazosin on
the resting IASP. The fall in the resting IASP with the dose of
prazosin (50 gg/kg) that was optimal in causing the antago-
nism of rise in IASP in response to phenylephrine and hypo-
gastric nerve stimulation was not significant. The resting
values of IASP before and after prazosin (50 ,ug/kg) were
74.3±6.6 and 60.7±9.4 mmHg(P > 0.05; n = 16). However,
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Figure 3. Effect of prazosin on the rise in IASP caused by hypogas-
tric nerve stimulation. 50 Ag/kg of prazosin caused significant antag-
onism of hypogastric nerve stimulation-induced rise in IASP.

the higher doses of prazosin produced significant fall in IASP
(Fig. 4).

Like phenylephrine, prazosine (50 gg/kg) affected the
pressure depending upon the level of the anal canal. In the
distal part of the anal canal, prazosin had no significant effects,
while proximally (2 and 2.5 cm above anal verge), it caused a
significant fall. The exact significance of these observations at
the present time is not clear.

Effects of alpha-2 adrenoceptor agonist clonidine on the
resting IASP and on IAS relaxation by RBD. As compared to
the effects of phenylephrine, clonidine had minimal effects on
the resting IASP (Fig. 1).

The alpha-2 adrenoceptor agonist clonidine (in contrast to
alpha-I agonist) caused significant suppression of fall in IASP
by RBD(P < 0.05). At a dose of 6.4 X lO-' mol/kg clonidine,
an almost complete obliteration in the IAS relaxation in re-
sponse to RBDwas observed (Fig. 2). This effect of clonidine
was maintained for at least 2 h. The entire protocol dealing
with the effect of clonidine and antagonists was completed
within that time. In these experiments, the resting IASP before
and after clonidine (6.4 X l0-7 mol/kg) were 68.5±4.6 and
73.4±4.2 mmHg, respectively (P > 0.05).-

Influence of alpha-2 adrenoceptor antagonist yohimbine on
the effect of clonidine. In doses of 250 Ag/kg and higher, yo-
himbine produced dose-dependent antagonism of clonidine
(6.4 X IO-' mol/kg) in causing inhibition of RBD-induced IAS
relaxation (Fig. 5 A). Yohimbine (625 jg/kg) caused complete
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Figure 2. Effects of phenylephrine and clonidine on RBD-induced
IAS relaxation. Clonidine caused dose-dependent and significant
suppression of lAS relaxation caused by RBD(P < 0.05). Certain
doses of clonidine caused complete obliteration of IAS relaxation in
response to RBD. Phenylephrine on the other hand caused no signif-
icant modification in the fall of IASP by RBD.
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Figure 4. Effect of prazosin on resting IASP recorded in 16 animals.
Note that 50 pg/kg of prazosin did not significantly modify the rest-
ing IASP (P > 0.05). The higher dose of prazosin did however cause
a significant fall in IASP (P < 0.05).
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reversal of the clonidine-induced suppression of IAS relax-
ation without significant change in the resting IASP. Prazosin
(50 ttg/kg), which almost abolished the response of phenyleph-
rine, had no significant effect on the response of clonidine in
causing suppression of 1AS relaxation (Fig. 5 B).

Influence ofclonidine on fall in IASP caused by sacral nerve
and local intramural stimulation. Electrical stimulation of sa-
cral nerve and local intramural stimulation caused 1AS relax-
ation. The fall in IASP produced by the stimulation of the
sacral nerve was not modified by the alpha-2 agonist clonidine
(6.4 X l-7 mol/kg) (Fig. 6). Even the higher dose of clonidine
(1.0 X 10-' mol/kg) failed to cause significant modification of
IAS relaxation caused by sacral nerve stimulation. At 2 and 5
Hz, the fall in IASP before and after clonidine (1 X l0-5 mol/
kg) was 73.0±1.0 and 79.0±1.0, and 77.0±1.5 and 81.0±0.8%,
respectively (P > 0.05). The resting IASP during the control
experiments at the time of 2 and 5 Hz of sacral nerve stimula-
tion were 38.3±1.7 and 38.1±1.2 mmHg, respectively.

Clonidine, in the dose (6.4 X l0-7 mol/kg) that caused
almost complete obliteration of 1AS relaxation response to
RBDfailed to modify 1AS relaxation elicited with local intra-
mural stimulation. The fall in IASP with local stimulation
before and after clonidine was 78.5±3.1 and 80.2±2.9% (P
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Figure 5. (A) Effect of yohimbine on clonidine-induced inhibition of
IAS relaxation caused by RBD. Note that yohimbine caused a dose-
dependent reversal of the IAS relaxation. It was complete with the
625 ,Ag/kg and higher doses. Note that for clarity, 250, 500, and 750
jsg/kg doses of yohimbine were only labeled on the graph and the
doses of 125, 375, and 625 tg/kg were not labeled. (B) Effect of pra-
zosin and yohimbine on RBD-induced IAS relaxation. Clonidine
caused significant suppression of IAS relaxation by RBD, which was
reversed by yohimbine. The suppression of RBD-induced IAS relax-
ation with clonidine was not affected by prazosin.
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while the response to sacral nerve stimulation in causing IAS relax-
ation was still preserved (upper panel).

