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ACTION OF S-ADRENOCEPTOR ANTAGONISTS
ON THE RESPONSE TO ISOPRENALINE
IN THE OESTROGEN DOMINATED RABBIT UTERUS

BRITT-INGJERD NESHEIM

Institute of Pharmacology, University of Oslo, Blindern, Oslo 3, Norway

1 Log dose-response curves to isoprenaline from spontaneously contracting muscle strips from
rabbit uterus have been obtained. The effects of the a-adrenoceptor antagonists phentolamine
and phenoxybenzamine, the f-adrenoceptor antagonists propranolol and practolol, and
(+)-propranolol on the log dose-response curves were studied.

2 Phentolamine 5.3 x 10™"M had a stimulating effect on the muscle strips, moving the log
dose-response curve of isoprenaline to the right. Phenoxybenzamine 2.9 x 107% M had no effect
on the curves.

3 Propranolol 3.4 x 107®M had no effect on the curves from circular muscle strips, with
either phentolamine 5.3 x 107’ M or with phenoxybenzamine 2.9 x 10> M as a-blocker. The
curves from the longitudinal muscle strips were shifted somewhat to the right, the same shift,
however, being obtained with (+)-propranolol 3.4 x 107 M.

4 Practolol 3.8 x107%, 3.8 x 10~° and 3.8 x 10"*M was without effect on the curves, either
in the circular or in the longitudinal strips.

5 It is concluded that neither propranolol at 3.4 x 107°M nor practolol act as 8 -adrenoceptor
antagonists in oestrogen dominated rabbit uterus. In all other tissues investigated, propranolol
or practolol block the effect of isoprenaline. Whether the effect of isoprenaline in this tissue
may be termed a -effect, is then a question of definition. In addition there is no evidence for
any extraneuronal uptake mechanisms for isoprenaline.

6 Variations in sensitivity to f-stimulation with the time of the year were observed, the

sensitivity being greatest in the winter and lowest in the summer.

Introduction

The effects of stimulation of the a- and
B-adrenoceptors in the rabbit myometrium are
well known (for references, see Marshall, 1970).
Stimulation of the f-adrenoceptors invariably
causes inhibition of the spontaneous activity of
the uterine smooth muscle. One of the procedures
used for differentiating types of adrenoceptors is a
quantitative determination of the capacity of an
antagonist to reduce the sensitivity of the
responding tissue to an agonist (Furchgott, 1967).
Pharmacological testing of this type, involving
different (-adrenoceptor antagonists, has again
produced evidence for the existence of different
types of -adrenoceptors in different tissues (for
review, see Furchgott, 1972). Previous in vitro
experiments have shown (Nesheim, 1972) that the
longitudinal and the circular muscle strips of the
oestrogen-dominated rabbit uterus react
differently to [-stimulation, the longitudinal
muscle being much more sensitive to 8-stimulation
than the circular muscle. During these studies it
was discovered that the inhibitory response to the
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B-adrenoceptor agonist isoprenaline could not be
blocked to any great extent by the $-adrenoceptor
antagonist propranolol.

The experiments presented here were under-
taken in order to study in more detail the effect of
B-adrenoceptor antagonists and, if possible, to
decide to which group of 3-adrenoceptors the ones
of the rabbit myometrium belong.

Methods

Sixty-four rabbits, each weighing 2-4 kg, were used
for the experiments. Ovariectomy was performed
through incisions of about 2 ¢cm in the flanks, after
which a tablet of 25 mg diethylstilboestrol was
implanted subcutaneously. One week later the
animal was given a blow on the neck and
thereafter bled to death by cutting the carotid
arteries. The uterus was removed immediately and
placed in modified Ringer solution as described
previously (Nesheim, 1972). Nineteen rabbits were
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Tracing from an experiment on a longitudinal muscle strip from oestrogen dominated rabbit uterus.

Reserpine-treated rabbit. Phenoxybenzamine present in the bath. To the left: spontaneous activity immediately
before the addition of isoprenaline. At the arrows, isoprenaline was added to the bath.

given reserpine 1 mg/kg intraperitoneally or
intravenously 24 h before they were killed.

Muscle strips, 10-15 mm long and 2 mm wide,
were cut from the uterus in the longitudinal and
the circular direction. The strips were transferred
to organ baths, as described by Nesheim (1972).
Muscle tension was recorded isometrically. All
strips were allowed to equilibrate in the bath for at
least one hour. Adrenoceptor antagonists were
added immediately after the strips were mounted.

