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UTERINE RECEPTORS
FOR OXYTOCIN: CORRELATION BETWEEN
ANTAGONIST POTENCY AND RECEPTOR BINDING

M.S. SOLOFF
Department of Biochemistry, Medical College of Ohio, Toledo, Ohio 43614, U.S.A.

I The apparent dissociation constants (Kd) of four competitive antagonists of oxytocin were
estimated from their ability to compete with [3H]-oxytocin for binding sites in particulate fractions
from rat uterine homogenates.
2 These apparent Kd values were not significantly different from the Kd values calculated from the
published potency of each compound as an antagonist of oxytocin-induced uterine contractions.
3 These results support the conclusion that the binding sites for oxytocin are part of the receptor
complex. Furthermore, 'spare receptors' for oxytocin do not appear to be present in significant
quantities, and the relative potency of each antagonist appears to depend upon its affinity for the
receptor site rather than its intrinsic activity.
4 The antagonists used in these studies were [N-acetyl, 2-O-methyltyrosineloxytocin, [1-(/3-
mercapto-P,O-diethylpropionic acid)]oxytocin, [1-(-mercapto-fB,,8-pentamethylenepropionic acid)]-
oxytocin, and [1-deaminopenicillamine), 4-threonineloxytocin.

Introduction

Oxytocin-stimulated uterine contractions can be
inhibited competitively by several synthetic analogues
of oxytocin. These antagonists are either partial
agonists, eliciting uterine contractions below the
maximum response produced by oxytocin, or devoid
of oxytocic activity. It seems apparent that the
antagonists compete with oxytocin for uterine receptor
sites. Antagonist activity has been explained by a low
intrinsic activity (Ariens, van Rossum & Simonis,
1956) or efficacy (Stephenson, 1956), or by a slow
rate of dissociation of the partial agonist from the
receptor site (Paton, 1961).

In view of the demonstration of specific binding
sites for [3H]-oxytocin in the uterus of several species
(Soloff, Swartz, Morrison & Saffran, 1973; Soloff &
Swartz, 1974; Soloff, Swartz & Steinberg, 1974;
Soloff, 1975a) it is possible to estimate the binding
affinities of the oxytocin antagonists directly and to
correlate the values with antagonist activity. Four of
the most potent oxytocin antagonists have been
examined in the present studies.

Methods

Binding assay

Uteri were removed from rats (CFE, Carworth,
175-200 g) which were injected subcutaneously with
26

5 tg of diethylstilbestrol dipropionate in 0.2 ml cotton-
seed oil on each of the two days before they were
killed. The particulate fraction sedimenting between
1,000g for 10min and 165,000g for 30min was
prepared and assayed for PHI-oxytocin binding
activity (Soloff, 1975a).

Peptides

[Tyrosyl-3H]-oxytocin, 31 Ci per mmol (Morgat,
Hung, Cardinaud, Fromageot, Bockaert, Imbert &
Morel, 1970) was synthesized by Schwarz-Mann and
was reported to have full biological activity (452 iu per
mg) in the rat isolated uterus assay (Sturmer, 1968;
Fitzpatrick & Bently, 1968). More than 90% of the
radioactivity migrated with authentic oxytocin upon
thin layer chromatography (Soloff & Swartz, 1973).

Synthetic oxytocin (Syntocinon) was a gift from
Sandoz, Ltd., Basel. [N-acetyl, 2-0-
methyltyrosine]oxytocin was a gift from Drs K. Jost
and J.H. Cort, Institute of Organic Chemistry and
Biochemistry, Czechoslovak Academy of Science,
Prague. [1-(B-Mercapto-/,f-diethylpropionic acid)]-
oxytocin and [1-(f-mercapto-fi,fi-pentamethylene-
propionic acid)Ioxytocin were gifts from Dr V. du
Vigneaud, Department of Chemistry, Cornell
University. [ 1-(Deaminopenicillamine), 4-
threonineloxytocin was a gift from Dr M. Manning of
this Department. [3-Prolineloxytocin was a gift from
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Dr R. Walter, Department of Physiology, University
of Illinois Medical Center. Kallidin (lysyl-bradykinin)
was purchased from Schwarz-Mann.
The structure of oxytocin and the antagonists [N-

acetyl-2-0-methyl-tyrosine]oxytocin, [1-(8-mercapto-
f6,f6-diethylpropionic acid)Ioxytocin, [1-(-mercapto-
6,,, pentamethylenepropionic acid)]oxytocin and [1-
(deaminopenicillamine), 4-threonineloxytocin are
shown in Figure 1.

