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Background. Compounds that block uterine oxytocin and vasopressin Vi, receptors have
a therapeutic potential in preterm labor and primary dysmenorrhoea. The orally active
vasopressin V, receptor antagonist, SR49059, inhibits the effect of vasopressin on human
uterine activity in vivo, but the influence on the response to oxytocin is unknown.
Methods. In a placebo-controlled, double-blind, parallel-group, four-dose comparison,
the inhibitory effect of SR 49059 on oxytocin- and vasopressin-induced uterine contrac-
tions in humans was investigated. Sixteen healthy female subjects, who had previously
undergone sterilization with tubal ligation, participated in intrauterine pressure recordings
at one of the first 3 days of bleeding of two menstrual cycles. Intravenous bolus injections
of 10 pmol/kg body weight of vasopressin (Period 1) and of 50 pmol/kg body weight of
oxytocin (Period 2) were given 1 h before and 1, 2 and 4 h after oral administration of 0
(placebo), 25, 75 or 200 mg of SR 49059. The area between the recording curve and zero
level of intrauterine pressure (AUC) was calculated. Vital signs as well as urine and plasma
safety parameters were measured. The plasma concentrations of oxytocin, vasopressin and
the study drug were also estimated.

Results. The plasma concentrations of SR 49059 appeared to be dose related, with mean
maximal values of 62.0, 163.7 and 468.0 ng/ml in the 25, 75 and 200 mg dose groups,
respectively, in Period 1 with vasopressin and 34.4, 116.7 and 418.0 ng/mL, respectively, in
Period 2 with oxytocin. T ,,, was observed at about 1 h. The cumulative AUC over 50 min
after vasopressin injection per se was significantly higher than that after oxytocin in spite
of a five times lower dose and lower plasma concentrations. Pretreatment by SR 49059
caused a dose-related reduction in AUCs for vasopressin, whereas no such effect was seen
for oxytocin. With vasopressin as an agonist, a lower diastolic blood pressure was
observed in all SR 49059 treatment groups, but not with oxytocin.

Conclusions. The much higher potency of vasopressin compared with oxytocin on uterine
activity in non-pregnant women at menstruation was confirmed. SR 49059 dose-depen-
dently inhibits vasopressin-induced contractions, whereas such an effect was not seen with
the present doses of SR 49059 and oxytocin. A marked reduction by SR 49059 of diastolic
blood pressure after vasopressin injection was observed, indicating an inhibition by this
compound of vascular vasopressin receptors.
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The initiation of uterine contractions in pregnant
women, both preterm and at term pregnancy,
may involve oxytocin, which is circulating (1)
and/or locally released in the uterus (2,3). An
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upregulation of uterine oxytocin receptors, on
which this hormone has its predominant
action, may also be a mechanism of importance
for the onset of labor contractions (4,5). The



oxytocin-related, posterior pituitary hormone
vasopressin has a powerful effect on the uterus
via vasopressin V, receptors (6,7). This hormone
possibly also contributes to the induction of
labor, as it is released during stressful situations
such as labor (8), and the vasopressin V;, recep-
tors are upregulated at the onset of labor contrac-
tions (4,5). Oxytocin also binds to the vasopressin
Vi, receptor to some extent, as does vasopressin
to the uterine oxytocin receptor of pregnant
women (7,9).

In women with primary dysmenorrhoea, myo-
metrial hyperactivity and reduced uterine blood
flow have been demonstrated to be related to the
pain (10). Increased vasopressin secretion is
apparently an important pathophysiological fac-
tor for these changes (11-13).

Compounds that block the oxytocin and the
vasopressin Vi, receptors of the uterus are of
potential therapeutic interest for inhibiting the
uterine hyperactivity of preterm labor (14,15)
and primary dysmenorrhoea (16,17). Animal
experiments are of little value for the prediction
of such effects with these compounds in the
human in relation to these two conditions (18).
Furthermore, results from experiments with isol-
ated human myometrium only give limited guid-
ance (18). However, in the development of the
peptide oxytocin and vasopressin Vi, antagonist,
I-deamino-2-D-Tyr-(OEt)-4-Thr-8-Orn-oxytocin,
which was recently approved in Europe for
the inhibition of preterm labor contractions
(14,15), results in non-pregnant volunteers in vivo
gave important leads for the further clinical
development of the drug in this condition (19,20).
Studies with oxytocin and vasopressin Vi,
antagonists in vivo in the human may also assist
in the delineation of the effects of oxytocin
and vasopressin per se on uterine contractions
(9,21,22). In the present investigation, we examined
the effect of SR49059, a preferential vasopressin
V.-receptor antagonist compared with its effect
on oxytocin (7), on oxytocin- and vasopressin-
induced uterine contractions in healthy, sterilized,
non-pregnant women.