The (-adrenoceptor agonist used was isoprena-
line, at concentrations of 2x 107! M-
2x1075M. The doseresponse curves were
obtained by cumulative addition of isoprenaline,
always starting with the lowest concentration and
multiplying it by ten with each addition of the
drug. The time interval between each addition of
drug was six minutes. Each muscle strip was used
only once.

The muscle strips had spontaneous activity.
Isoprenaline inhibited this activity (Figure 1). The
degree of inhibition of the spontaneous activity
caused by the f[-adrenoceptor agonist was
calculated by the following procedure: the height
of each contraction during one 5 min interval just
before any drug had been added was measured and
these heights were added together. Then the
heights of each of the contractions in a 5 min
interval after addition of each concentration of the
drug were added together. The first minute after
the addition of the drug was ignored in order to
allow the drug to produce its effect. The
difference between the sums obtained before any
drug had been added and after addition of each
concentration of the drug, expressed as percentage
of the sum obtained before the addition of the
drug, was used as a measure of the inhibition.

As stated previously (Nesheim, 1972), the
responses to a certain concentration of isoprena-
line varied a great deal, both within the same
rabbit and between different rabbits. The varia-
tions in response between different muscle strips
from one rabbit were smaller than the variations
between the different rabbits. Therefore, the
median of the responses from the individual
muscle strips taken from each rabbit was used in

the statistical calculations. The median of these
medians is plotted in the figures.

The log dose-response curves were obtained by
fitting the logistic function y =Y - xn/(xn + kn) to
the experimentally determined points by a
non-linear least squares method (Parker & Waud,
1971). In this equation Y = maximum response, x
= drug concentration giving response y, k = EDs,
n =a power determining the slope of the curve.
During the fitting procedure, all three parameters
Y, k and n could be varied, or any one or two of
them could be kept constant.

The experiments were done in five series. In
each series the effect of one of the antagonists was
compared to controls in such a way that
approximately the same number of muscle strips
were used with antagonist and as controls from
each animal. Each experimental series consisted of
10-12 rabbits, and each rabbit yielded 30-40
muscle strips.

To estimate the effect of the $-adrenoceptor
antagonists each rabbit was considered separately.
For each concentration of isoprenaline the median
response of all muscle strips was taken. The median
log dose-response curves obtained in this way, with
and without [-adrenoceptor antagonist, were
compared. In order to do this the two curves were
fitted simultaneously with the same n and Y. Thus
for each rabbit median curves with and without
B-adrenoceptor antagonist were obtained, which
gave the best fit to the experimentally determined
points, given that the only effect of the drug was
to change EDgo. The ratio of EDso with and
without antagonist was calculated for each rabbit.
Three parameters characterizing the distributions
of these ratios within each experimental series are
shown in Table 2. These parameters are the median
(x) and the upper and lower 90% confidence
limits. When the value 1.0 is included between the
upper and lower confidence limits, this means that
the antagonist had no statistically significant
effect.

As it could not safely be assumed that the
distributions of the EDso ratios were symmetrical,
the method described by Noether (1971) was used
to find the confidence limits. The statistical
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Figure 2 Log dose-response curves to isoprenaline in circular and longitudinal muscle strips from rabbit uterus.
Abscissae: concentration of isoprenaline (M). Ordinates: % inhibition of spontaneous activity. (a) With
phentolamine 5.3 x 10~” M added to the bath (2); without phentolamine (). Median results from 12 rabbits. (b)
‘With phenoxybenzamine 2.9 x 10~% M added to the bath (2); without phenoxybenzamine (®). Reserpine-treated

rabbits. Median results from 6 rabbits.

method used for determination of the significance
of the difference between the experimental log
dose-response curves was a one-sided Wilcoxon-
van Elteren test (van Elteren, 1960), and for
determination of the significance of the difference
between any two points on the curves Wilcoxon
two sample test was used.

The drugs used were: isoprenaline sulphate,
phentolamine  (Regitin), phenoxybenzamine,
(*)-propranolol (Inderal), practolol (Eraldin),
(+)-propranolol and reserpine (Serpasil).

Results

Isoprenaline had some a-activity in high concentra-
tions. When no a-adrenoceptor antagonist was
present in the bathg the stimulation caused by
isoprenaline 2 x 107> M was similar to that of
isoprenaline 2 x 10™*M when the a-adrenoceptor
antagonist was present. Lower concentrations were
used to study the §-activity.

Effect of phentolamine

Figure 2a shows the effect of the presence of
phentolamine 5.3 x 107" M in the organ bath on
the log dose-response curves to isoprenaline. The
muscle strips were less sensitive to isoprenaline in
the presence of phentolamine (a<< 0.001).
Phentolamine might have been expected to leave
the curves unchanged or to have shifted them in
the opposite direction if isoprenaline in the
concentrations used had had any «-activity and
phentolamine had blocked this activity. Phento-
lamine therefore must have stimulating properties
on the rabbit myometrium.