Results

The amount of [3H]-oxytocin bound to uterine
particles was reduced in proportion to the log con-
centration of increasing amounts of nonradioactive

1- (B-Mercapto-13, B-diehyipropionic acid)]
oxytocin:
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1
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Figure 1 Structure of oxytocin and antagonists,
with numbers indicating the position of the individual
amino acid residues.

oxytocin and the oxytocin antagonists (Figure 2). The
regressions were parallel, indicating a common set of
binding sites for the peptid,es. Kallidin, a potent
uterotonic peptide which is structurally unrelated to
oxytocin (Stewart, 1972), did not compete with [3H]-
oxytocin for binding sites at a molar ratio of greater
than 1200 (Figure 2). [3-ProlineJoxytocin, a virtually
inert analogue of oxytocin (Roy, Havran, Schwartz &
Walter, 1975), also did ndt compete for oxytocin
binding sites in the dose range studied (Figure 2).
The regressions were analyzed as parallel line

assays according to Finney (1964). The relative
inhibitory potencies and 95% confidence limits of the
antagonists, determined in 2 separate experiments for
each, are shown in Table 1. Assuming that the
analogues act by competition with oxytocin at a
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Figure 2 The binding of oxytoci
antagonists to uterine particles. Eacl
about 1 mg of particulate protein,
[3H]-oxytocin (about 1 75 pg), and inc
of nonradioactive peptide in 250
(50 mM, pH 7.6, containing 5 mM
gelatin). Incubation was carried out
and terminated by centrifugation
48,000 g for 30 minutes. The pellet
to yield 3H20. Each point is the me
Oxytocin (@); [1-(deaminopeni
threonineloxytocin, (0); [1-(P-mer
methylenepropionic acidloxytocii
mercapto-f,fi-diethylpropionic acidic
acetyl, 2-0-methyltyrosine]oxyt
proline]oxytocin, (0); kallidin (O).

common binding site, the relative ir
for each compound provides a meas
binding affinity. The relative inhib

each compound with respect to oxytocin was
calculated from the results shown in Figure 2.
The apparent Kd for oxytocin binding, estimated

from the linear segment of Scatchard (1949) plots was
1.6 + 0.04 (s.e. mean) nM in 5 separate experiments
(see Figure 3 for a representative plot). This value is
comparable to the apparent Kd of 1.8 nM which was
found in previous studies (Soloff& Swartz, 1974). The
apparent Kd values calculated for each antagonist are
given in Table 1.
The published activity of each antagonist (Table 1)

is expressed as pA2, the negative log of the molar con-
centration of antagonist which reduces the effect of a

a0-A IIIIII double dose of oxytocin to that of a single dose
100 1000 (Schild, 1947). The pA2 value is equal to the negative
M) log of the Kd for the antagonist-receptor interaction,

assuming that one antagonist molecule binds to one
in and oxytocin receptor molecule (Ariens & van Rossum, 1957). In
h tube contained all cases, the 95% confidence limits for the apparent
12,000 d/min of Kd of each antagonist overlapped the Kd estimated
:reasing amounts from pA2 (Table 1).
gl of Tris buffer
MgCI2 and 0.1%
for 1 h at 220C
of the tubes at Discussion
was combusted

3an of triplicates. Studies on oxytocin binding sites in the reproductive
icillamine), 4- tract have been carried out on broken cell
rcapto-f,f-penta- preparations (Soloff & Swartz, 1974; Soloff, et al.,
n, (A); [1 -(p- 1974; Soloff, 1975a; Soloff, 1975b) in which there are
)xytocin, (A); [N- no known biochemical correlates of oxytocin-receptor
tocin, (V); [3- interaction. A causal relationship between the binding

of oxytocin and the initiation of the contractile
response is implicit, however, because several agonists

nhibitory potency have been shown to bind to uterine particles in
iure of its relative approximate proportion to their uterotonic activities
itory potency of (Soloff & Swartz, 1974). The present studies show

Table 1 Comparison of the Kd values derived from antagonist activity and binding assay

Bioassay

Antagonist

Relative
inhibitory

PA2 K d(108M) potency (%o)

[N-acetyl, 2-O-methyltyrosine]
oxytocin

[1 -(3-Mercapto-P,,-diethylpropionic
acid)]oxytocin

[1 -(P-Mercapto-5,i-pentamethylene-
propionic acid)]oxytocin

[1-(Deaminopenicillamine), 4-
threonineloxytocin

7.03t

7.24t

7.43§

9.33

5.75

3.71

-7.711

1.6 (1.3-2.0)+
1.5 (1.3-1.8)

2.5 (1.5-3.7)
2.5 (1.8-3.3)
4.2 (3.6-5.3)
3.4 (2.6-4.5)
6.1 (4.2-8.2)
5.9 (4.7_ 7.1)

10 (12 -8.0)+
11 (12 -8.9)

6.4(11 _4.3)
6.4 ( 8.9-4.8)

3.8 ( 4.4-3.0)
4.7 ( 6.2-3.6)
2.6 ( 3.8-2.0)
2.7 ( 3.4-2.2)

* Kd oxytocin = 1.6 + 0.04 nM. +95% confidence limits.
t Krejci, Kupkova, Barth & Jost (1973); tVavrek, Ferger, Allen, Rich, Blomquist & Du Vigneaud (1972);
§ Nestor, Ferger & Du Vigneaud (1975); 11 Manning, Lowbridge & Sawyer (1975).