Materials and methods
Material

Sixteen healthy women, permanently sterilized by
tubal division during laparoscopy, participated in
this study. Their mean age was 40.4 years (range
3344 years), and they had a body mass 1ndex
with a mean of 24.6 kg/m? (range 21-30 kg/m?).
The women menstruated regularly, had no men-
strual pain and also had no history of gynecologic
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health problems. The Ethics committee of the
University of Lund, Sweden approved the study
protocol. The nature and purpose of the investi-
gation was described to each woman verbally and
in writing, and they all gave their written consent
to participation. Before inclusion, all subjects
were found medically healthy at a screening visit
with general and gynecologic examinations, meas-
urements of plasma and urine safety parameters,
and serology for hepatitis-B and human immuno-
deficiency virus 1 and 2 antibodies.

Recordings of myometrial contractility were
obtained on days 1, 2 or 3 of two usually con-
secutive menstruations and usually on the corre-
sponding cycle days in each woman. Before each
recording, an electrocardiogram was obtained.
Blood pressure and pulse rate were noted repeat-
edly during the experiment and any adverse
events recorded. At a follow-up visit, 7days
after the second recording, electrocardiogram,
vital signs and adverse events were again
recorded and routine safety plasma and urine
parameters obtained.

Myometrial contractile activity was measured
by recording intrauterine pressure via a micro-
transducer catheter as previously described (22).
The intrauterine pressure signals were analyzed
using a computer (Polygraaf and Software from
Synetics AB, Stockholm, Sweden). The area
between the pressure curve and zero level of pres-
sure over 10-min periods was calculated. Before
each recording, an indwelling venous catheter
was also inserted in each arm, one for injections
and one for blood sampling.

In a randomized order with four subjects in
each group, SR 49059 was given in a single, oral
dose of 0 (placebo), 25, 75 or 200mg. Each
subject received the same treatment during both
recording sessions. The drug was administered in
soft gelatine capsules containing 25 mg each. At
the first recording session, each woman received
intravenous bolus injections over 1min of
arginine vasopressin (Pltressm¥ , Parke Dauvis,
Berlin, Germany) at a dose of 10 pmol/kg body
weight At the second session, the subject received
intravenous bolus injections over 1 min of oxyto-
cin (Syntocinon®™, Sandoz, Basel, Switzerland) at
a dose of 50 pmol/kg body Welght The agonist
was injected four times at each recording, 1h
before administration of the study drug (T-1h)
and 1 (T1h), 2 (T2h) and 4 (T4h) hours there-
after.

During the experiments, blood samples for the
estimation of plasma concentrations of oxytocin
and vasopressin were taken 5min before and
after the first (T-1h) and the second (T1 h) injec-
tion of the agonists. The samples were taken in
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chilled tubes, immediately centrifuged for 10 min
at 4°C and at 2000 g, the plasma was then stored
deep-frozen at —20°C until assay (kindly per-
formed by Dr D. G. Bichet, Department of Clin-
ical Chemistry, Hopital de Sacre Coeur, Montreal,
Canada).

The plasma concentrations of SR 49059 were
measured in samples obtained before and at 0.5,
1, 1.5, 2, 3, 4 and 5h after intake of the study
drug. SR 49059 was determined using a validated
liquid chromatography-tandem mass spectrom-
etry (LC-MS/MS) method under the responsibility
of the Clinical Metabolism and Pharmacokinetics
Department of Sanofi-Synthelabo Pharmaceut-
icals Inc. Malvern, Pennsylvania, USA. The limit
of quantification (LOQ) was 0.5 ng/ml.

At each recording session, the plasma and
urine parameters as during the screening visit,
except serology, were measured. Electrocardio-
grams were obtained 1 h before the first injection
of arginine vasopressin and after each experi-
ment. Blood pressure recordings were obtained
at 60-min intervals throughout the experiments,
the pressure being measured immediately before
each agonist injection.

The purpose of this study was to determine
potency of the compound against two challenge
criteria (AVP-induced uterine contractions and
OT-induced uterine contractions) using dose-
dependent parameters such as inhibition concen-
tration and/or inhibition dose. Therefore, the
number of volunteers recruited was not essen-
tially based on any formal power calculation.
The area under the recording curve (AUC) of
intrauterine pressure was calculated for 10-min
periods from 0 to 50 min after each agonist injec-
tion. The 10 min before the next bolus was taken
as baseline for the subsequent agonist challenge.
Results were analyzed using an ANovA test follow-
ing the model: treatment sequence -+ period +
treatment, sequence x period + subject repre-
senting the effect of treatment. Differences
between the two treatments were assessed using
a Fischer—Snedecor test. The statistical package
used for analysis was SAS version 6.9 (SAS
Institute Inc., Cary, North Carolina, USA). A
two-sided z-test of statistical significance was
applied at the 5% level.

