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A study in vivo of adrenergic receptors in the
rectum and in the internal anal sphincter of the cat’
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SUMMARY The smooth muscle sphincteric activity of the anus in cats is based on two distinct
mechanisms: a typical anal component, characterized by anal slow pressure waves not related
to spike potentials in the internal anal sphincter, and an intestinal-like pressure component
related to spiking activity in the internal sphincter. Anal slow pressure waves are influenced
by the activity of alpha excitatory receptors within the internal sphincter, whereas no con-
clusive data are available concerning the action of adrenergic beta receptors on this pressure
component. Intestinal-like pressure waves and the correlated spiking activity in the internal
anal sphincter are influenced by alpha and beta inhibitory adrenergic receptors. The rectal
wall of the cat contains alpha and beta adrenergic receptors producing relaxation.

The characteristics of anal pressure waves and
the extracellular electrical activity of the internal
anal sphincter in man have been reported earlier
(Kerremans, 1968; Wankling, Brown, Collins,
and Duthie, 1968). The purpose of this paper is
to report the effects of adrenergic stimulating and
blocking agents on (1) the motility pattern of the
rectum and anal canal of the cat after elimination
of all nervous transmission to the striated anal
sphincter apparatus, and ,(2) on the electrical
activity in vivo of the rectum and internal anal
sphincter in the same animal. Reports of previous
investigations indicate the presence of alpha and
beta inhibitory adrenergic receptors in the
intestine (Ahlquist and Levy, 1959; Bucknell and
Whitney, 1964; Brody and Diamond, 1967),
whereas alpha excitatory and beta inhibitory
receptors occur in sphincters, eg, the cardiac
sphincter (Ellis, Kauntze, and Trounce, 1960;
Clark and Vane, 1961), the sphincter of Oddy
(Crema and Berté, 1963), and the iliocaeco-
colic sphincter (Gazet and Jarrett, 1964; Jarrett
and Gazet, 1966). The influence of drugs has

1The contents of this paper form part of a thesis, ‘Morpho-
logical and physiological aspects of anal continence and defaeca-
tion’ submitted by R. Kerr in 1969 for the degree of ‘geag-
gregeerde van het Hoger Oonderwijs’.
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been tested previously only in vitro on the internal
anal sphincter (Parks and Fishlock, 1967;
Friedmann, 1968), and no data of investigations
in vivo are available.

Methods
CHOICE OF ANIMALS

Cats of either sex weighing from 2-5 to 4 kg were
studied. Cats were used because they possess an
anatomically well defined smooth muscle internal
sphincter which allows a more exact siting of
electrodes. Cats were also chosen because they
exhibit a functional internal sphincteric activity
characterized by the presence of a high pressure
zone, persisting after curarization, and by a
marked pressure fall following rectal distension,
the recto-sphincteric relaxation reflex (Gaston,
1948; Schuster, Hendrix, and Mendeloff, 1963).

RECORDING OF PHYSIOLOGICAL
PHENOMENA

The pressure in the anal canal and rectum was
recorded by means of micro-balloons and by
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simultaneous captation of electrical activity at
the level of the internal sphincter and rectum with
silver-wire electrodes (Kerremans, 1968). The
respiratory movements and ECG were recorded
at the same time.

PHARMACOLOGICAL INVESTIGATION
The same drugs used by Levy (1967) were
administered to the cats. Atropine 1 mg/kg
and morphine 10 mg/kg were injected sub-
cutaneously, followed by pentobarbital sodium
30 mg/kg intravenously or intraperitoneally. In
addition, decamethonium 1 mg /15 kg was
injected in a number of experiments in order to
eliminate anal pressure components due to the
continuous activity of the striated external anal
sphincter, which was followed on electromyograms.
Anal pressure patterns recorded during experi-
ments under deep pentobarbital anaesthesia are
comparable to those performed during associated
curarization. To investigate the characteristics of
the adrenergic receptors, two approaches have
yielded most of the present knowledge (Moran,
1966). One is based upon the structure-activity
relationship of agonists (Ahlquist, 1948), the
other on the specificity of blocking drugs. The
latter is the most conclusive until now.

