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The Effect of Oxytocin Receptor Blockade on Parturition in Guinea Pigs
Jean-Claude Schellenberg
Research Center for Reproductive Medicine, Department of Obstetrics and Gynecology, University of Auckland, Auckland, New Zealand

Abstract

The mechanism of the onset of labor is unknown in humans
and guinea pigs. Contrary to most other species, progester-
one withdrawal appears not to precede the onset of labor.
To elucidate the role of oxytocin in the onset and mainte-
nance of labor, guinea pigs were fitted with vascular cathe-
ters, an intraabdominal pressure catheter and an array of
uterine electromyogram electrodes. An oxytocin antagonist
(des-Gly9-[D-Trp2,Thr',Orn8]dC'-oxytocin, 20 ,ug/kg per

h, n = 11) or saline solution (n = 12) was infused starting
on day 66 of gestation (term is 69 d). Oxytocin receptor
blockade resulted in decreased uterine activity and a pro-
longed expulsive phase (second stage) of labor. Fetal deliv-
ery was delayed and fetal mortality was increased. The onset
of the expulsive phase of labor was delayed but maximum
uterine activity occurred in time together with a timely
change in uterine electromyogram activity from a prepar-

tumr to a postpartum pattern following an unaltered pro-

gressive increase in baseline uterine activity. This indicates
that oxytocin is requisite for the normal progress of the first
and second stage of labor, but has no involvement in the
mechanism of the onset and the timing of labor. (J. Clin.
Invest. 1995. 95:13-19.) Key Words: labor onset * labor
stage, first * labor stage, second * prostaglandins F * proges-

terone

Introduction

Progesterone withdrawal is an obligatory event for the initiation
of labor in most species ( 1, 2). Humans, guinea pigs, and most
monkeys studied represent an apparent exception to this rule;
maternal plasma concentrations of progesterone do not fall be-
fore the onset of labor and attempts to demonstrate a prepartum
progesterone withdrawal of any sort have so far failed (1-
4). In sheep, the species most extensively studied in regard to
parturition, a causal relationship exists between rising concen-

trations of fetal plasma cortisol, induction of placental 17a-
hydroxylase, increased production of estrogens and decreased
production of progesterone by the placenta, increased estrogen/
progesterone ratio in maternal plasma, uterine PG synthesis,
and labor (3, 4). In humans, guinea pigs, rhesus monkeys, and
baboons, placental 17a-hydroxylase is absent and the chain of
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events leading to the onset of labor remains unidentified ( 1, 2,
4, 5).

Oxytocin has long been held to play an essential part in
human parturition, but its physiological role remains controver-
sial (1, 2). Oxytocin is one of the most potent stimulators
of uterine contractions in vitro (6) and in vivo (7). As term
approaches, labor can be induced with diminishing doses of
oxytocin in all species studied including humans and guinea
pigs (1, 8, 9). Several studies have suggested that oxytocin
concentrations in human plasma remain unchanged during the
first stage of labor and increase inconsistently during the second
stage of labor (expulsive phase) (9-11 ). A recent study using
frequent sampling strongly suggests that oxytocin is secreted in
irregular short pulses which are more frequent and of longer
duration in early labor than before labor, and increase further
in length and frequency during the second and third stage of
labor (7). As the observed plasma concentrations were similar
to concentrations required to elicit uterine contractions by ad-
ministration of exogenous oxytocin, a physiological role of the
observed oxytocin pulses was proposed (7). In a study on five
guinea pigs, oxytocin was undetectable in maternal plasma dur-
ing the first stage of labor (< 4 pmol/liter, total of four samples
taken from three guinea pigs) but was present in nanomolar
concentrations during the second stage in all five guinea pigs
(12). In rhesus monkeys, nocturnal surges of oxytocin oc-
curring towards term in maternal plasma are associated with
increased uterine activity ( 13, 14).