Results

Sixteen subjects participated in the first recording
and 11 in the second. One subject discontinued
because of an adverse event (on placebo) and
four, one in each treatment group, because the
study was stopped as requested by the Sponsor
for a potential safety reason.

© Acta Obstet Gynecol Scand 83 (2004)

The plasma levels of oxytocin and vasopressin
before and after the first and second injections
with the different concentrations of SR 49059 and
placebo are shown in Tablel. The differences
between dose groups were small, although oxyto-
cin at a fivefold higher dose caused a larger
increase in plasma levels than the corresponding
vasopressin injections. The maximum plasma
concentration of the study drug appeared to be
dose related, with mean maximal values (SD)
62.0 (46.8), 163.7 (107.9) and 468.0 (116.6) ng/
ml in the 25, 75 and 200 mg dose groups, respec-
tively, in the Period 1 with vasopressin and 34.4
(23.9), 116.7 (140.8) and 418.0 (320.0) ng/ml,
respectively, in the Period 2 with oxytocin. Tp,.x
was observed at approximately 1 h.

Tablel. Vasopressin (AVP) and oxytocin (OT) concentrations (pmol/l) before
and after injections in the different treatment groups

Mean
Dose Challenge Sample concentrations
Placebo AVP T-1h test no. 1 AVP—5min  0.79

OT —5min 1.45
AVP +5min  45.59
AVP —5min  0.61
AVP +5min  56.11
AVP —5min  1.71
OT —5min 0.50
OT+5min  67.59
0T —5min 2.30
OT+5min  62.15

AVP T+ 1h-test no. 2

OT T-1h test no. 1

OT T+ 1h test no. 2

SR49059 25mg  AVP T-1h test no. 1 AVP—-5min  1.26
OT —5min 1.11

AVP+5min  51.64

AVP T+ 1htestno.2 AVP—5min 0.5

AVP+5min 4297

OT T-1h test no. 1 AVP—-5min  1.35

OT —5min 0.55

OT+5min 8243

OTT+1htestno.2  OT—5min 2.39

OT+5min  93.72

SR49059 75mg  AVP T-1h test no. 1 AVP—5min 112
0T —5min 1.81

AVP +5min  61.72

AVP T+ 1htestno.2 AVP—5min  0.71

AVP+5min 58.26

OT T-1h test no. 1 AVP—5min  1.64

OT —5min 1.57

0T+5min  66.88

OTT+1htestno.2 OT—5min 1232

OT+5min  85.97

SR49059200mg  AVP T-1h test no. 1 AVP—-5min  0.57

0T —5min 1.35
AVP+5min  48.95
AVP—-5min  1.30
AVP +5min  60.25
AVP—5min  1.32
OT —5min 0.50
OT+5min  80.35
0T —5min 2.09
OT+5min 7148

AVP T+ 1h test no. 2

OT T-1h test no. 1

OT T+ 1h test no. 2




A representative recording of the effect of oxy-
tocin and vasopressin injections in a subject
receiving 25mg of SR 49059 and of vasopressin
in a subject who received placebo is shown in
Fig. 1. The results in AUCs of each 10-min period
up to 50 min after injection of both agonists and
with all study drug doses are shown in Fig.2.
Finally, a summary of the difference in baseline
corrected cumulative AUCs (0-50min) for each
dose of SR49059 versus placebo by challenge is
shown in TableIl. There was a statistical differ-
ence between challenges, cumulative AUCs being

T Ral2) . Bac3)

Fig. 1. Representative recording of the effect of oxytocin (a)
and vasopressin (b) injections in a subject receiving 25 mg of SR
49059 and of vasopressin in another subject receiving placebo (c).
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higher with vasopressin than with oxytocin
(»=0.001), in spite of a fivefold higher intraven-
ous dose of oxytocin (Figs1 and 2). Difference
estimates in baseline-corrected cumulative AUC
(0-50 min) between challenges for each SR 49059
dose indicated that the cumulative AUCs for
vasopressin were higher on average compared
with oxytocin (TablelIl). SR 49059 caused a
dose-dependent inhibition in cumulative AUCs
for vasopressin, whereas no such effect was
observed for oxytocin (Figs 1 and 2, Table II).

A summary of the difference in baseline-
corrected supine systolic and diastolic blood pres-
sures for each SR 49059 dose versus placebo by
challenge is shown in Table II1. In subjects receiv-
ing vasopressin, diastolic blood pressures were
significantly lower with each of the SR 49059
doses compared with that in the placebo group
(Table I1I).

A total of four subjects experienced adverse
events. These were headaches (six episodes in
two subjects in the 25mg SR group with one of
the two subjects noting hot flushes and chest
pain), nausea (one subject in the Placebo group)
and tachycardia (one subject in the 200mg SR
group). None of the events were considered related
to SR 49059, but to vasopressin- or oxytocin-con-
comitant administration. There were no abnormal-
ities reported in laboratory parameters.