In the present study adrenergic stimulation was
performed by means of successive intravenous
administration of adrenaline, noradrenaline, and
isoprenaline. Timing of the injections was
dependent on the effects of each drug on the ECG
and on its influence on the anal pressure record-
ings. The effect commonly disappeared in about
one minute. After the effect of administering the
drugs had been noted, a single adrenergic blocking
agent (alpha or beta) was administered, followed
by further doses of catecholamines. A slow intra-
venous infusion of phenoxybenzamine, 0-5 or
3 mg/kg, was used as the alpha-adrenergic block-
ing agent. A period of one hour was kept between
the onset of the adrenergic blockade and the suc-
cessive adrenergic stimulation in order to obtain
a good blocking effect. Propanolol was used as
beta-receptor blocking agent. An initial dose of
0-5 mg/kg was given, followed by a continuous
infusion of 2-5 ug/kg/minute.

The drugs used were adrenaline hydrochloride
(A), noradrenaline bitartrate (NA), isoproterenol
hydrochloride  (isoprenaline,  isopropylnor-
adrenaline, INA), phenoxybenzamine hydro-
chloride, propanolol hydrochloride. Doses of the
drugs refer to the dose of the salt in ug or mg/kg.

Results

MECHA NICAL AND ELECTRICAL ACTIVITY
OF THE RECTUM AND INTERNAL ANAL.
SPHINCTER AT REST

Low amplitude pressure waves were recorded
intermittently in the rectum. When rhythmical

activity was present it was related to bursts of
spike potentials in the rectal wall, and the
frequency varied from 2 to 5 ¢ per minute.
Definite electrical slow waves were not often
observed but, when present, their frequency was
between two and 10 per minute.

At the level of the anal canal, a characteristic
pressure pattern was recorded during the resting
state consisting of a baseline pressure on which
phasic contractions with a frequency of 12
to 30/min were superimposed. They occurred
mostly in a continuous fashion, and had similar
features to the anal slow pressure waves recorded
in humans. We refer to them subsequently as
‘anal slow pressure’ waves. Intermittently, the
baseline pressure’ showed low-amplitude pressure
changes at the rate of two to five per minute and
usually lasting more than 10 seconds, appearing
intermittently. We refer to these as ‘intestinal-
like pressure’ waves. Both types of anal motility
could occur either simultaneously or separately
(Fig. 1a).

Electrical recordings at the level of the internal
anal sphincter of the cat can be considered as the
superimposition of two types of activity. The first
type of electrical activity consists of continuous
slow waves of variable configuration and with a
frequency between 15 and 30 per minute. This is
comparable to the basic électrical rhythm recorded
in the internal sphincter in man. Bursts of spikes
or isolated action potentials were recorded dis-
continuously or in a more regular fashion. The
frequency of firing was about the same as the
one recorded in the rectal wall. This type of
activity was not recorded in human internal
sphincter (Kerremans, 1968). A clear relationship
between spike activity and the appcarance of the
intestinal-like pressure waves was observed,
whereas no relation between spike potentials
and the anal slow pressure waves could be
observed (Fig. 1a).

INFLUENCE OF CATECHOLAMINES ON THE
MECHANICAL AND ELECTRICAL ACTIVITY
OF THE RECTUM

The administration of adrenaline, noradrenaline,
or isoprenaline results in a slight decrease in
baseline pressure in the rectum (Fig. 1b, c, and d).
If rectal motility and spiking activity in the rectal
wall are present at the time when the drug is
given they too are inhibited. A rather long time
interval, ie, 20-40 sec, occurs between the begin-
ning of the injection and its effect on rectal
pressure. None of these inhibitory effects of the
adrenergic drugs can be blocked by alpha- or
beta-blocking agents only given separately.

INFLUENCE OF CATECHOLAMINES ON THE
MECHANICAL ACTIVITY OF THE ANUS AND
ON THE ELECTRICAL ACTIVITY OF THE
INTERNAL ANAL SPHINCTER

Administration of adrenaline or noradrenaline
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Fig. 1 Basic patterns of rectal and anal

sphincteric activity and the influence of catechol-
amines. Seven tracings were made simultaneously
and are indicated on the first record: 1,

time in seconds, 2, respiration; 3, ECG; 4, rectal
pressure (calibration in the right inferior angle =

20 mmHg),; 5 and 6, electrical activity in the internal
anal sphincter (calibration = 600 nV, time constant,
7 = 5 sec, and calibration = 300 pnV, time constant,
T = 5 sec); 7, pressure in the anal canal (calibration
= 20 mmHg). The arrows on the time tracings
indicate the end of drug administration. (a) tracings
in the resting state. Note the superimposition of anal

20 mmHg(47)