When all three parameters Y, k amd n were
allowed to vary during the curve fitting, Y ended
up close to 100%. During the fitting procedure of
the curves plotted in Figure 2a, Y was kept
constant at 100%. The same procedure was
adopted for all subsequent curves where Y ended
up close to 100% (Figures 2-4).
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Figure 3 Abscissae and ordinates as in Figure 2. Phentolamine 5.3 x 10°” ,M was always present in the organ
bath. (a) Controls (), with (+)-propranolol 3.4 x 107 M (2). Median results from 12 rabbits. (b) Controls (e),
with (+)-propranolol 3.4 x 107¢ M (2). Median results from 10 rabbits.

Effect of phenoxybenzamine Phentolamine 5.3 x 1077 M was used to block the
a-adrenoceptors.
Since phenoxybenzamine can release endogenous The curves from the circular strips were very

catecholamines in some tissues (Furchgott, 1972) similar and were not statistically significantly
the experiments were done on reserpine-treated different. The curve from the longitudinal strips
rabbits. Figure 2b shows the effect on the log was shifted somewhat (statistically significant) to
dose-response curves to isoprenaline of phenoxy- the right, the median ratio between the EDgy with
benzamine 2.9 x 105 M. The curves are fairly and without (*)-propranolol being 2.4 (Table 2).
similar. There 1is no statistically significant

difference between any two points on the curves

when tested with a Wilcoxon two sample test. Effect of (+)-propranolol

Effect of (*)-propranolol with phentolamine as Figure 3b shows log dose-response curves to
a-blocker isoprenaline with and without (+)-propranolol
3.4x10°%M present in the bath. Phentolamine
Three concentrations of (%)-propranolol were 53x107"M was used for blocking the
used: 2.0x107%, 2.7x107% and 3.4x107%M. a-adrenoceptors.
The two lowest concentrations had little effect on As for (¥)-propranolol, the curves from the
the log dose-response curves, and complete series circular strips were almost identical. (+)-Pro-
with these concentrations were therefore not pranolol shifted the curve from the longitudinal
carried out. Figure 3a shows log dose-response strips to the right (statistically significant), the
curves to isoprenaline with and without (%)-pro- median ratio between the EDso with and without
pranolol 3.4 x 10°°M present in the bath. (+)-propranolol being 8.0 (Table 2).
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Effect of practolol

Practolol in the concentrations 3.8 x 1079,
3.8x1075 and 3.8 x10™*M was used. Phento-
lamine 5.3 x 1077M was used for blocking the
a-adrenoceptors. Tables 1 and 2 show that
practolol did not move the curves significantly to
the right, and larger concentrations of practolol
did not give any increase in blocking effect.

Effect of (t)-propranolol with phenoxybenzamine
as a-blocker

The rabbits were pretreated with reserpine. Figure
4 shows log dose-response curves to isoprenaline
with and without ()-propranolol 3.4 x 1075 m.
Phenoxybenzamine 2.9x 10°M was always

present in the organ bath. The curves from the

Table 1
function y = Y * x/(n" + k") (see text).
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circular strips were almost identical, while in the
longitudinal strips propranolol shifted the log
dose-response curve to the right (statistically
significant), the median ratio between the EDsg
with and without (£)-propranolol being 7.0.

Variations in sensitivity with time of the year

In Figure S the log dose-response curves to
isoprenaline from all the control curves from the
experimental series described above are shown,
with reference to the time of the year. For the
sake of clarity only the curves from the circular
strips are shown; the longitudinal strips showed
exactly the same behaviour. In addition to the
results from experiments already described one
curve obtained from results with reserpine-treated
rabbits is shown in Figure 5.