> 0.05). The fall in IASP with RBD(7 ml) in this set of exper-
iments, before and after clonidine, was 85.4±4.3 and 4.0±0%,
respectively (P < 0.05).

Effect of naphazoline on the internal anal sphincter. Na-
phazoline (6.4 X l0-7 mol/kg) caused two types of responses
on IAS, a rise in IASP and suppression of fall in IASP pro-
duced by RBD. The fall in IASP with RBD(7 ml) before and
after naphazoline was 66.7±4.7 and 8.6±3.8%, respectively (P
< 0.05).

Discussion

The results of the present investigation suggest that alpha
adrenoceptors exert significant effects on the internal anal
sphincter. Alpha-2 adrenoceptors exert neuromodulatory ef-
fects on IAS relaxation primarily in response to RBD. The
observations in support of this are that the alpha-2 adrenocep-
tor agonist clonidine caused almost complete obliteration of
IAS relaxation elicited by RBD. A number of previously pub-
lished studies in different systems have suggested the presyn-
aptic location of alpha-2 adrenoceptors and the site of action
of clonidine (9-11, 18, 19). The action of alpha-2 adrenocep-
tor agonist clonidine and its site of action on the IAS however,
have not been examined before.

The neural pathway responsible for IAS relaxation in re-
sponse to RBDhas not been fully characterized. A number of
studies have suggested that the pathway is intramural (20-22).
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On the other hand, involvement of the spinal cord (presum-
ably via sacral nerves) may not be completely ruled out (23).
This study showed that clonidine caused obliteration of IAS
relaxation in response to RBDwithout modifying the re-
sponses to sacral nerve stimulation and local intramural stim-
ulation. These findings suggest that the inhibitory effect of
clonidine at the IAS smooth muscle and neuromuscular level
is less likely, since the fall in IASP in response to the released
inhibitory neurotransmitter substance (in response to sacral
nerve stimulation and local intramural stimulation), which in
turn acts on the IAS smooth muscle (17), remained unmodi-
fied by clonidine. Thus the site of action of clonidine is sug-
gested to be above the neuromuscular level and possibly at the
intramural inhibitory pathway. The central site of action of
clonidine in other regions of the gastrointestinal tract has been
suggested before (24-27). The central site for the suppressant
effect of clonidine on the recto-anal inhibitory reflex is less
likely since RBD-induced IAS relaxation may be due primar-
ily to activation of the intramural inhibitory pathway. Further-
more, naphazoline, a putative alpha-2 adrenoceptor agonist
that crosses the blood brain barrier poorly (24), also blocks
RBD-induced IAS relaxation.

In contrast to the alpha-2 adrenoceptors, alpha- 1 adreno-
ceptors reside in the smooth muscle cells (10, 1 1). The present
studies on IAS support that concept since the alpha- 1 adreno-
ceptor agonist phenylephrine-induced rise in IASP was not
modified by neurotoxin TTX, and it did not exert significant
neuromodulatory effects on the IAS (evident by the lack of
inhibitory effect on the IAS relaxation). Furthermore, prazo-
sin, which works by the antagonism of alpha- 1 adrenoceptors
at the smooth muscle level (13), caused selective antagonism of
the action of phenylephrine without modifying the effect of
clonidine, an alpha-2 adrenoceptor agonist.

In this study we examined the effects of different doses of a
more selective alpha- 1 adrenoceptor antagonist, prazosin, and
examined the influence of the antagonist along the entire
length of the anal canal. The data suggest that the effect of
alpha- 1 activation and antagonism show local variation within
the anal canal. Alpha- 1 adrenoceptor agonist and antagonist
had more pronounced effects on the proximal part of the anal
canal, suggesting that the pressures in this part of the anal
canal may be partially under excitatory modulation by sympa-
thetic nerve via the alpha- 1 adrenoceptors. The resting pres-
sures in the distal part of the anal canal, however, were not
significantly modified. The exact significance of differential
responses of different regions of the anal canal to the alpha- 1
adrenoceptor agonists and antagonists is not clear at the pres-
ent time. Differential sensitivities to a given neurohumoral
substance in different regions of the large intestine are just
beginning to be recognized (28). Interestingly, when studies
were performed focussing on the maximal peak phasic pres-
sures of the whole anal canal (IASP), minimal effects with the
optimal dose of prazosin were observed. The higher doses of
prazosin however did cause a significant fall in the resting
IASP. The exact reason for the fall in IASP with higher doses of
prazosin other than the possible nonselectivity of its action is
not known. The lack of exact scrutiny of IASP along the entire
length of the anal canal, different doses of selective antagonist
of alpha- 1 adrenoceptors, the use of a large manometry device,
and the species differences may have contributed to the differ-
ences in results with alpha- 1 adrenoceptors' antagonists on the
resting IASP (29). Future studies examining the participation

of longitudinal versus circular smooth muscle fibers of IAS
may improve our understanding of different neurohumoral
factors influencing the resting IASP.

From these studies we conclude: (a) the activation of
alpha-2 adrenoceptors exerts major inhibitory modulatory ac-
tions on the recto-anal inhibitory reflex causing suppression of
reflex-mediated 1AS relaxation. The exact site of alpha-2
adrenoceptor-mediated suppression of 1AS relaxation remains
to be further investigated; (b) alpha-l adrenoreceptors exert
primarily excitatory effects on the 1AS smooth muscle.
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