Oxytocin receptors increase towards term in myometrium
in all species studied (15-17). In humans, myometrial oxytocin
receptors increase 30-fold between early pregnancy and early
labor when they attain peak concentrations ( 16). In guinea pigs,
myometrial oxytocin receptors increase 50-fold between days
10 and 60 of gestation, after which their concentration remains
unchanged until post partum (18). While an increase of oxyto-
cin receptors at the time of the onset of labor may indicate a
role in the initiation of labor, as has been suggested for human
parturition (16), it may also merely represent one of the many
changes occurring in preparation for later stages of labor and
the postpartum period (2). In endometrium, oxytocin receptors
have been demonstrated during pregnancy in humans and
guinea pigs (16, 19). In humans, oxytocin stimulates the pro-
duction of PGF2, by decidua in vitro (20, 21). Receptors for
oxytocin have also been found in human amnion and chorion
but there is conflicting evidence on whether receptors increase
in relation to labor (22, 23). Oxytocin mRNAin chorio-decid-
ual tissue is present in three to fourfold higher concentrations
after vaginal delivery than before the onset of labor, suggesting
an autocrine or paracrine role for oxytocin in labor (24).

These observations do not provide conclusive evidence for
a physiological role of oxytocin either in the initiation or the
maintenance of labor. To obtain this information, experiments
with oxytocin antagonists are required. Oxytocin receptor
blockade may arrest some cases of human preterm labor (25),
and inhibits spontaneous contractions in rhesus monkeys (13,
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14) and oxytocin-induced contractions in baboons (26), but its
effect on the onset and maintenance of labor has been studied
only in rats, in which no effect was found (27). The relevance
of observations made in rats to human labor is dubious as the
physiology of parturition differs fundamentally between the two
species. In rats, the maintenance of pregnancy is dependent
on progesterone production by the corpus luteum, and not the
placenta as in humans, guinea pigs, and monkeys, and luteolysis
plays a central role in the onset of parturition ( 1). For these
reasons we examined the role of oxytocin in the initiation and
maintenance of labor in guinea pigs.

Methods

Animals and treatments. Permission for this study was obtained from
the institutional Animal Ethics Committee. Husbandry and operative
procedures have been previously described (28). In brief, male and
female guinea pigs of mixed breed were housed together until 24 h after
vaginal opening had occurred (day 2 of gestation). Between 51 and 58
d gestation, a jugular venous catheter, and a carotid arterial catheter were
inserted during general anesthesia (n = 23). A uterine electromyogram
(EMG)' electrode array and an abdominal pressure catheter (28) were
inserted in 20 of the 23 guinea pigs (n = 11 test animals and n = 9
controls). The catheters and EMGwires were exteriorized on the guinea
pigs' backs and attached to backpacks containing a pressure transducer
and connectors. The animals were randomly assigned to receiving either
a continuous intravenous infusion (0.5 ml/h) of the competitive oxyto-
cin antagonist des-Gly9- [D-Trp2,Thr4,0rn8] dC6-oxytocin (F372; Fer-
ring, Malmo, Sweden; 20 Mg/kg per h, reference 29) dissolved in hepa-
rinized saline (1 IU heparin/ml 0.18 Msaline solution, n = 11), or of
vehicle only (n = 12), starting on day 66 at 1,200 h. The infusions
were continued until all fetuses were delivered or dead in utero. One
guinea pig (No. 94) delivered during a graded infusion of oxytocin
while administration of F372 was continued. Fetal viability in prolonged
pregnancies was determined by ultrasound scanning. When death of all
undelivered fetuses was confirmed or maternal distress from dystocia
was apparent, as indicated by prolonged ineffective pushing (i.e., salvos
of intraabdominal pressure rises of > 30 mmHgand < 15 s duration),
uterotomy under halothane/oxygen anesthesia was carried out before
death by nitrous oxide. The width of the symphysis pubis was recorded
daily (in millimeters) by palpation.