Values of n, ED,, and Y obtained by fitting the experimental log dose-response curves to the logistic

Curves from

Figure Muscle and treatment n ED,, Y
2a Longitudinal, without a-blocker 0.8 3.2x107°
Longitudinal, with phentolamine 08 15x10°°
Circular, without a-blocker 05 1.9x10°°
Circular, with phentolamine 04 25x10°®
2b Longitudinal, without a-blocker 0.7 1.4x10°®
Longitudinal, with phenoxybenzamine 05 1.2x10°%®
Circular, without a-blocker 0.3 6.5x 1077
Circular, with phenoxybenzamine 03 1.3x10°°
3a Longitudinal, control 06 1.4x10°%
Longitudinal, with (z)-propranolol 06 35x10°*
Circular, control 04 28x10"°% 68%
Circular, with (+)-propranolol 0.4 42x10"® 66%
3b Longitudinal, control 08 3.2x10°°
Longitudinal, with (+)-propranolol 08 1.1x10°%
Circular, control 04 46x10°®
Circular, with (+)-propranolol 04 56x10°%
Longitudinal, contro’ 08 15x10°°
Longitudinal, with practolol 3.8 x 10°¢ m 08 22x10°°
Circular, control 04 25x 108
Circular, with practolol 3.8 x 10" M 04 54x10°®
Longitudinal, control 08 2.6x10~°
Longitudinal, with practolol 3.8 x 10°5 M 08 38x10°°
Longitudinal, with practolol 3.8 x 10™* m 0.7 12x10*
Circular control 04 66x10°°
Circular, with practolol 3.8 x 10~5 M 04 9.7x10°®
Circular, with practolol 3.8 x 107 M 03 1.8x1077
4 Longitudinal, control 04 22x10°
Longitudinal, with (t)-propranolol 04 88x10°*
Circular, control 0.3 8.7x1077
Circular, with (+)-propranolol 0.3 1.0x10°®

WhereY is not givén in the table, it was kept constant at 100%.
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Figure 4 Abscissae and ordinates as in Figure 2. Phenoxybenzamine 2.9 x 10~* M was always present in the
organ bath. Controls (e), with (+)-propranolol 3.4 x 107 M (2). Reserpine-treated rabbits. Median results from

10 rabbits.

The muscle strips were most sensitive to
inhibition of the spontaneous activity with
isoprenaline during winter time, less sensitive in
the spring and least sensitive during the summer.
The differences between the curves are statistically

significant (a=0.05 for the difference between
the curves December-February 1972-73/
February-May 1973, «<0.0001 for the
difference between the curves February-May
1973 /March-June 1971).

Table 2 Median ratio of equiactive concentrations (X) of isoprenaline in presence and absence of a

X  90% confidence Number of

B-antagonist.
Muscle B-antagonist a-antagonist
™M) M) limits

Circular (+)-propranolol phentolamine

3.4-10°¢ 5.3-1077 1.0 0.1-1.3
Circular (+)-propranolol phenoxybenzamine

3.4-10°¢ 2.9-10°° 1.1 0.8-3.0
Circular (+)-propranolol phentolamine

3.4-10°¢ 5.3:1077 0.7 0.3-3.3
Longitudinal (+)-propranolol  phentolamine

3.4-10°° 5.3-1077 24 1.448
Longitudinal (+)-propranolol  phenoxybenzamine

3.4-10°¢ 2.9-10°% 7.0 3.3-10.1
Longitudinal (+)-propranolol  phentolamine

3.4-10°¢ 5.3-1077 8.0 2.7-11.2
Circular practolol phentolamine

3.8-10°¢ 5.3-1077 1.2 0.6-7.0
Circular practolol phentolamine

3.8-10°% 5.3-10°7 1.7 0.1-2.8
Circular practolol phentolamine

3.8-10°* 5.3:1077 21 0.5-8.1
Longitudinal practolol phentolamine

3.8-10°¢ 5.3:10°7 3.4 2.5-4.0
Longitudinal practolol phentolamine

3.8-10°° 5.3-10°7 21 0.4-5.6
Longitudinal practolol phentolamine

3.8-10* 5.3-1077 0.8 0.3-1.2

animals

10
10

10

11
10

10

12
10
10

12
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Figure 5 Variations in sensitivity with time of the
year. Log dose-response curve to isoprenaline in

" circular muscle strips from rabbit uterus. December-
February 1972-73 (o), February-May 1973 (m),
January-March 1972 (rabbits were reserpine-treated)
(2), March-June 1971 (a), May-August, 1973 (reser-
pine-treated) (e). Phentolamine 5.3 x 10™” M was
present in the bath, except for (e), where phenoxy-
benzamine 2.9 x 10™° M was used.