Binding assay

Kd(1 0-SM)*

I a i
4

61

1
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Figure 3 Scatchard analysis of oxytocin binding to
uterine particles.

that the binding of the oxytocin antagonists as well
was proportional to their potency as inhibitors of
oxytocin-induced contractions by the isolated uterus.
[3-Prolineloxytocin, a relatively inert analogue of
oxytocin (Roy et al., 1975) and kallidin, a potent
uterotonic peptide (Stewart, 1972), but structurally
unrelated to oxytocin, did not have any demonstrable
affinity for oxytocin binding sites. These results,
therefore, clearly indicate that the binding sites are
components of the oxytocin receptor. The assumption
that the same number of sites is available to oxytocin
and the antagonists appears to be valid.

In addition to being an oxytocin antagonist, [N-
acetyl, 2-0-methyl-tyrosine]oxytocin is a partial
agonist (Krejci, Kupkova, Barth & Jost, 1973). The
diethyl- and pentamethylene-propionic acid
antagonists, however, appear to be devoid of oxytocic
activity (Vavrek, Ferger, Allen, Rich, Blomquist & Du
Vigneaud, 1972; Nestor, Ferger & Du Vigneaud,
1975). Partial agonists/competitive antagonists are
postulated to be capable of full receptor occupancy,
but they either dissociate very slowly from the
receptor (Paton, 1961) or they lack some of the
structural characteristics necessary for the initiation of
the stimulus (Ariens et al., 1956; Stephenson, 1956).
In the present studies the affinity of oxytocin receptors

for the analogues has been estimated directly. The
concurrence of the binding and antagonistic activities
of the analogues demonstrates that the potency of
each antagonist was a function of its affinity for the
receptor site rather than its intrinsic activity.
A number of target cells appear to possess 'spare

receptors' for drugs. For example, the guinea-pig
ileum can be induced to contract maximally by drugs
presumably when only a small proportion of the
receptor sites are occupied (Stephenson, 1956;
Nickerson, 1956; Ariens, van Rossum & Koopman,
1960). Similar results were obtained with vascular
smooth muscle (Furchgott, 1964). The concept of
'spare receptors' has received additional support from
experiments in which the concentration of hormone
giving a half-maximal response was found to be sub-
stantially less than the concentration of radioactive
hormone binding to half of the receptor sites, the
apparent Kd. Thus, 1251-labelled insulin stimulated
half-maximal lipogenesis from glucose in fat cells
when about 2% of the receptors were occupied
(Gammeltoft & Gliemann, 1973). Comparable results
were found with human chorionic gonadotropin-
stimulated production of cyclic adenosine 3,5'-
monophosphate (AMP) and testosterone by rat testes
(Catt & Dufau, 1973), glucagon-stimulated adenylate
cyclase activity in rat liver plasma membranes
(Birnbaumer & Pohl, 1973), glucagon-stimulated
adenylate cyclase in a solubilized preparation from cat
heart (Levey, Fletcher, Klein, Ruiz & Schenk, 1974),
and ACTH-stimulated cyclic AMP production in
adrenal cortical extracts (Lefkowitz, Roth, Pricer &
Pastan, 1970). In contrast to these results, the present
experiments indicate that there were no detectable
spare receptors for the oxytocin antagonists because
the apparent Kd of each antagonist estimated by the
inhibition of oxytocin-induced uterine contractions
was indistinguishable from the apparent Kd estimated
by the ability to compete with [3H1-oxytocin for
uterine binding sites. Similar findings were reported for
the binding of opiates to receptor sites in the guinea-
pig intestine (Creese & Snyder, 1975).

This research was supported by Grant HD 8406 from the
National Institutes of Health. I thank Martha Morrison for
technical assistance, Drs J.H. Cort, V. du Vigneaud, K. Jost,
M. Manning, J.J. Nestor, Jr., R. Walter and Sandoz, Ltd. for
the oxytocin and analogues, Ramesh Parekh for the
statistical analysis, Drs J. Lowbridge and J. Levin for
reviewing the manuscript and Cindy Stanley for the
typescript.
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