’W\/\’\/\/‘v‘\/\/\/\{

slow pressure waves and intestinal-like pressure
waves in 1A and only anal slow pressure waves in 1B.
(b) and (c) administration of adrenaline ( (b) A) and
of noradrenaline ((c) A) both result in a sudden
increase of frequency of the anal slow pressure

waves, without spiking, of frequency of the anal slow
Dpressure waves, without spiking activity in the
internal anal sphincter. (b) B and (c) B are taken -
one minute after drug administration. (d) isoprenaline
administration (just before (d) B) does not affect the
anal slow pressure waves but lowers overall anal
pressure. The rectal pressure is also decreased, (d)

C is taken one minute after injection of INA.
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(Fig. 1b and c¢) results in an increase in frequency
and a decrease in amplitude of anal slow pressure
waves, accompanied by a simultaneous rise in
baseline pressure. The effects start 10 to 15
seconds after the beginning of the injection, and
last usually for one minute. Electrical activity
of the internal anal sphincter recorded simul-
taneously shows an increase in frequency of the
slow electrical waves. If spike potentials are
present, they always disappear as well as the
accompanying intestinal-like pressure waves.
After the excitatory period, the baseline pressure
returns to the original level and the frequency of
pressure oscillations again becomes normal.
However, in the cases where spikes (action
potentials) and intestinal-like pressure waves
were present just before stimulation the baseline
pressure falls temporarily to a level below the
original resting level (Fig. 1c). This decreased
pressure is related to prolonged spike inhibition
in the internal anal sphincter and lasts the same
time as the decrease in rectal tone.

Analysis of the results obtained in 13 animals
(Table) shows that adrenaline always stimulates
the basal tone and the pressure waves of the
anus. Noradrenaline usually caused a marked
increase of baseline pressure and of the frequency
of anal slow pressure waves, although sometimes
there was no response or a relaxation.

After the administration of isoprenaline no
change in baseline pressure or in frequency of
the anal slow pressure waves occurred in eight
out of 17 experiments. In the remaining cases,
the mechanical activity was either increased or
decreased (six and three experiments respec-
tively). Spike potentials and their associated
pressure components, when present, were
always inhibited. The influence of INA on the

electrical slow waves of the internal sphincter was
variable.

Administration of the alpha-blocking agent
phenoxybenzamine resulted in a lowering of anal
basal pressure and a decrease in frequency of
anal slow pressure waves. If these slow waves dis-
appear the records show only intestinal-like
pressure waves and spiking activity. The excita-
tory responses of adrenaline and noradrenaline
on anal basal pressure and on the frequency of
anal slow pressure waves are abolished or
markedly decreased after the administration of
phenoxybenzamine (Fig. 2a and b). Phenoxy-
benzamine also partially blocks the inhibition of
the intestinal-like pressure waves and spiking
activity produced by adrenaline and nor-
adrenaline. After the administration of alpha-
blocking agent, isoprenaline has no uniform effect
on the electrical activity of the internal anal
sphincter or on the mechanical activity of the
anus. However, its inhibitory action on spike
activity and on intestinal-like pressure waves
remains unaltered. The results are summarized
in the Table.

After the administration of the beta-blocking
agent propanolol, the excitatory influence of A
and NA on anal slow pressure waves and on anal
basal tone remained unaltered (Fig. 2d and e).
On the other hand, the inhibition of intestinal-
like pressure waves and of spiking activity
produced by A is partly blocked by propanolol,
whereas the inhibitory action of NA appeared to
be accentuated. After the administration of pro-
panolol, isoprenaline rarely influenced anal slow
pressure waves and anal basal tone. Its influence
on intestinal-like pressure waves and spiking
activity remained unaltered or was only slightly
reduced (Fig. 2b).

Drug

Anal Motility

Electrical Activity of Internal Anal Sphincter

Anal Slow Pressure Waves and Basal Tone

Intestinal-like Pressure Waves

Spiking Activity

Excitation No Effect Inhibition Total No. of Excitation No Effect Inhibition Total No. of Excitation No Effect Inhibition Total No. of

Experiments

Experiments Experiments

to

P

A
NA
INA

13
17
6

1,

13
20 -
17

—
O = &\
w

+A
+NA
+INA

Resp to c
Alpha block

dministration of alpha-blocking agent
1 5 6 2

10 10

9 9 1

7 7 16
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Beta block
+A

+NA
+INA

to

istration of bet king agent

3 8

[FRRSNN

8 1
9 3
8 1

12 8 12
14 12 7 19
14 8 9 17
5 2 4 6
10 7 3 10
9 1 6 2 9
13 7 8 15
8 6 2 1 9
5 1 4 3 8
4 4 4 8
4 3 4 7

Table Results of pharmacological investigations on anal motility and electrical activity in the internal anal

sphincter in the cat!
!Each experiment is in a different cat.
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Discussion and Conclusion