Discussion

As the study was stopped, the information
obtained is somewhat limited. However, the pre-
sent results confirmed the high potency of vaso-
pressin on uterine activity in non-pregnant
women (19-22). In spite of a five times lower
dose than that of oxytocin, the uterine effects
were higher in the vasopressin group. This is
also in agreement with the five times higher myo-
metrial content of vasopressin V, receptors than
of oxytocin receptors in the non-pregnant condi-
tion (21). Furthermore, the vasopressin Vi,
receptor concentration and the uterine potency
of this hormone increase premenstrually (21). In
pregnancy, oxytocin appears to be more impor-
tant as a uterine stimulant and, in fact, is cen-
trally involved in mechanisms of labor (for
review, see 23). It is known, however, that oxyto-
cin may influence not only the oxytocin but also
the vasopressin V, receptor, both in the preg-
nant and in the non-pregnant uterus, and that
vasopressin has an effect on both receptors as
well (5,7,21). The potency of vasopressin on the
pregnant human uterus appears to be slightly
higher than that of oxytocin but the number of
binding sites for oxytocin and vasopressin seems

© Acta Obstet Gynecol Scand 83 (2004)
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Fig.2. Cumulative area under the curve (0-50min) after vasopressin (AVP) and oxytocin (OT) challenges in women during
intrauterine pressure recordings receiving placebo, 25mg, 75mg or 200 mg SR 49059.

Table Il. Summary of the difference in baseline-corrected cumulative AUC (0-50 min) for each SR 49059 dose versus placebo by vasopressin (AVP) and oxytocin
(OT) challenge

Challenge Comparison Difference estimate 95% Cl p-Value

AVP SR 25mg versus placebo 2747.6 (—6060.6, 11555.7) 0.535
SR 75mg versus placebo 901.8 (—8749.7, 10553.3) 0.852
SR 200 mg versus placebo —6829.2 (—15637.3, 1979.0) 0.126

oT SR 25mg versus placebo —5045.2 (—15415.7, 5325.2) 0.334
SR 75mg versus placebo —166.1 (—10571.6, 10239.3) 0.975
SR 200 mg versus placebo —7418.6 (—17789.0, 2951.9) 0.157

Table lll. Summary of the difference in baseline-corrected supine systolic and diastolic blood pressures for each SR 49059 dose versus placebo by vasopressin
(AVP) and oxytocin (OT) challenge

Parameter Challenge Comparison estimate 95% Cl p-Value
SBP AVP SR 25 mg versus Placebo -49 (—14.7, 5.0 0.329
SR 75mg versus Placebo -1.8 (—11.6, 8.0) 0.714
SR 200 mg versus Placebo -1.8 (—11.6, 8.0) 0.718
oT SR 25 mg versus Placebo -05 (—11.6,10.5) 0.926
SR 75mg versus Placebo —6.1 (—17.1,4.9) 0.275
SR 200 mg versus Placebo —43 (—15.4, 6.8) 0.441
DBP AVP SR 25mg versus Placebo —14.0 (—19.8, -8.2) <0.001
SR 75mg versus Placebo —6.6 (—12.4,-0.9) 0.025
SR 200 mg versus Placebo -7.6 (—13.4, —1.8) 0.010
oT SR 25 mg versus Placebo -2.8 (—-9.9,42) 0.430
SR 75mg versus Placebo 2.0 (-5.1,9.0) 0.582
SR 200 mg versus Placebo 3.8 (—3.3,10.9) 0.290
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to be approximately the same (5). There is a ten-
dency for an increase in density of oxytocin and
vasopressin Vy, receptors at the onset of labor
preterm and at term. The importance of both the
oxytocin and the vasopressin Vi, receptor in uter-
ine activation is supported by the studies of gene
expression for these receptors (24).

Although the present study was not completed
as planned, we observed a dose-dependent inhib-
ition by SR 49059 of vasopressin-induced contrac-
tions, whereas no such effect was observed
against oxytocin. This finding is in agreement
with the previously observed sevenfold higher
binding affinity of SR 49059 to vasopressin Vi,
receptors compared with oxytocin receptors (23).
It can be concluded that SR 49059 is a power-
ful vasopressin Vi, receptor inhibitor, whereas the
effect on the oxytocin receptor is weak or inexist-
ent.

Diastolic supine blood pressure was signifi-
cantly lower after pretreatment with SR 49059.
This finding emphasizes the particular import-
ance of vascular effects of vasopressin. Some
indications in fact exist that there are slight dif-
ferences in the myometrial and vascular vasopres-
sin V, receptors (25) and SR 49059 appears to be
more effective on the latter ones. Such an effect
may be of particular interest in conditions with
disturbed uterine circulation, i.e. primary dysmen-
orrhoea.
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