Discussion

This investigation has confirmed the difference
between the circular and longitudinal muscle strips
from the rabbit uterus in the reaction to
stimulation of the fB-adrenoceptors; even though
the sensitivity of the strips varied with the time of
the year, the longitudinal strips were always more
sensitive than the circular ones (Nesheim, 1972).
In addition, it has been shown that phento-
lamine, but not phenoxybenzamine, reduces the
sensitivity of muscle strips from the rabbit uterus
to inhibition with isoprenaline. Phentolamine has
been shown to have stimulating properties on
muscle strips from rat uterus (Levy & Tozzi,
1963). It has never been shown to have any
B-blocking activities. It is therefore reasonable to
assume that the reduction in sensitivity to
B-adrenoceptor stimulation by phentolamine seen
in the experiments reported here was due to an
unspecific stimulation of the muscle strips,
although the spontaneous activity seemed to be of
the same magnitude regardless of whether
phentolamine was added to the bath or not.
Depending on the Kg (or pA,) obtained with
the different f-adrenoceptor antagonists in
different tissues and on the relative potencies of
agonists, there is evidence for multiple subgroups
of (-adrenoceptors (for review and references, see
Furchgott, 1972). The curves from the circular

uterine muscle strips are not shifted at all with
propranolol 3.4 x 10°M, and the shift that is
obtained in the longitudinal strips is mimicked by
the same concentration of (+)-propranolol. Both
(*)- and (+)-propranolol are membrane stabilizers
(Langslet, 1970). (+)-Propranolol has little, if any,
B-blocking effects (Howe & Shanks, 1966). It
therefore seems reasonable to assume that the shift
in the log dose-response curve from the longi-
tudinal strips was due to this unspecific membrane
stabilizing effect of propranolol. It must be
concluded that propranolol under these experi-
mental conditions has no measurable $-blocking
effect on the rabbit uterus. This fact places the
B-adrenoceptors in the rabbit uterus in a group
entirely different from those reported from other
smooth muscle.

Practolol has less membrane stabilizing activity
than  propranolol  (Hellenbrecht, Lemmer,
Wiethold & Grobecker, 1973). It was therefore
assumed that although practolol is a relatively
selective cardiac (-adrenoceptor antagonist, its
concentration might be high enough to confirm
whether any f-blocking activity might be achieved
at all in the rabbit uterus under these experimental
conditions. The log dose-response curves were not
moved significantly to the right even with these
high concentrations of practolol, and larger
concentrations of practolol did not have any
greater effect than lower concentrations. Thus, no
B-blocking ability of practolol could be demon-
strated in this preparation.

There is some evidence for an active extra-
neuronal uptake mechanism for isoprenaline in
guinea-pig trachea (Foster, 1967, 1969), this
uptake mechanism being inhibited by phenoxy-
benzamine. Furchgott (1972) has proposed that
B-adrenoceptor agonists and antagonists might
compete for such uptake mechanisms; in this way
an erroneously high Kg would be produced. When
phenoxybenzamine was used as a combined
a-blocker and blocker of eventual uptake
mechanisms in these experiments, the log dose-
response curve to isoprenaline did not differ from
the control curve without phenoxybenzamine, and
the f-blocking effect of propranolol was no greater
than when phentolamine was used for blocking the
a-receptors. Thus no evidence has been produced
for any uptake mechanisms for isoprenaline in the
rabbit uterus.

The question may be raised whether the
relaxation caused by isoprenaline in the spon-
taneously contracting rabbit uterus may be called
a f-effect at all. The answer depends on how a
B-effect is defined: if the definition includes the
statement that the effect can be blocked by
known f-adrenoceptor antagonists, the relaxation
caused by isoprenaline in this preparation cannot
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be termed a f-effect. In all instances where an
effect has been thought to be mediated through
B-adrenoceptors, the effect has been paralleled by
a rise in cyclic adenosine 3',5"-monophosphate.
This is also the case in this preparation (Nesheim,
Osnes & Qye, 1975). In this respect, the relaxation
of the rabbit myometrium caused by isoprenaline
is similar to $-effects in all other tissues.
Propranolol is a potent, nonselective -adreno-
ceptor antagonist (Bristow, Sherrod & Green,
1970; Wasserman & Levy, 1972). It has been
shown to antagonize the effects of isoprenaline in
isolated uterus from the rat (Diamond & Brody,
1966; Wasserman & Levy, 1972), the mouse
(Magaribuchi & Osa, 1971), and in man both in
the pregnant and non-pregnant state (Stander &
Barden, 1966; Sullivan & Marshall, 1970;
Andersson, Ingemarsson & Persson, 1973; Lossius
& Nesheim, unpublished results). The lack of
B-blocking activity in the rabbit uterus described
here, was therefore most surprising. Willems & de
Schaepdryver (1966) reported an inhibition of the
response of the oestradiol dominated rabbit uterus
to isoprenaline by propranolol in vivo. They
recorded the response from the longitudinal
muscles only. In their experiments propranolol
completely blocked the blood pressure response to
isoprenaline, while the response from the uterus
was diminished (not quantitated in the paper). It
might well be that this diminished response was
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