Our results indicate that the properties of the
adrenergic receptors in the rectum are identical
to the ones observed at other levels of the
intestine (Ahlquist and Levy, 1959; Bucknell
and Whitney, 1964; Levy, 1967). We may there-
fore assume that alpha- and beta-inhibitory
receptors are present in the wall lof the
rectum. The effects of adrenergic stimulating
and blocking agents support our conception
concerning the physiological behaviour of the anal
autonomous apparatus in the cat at rest; that is to
say, after excluding the function of the striated
sphincter, two separate physiological mech-

A study in vivo of adrenergic receptors in the rectum and in the internal anal sphincter of the cat

Fig. 2 Influence of adrenergic blocking agents on
responses to catecholamines.

(a), (b), and (c): Influence of alpha-receptor
blockade on responses to catecholamines. Eight
tracings were made simultaneously and are indicated
on the first record. Tracing 1, time in seconds;

2, respiration; 3, electrical activity at the ano-rectal
Jjunction (calibration at the bottom = 600 nV, time
constant, ¢ = 5 sec), 4, rectal pressure (calibration =
20 mmHg); 5, electrical activity in the internal

anal sphincter (calibration = 300 uV, time constant,
¢ = 5 sec); 6, ECG; 7, pressure in the proximal part,
and 8, pressure in the distal part of the anal canal
(calibration = 20 mmHg). The arrows on the time
tracings indicate the end of drug administration.
Phenoxybenzamine abolishes the excitatory action

of adrenaline (a) noradrenaline (b) on anal pressure.
Administration of isoprenaline after phenoxybenz-
amine (c) results in an inhibition of intestinal-like
pressure waves in the anal canal, inhibition of spike
activity in the internal anal sphincter and of rectal
motility.

(d), (¢) and (f): Influence of beta-blockade on
responses to catecholamines. Eight tracings were
made simultaneously and are indicated on the first
record. Tracing 1, time in seconds; 2, respiration;

3, ECG; 4, rectal pressure (calibration at the
bottom = 40 mmHg), 5 and 6, electrical activity

in the internal anal sphincter (calibration =

1-200 wV, time constant, ¢ = 5 sec, and calibration =
240 nV, time constant, c = 0-03 sec); 7, pressure in
the proximal part, and 8, pressure in the distal part
of the anal canal (calibration = 40 mmHg). The
arrows on the time tracings indicate the end of the
drug administration. The effects of adrenaline (d)
and noradrenaline (€) on anal slow pressure waves
and on basal tone are not modified by previous
administration of propanolol. Isoprenaline after
propanolol (f) does not change anal slow pressure
waves.

anisms can be distinguished in the pressure
pattern recorded in the anal canal of the cat.
There are anal slow pressure waves which are
independent of spiking activity and intestinal-
like pressure waves which are related to spiking
activity within the internal anal sphincter. Both
mechanisms react in a different manner to
adrenergic stimulating and blocking agents. Dis-
sociation and interpretation of both mechanisms
was only possible by studying the electrical
activity in the internal anal sphincter recorded
simultaneously with the pressure in the anal
canal. The analysis of the results shows that the
anal slow pressure wave frequency and the level
of the baseline pressure are both influenced by
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the activity of alpha excitatory adrenergic
receptors. Our findings in vivo on the role of the
beta receptors in the regulation of anal slow
pressure waves and basal tone are not conclusive,
but it seems that they have an inhibitory action
on these waves and on the basal tone. Although
the influence of isoprenaline stimulation without
previous administration of adrenergic blocking
agents varied, in seven out of 16 (44 %) stimula-
tions with isoprenaline after alpha blockade an
inhibitory effect was observed (Table). This
inhibition was prevented by previous beta block-
ade in seven out of eight experiments. The exci-
tatory effect observed with isoprenaline in six
out of 17 experiments was reduced after the
administration of alpha blocking agent. This
stimulation of alpha receptors might be due to
catecholamines released reflexly into the blood-
stream as a result of isoprenaline-induced hypo-
tension. In our opinion this hypothesis could
explain why the existence of beta inhibitory
receptors is difficult to prove in studies in vivo.
The mechanism of excitation by INA after alpha
receptor blockade in two out of 16 experiments
remains obscure.

It nevertheless appears that both the anal
intestinal-like pressure component in vivo and the
accompanying spiking activity in the internal
sphincter of the cat are influenced by the activity
of alpha and beta inhibitory adrenergic receptors.
These pressure waves apparently have the same
properties as those recorded in the rectum and
their reaction to the administration of the drugs
is also identical.
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