Recording and analysis of uterine activity. On day 65, the guinea
pigs were connected to an electronic signal conditioner mounted above
the cage, via a swiveling system fitted to the backpacks as described
previously (28). The quasi-integrated EMGsignal (EMG envelope,
reference 28) of the uterus and the abdominal pressure increments were
recorded continuously on a computer and a chart recorder connected in
parallel. Recording continued until - 24 h after delivery or termination
of the experiment. No correction for signal attenuation was needed as
the change in the mean amplitude of the quasi-integrated EMGwas
+1+5% (SEM) between the first 12 h after starting treatment and the
time from 24 to 36 h before peak uterine activity (See Fig. 3) occurred.
Using software described previously (28), the gain was set to achieve
similar amplitudes of the quasi-integrated EMGduring the pretreatment
period in all animals. The threshold to record an increase above baseline
as a contractile event was set at - 5%of the amplitude of a typical major
contractile event preceding labor. Events lasting < 8 s were filtered out.
Uterine activity (area of the quasi-integrated EMG) was expressed as
percentage of activity during the 12 h preceding treatment. For analysis
of the effect of oxytocin receptor blockade (Fig. 3), the hourly uterine

1. Abbreviations used in this paper: EMG, electromyogram; F372, des-
Gly9- [D-Trp2,Thr4,Orn8] dC6-oxytocin; NEMGA, no EMGactivity;
PGFM, l3,l4-dihydro-15-keto-PGF2,, RM-ANOVA, repeated mea-
sures ANOVA.

activity was calculated, starting from the beginning of the treatment. In
F372-treated guinea pigs, records were analyzed only until the F372
infusion was discontinued or an oxytocin infusion was started (n = 2).

Analysis of the pattern of contractions. To define the distinctive
pattern of uterine contractions occurring before labor, during labor, and
after labor, the intervals with no EMGactivity (NEMGA) between
EMGevents were categorized according to their duration (an "event"
is defined as the time during which the quasi-integrated EMGsignal is
above the threshold value; reference 28), and the relative frequency of
each category of NEMGAintervals was calculated (See Fig. 1). The
relative frequency of each category then served as the basis for the
analysis of the effect of oxytocin receptor blockade. The relative fre-
quency of NEMGAintervals was determined for each 3-h period starting
from the beginning of the treatment (forward analysis) in F372-treated
animals or from the time of delivery of the last fetus (forward and
backward analysis) in saline-treated animals (See Fig. 3).

Diagnosis of the expulsive phase of labor and delivery. In the 20
guinea pigs carrying an EMGelectrode array and an intraabdominal
pressure catheter, the onset of the expulsive phase (second stage) of
labor and the time of birth of the first and the last fetus were determined
from the EMGand the intraabdominal pressure recordings with an error
of < ±5 min. The onset of the second stage of labor was defined by
the occurrence of pushing, i.e., of salvos of intraabdominal pressure
rises of > 30 mmHgand < 15 s duration during at least 50% of the
contractions. The time of birth was either witnessed or assumed to have
occurred at the end of the first episode of regular pushing followed by
a pause (first fetus) or the cessation of pushing (last fetus). In the three
control guinea pigs not carrying EMGelectrodes and balloon catheters,
the time of delivery was estimated within an error margin of ± 1.5, 4,
and 5 h, respectively. For analysis of the time of delivery of the first
and the last fetus the same time estimate was used. These three animals
were excluded from analysis of the time between the onset of the expul-
sive phase and delivery, and the time between delivery of the first and
the last fetus.

Oxytocin sensitivity tests. In two nonpushing guinea pigs, oxytocin
was infused on day 75, starting at a rate of 0.25 mU/min and doubling
the dose each 45 min (28), while administration of F372 was continued.
One guinea pig was carrying her intact litter of three fetuses (two dead
and one alive, No. b94), and the other was carrying one dead fetus,
having delivered her third fetus 9 h before (No. b95).

Blood sampling, hormone determinations. Maternal arterial blood
(1 or 0.5 ml on alternate days starting on day 66) was collected into
glass tubes containing 4.5 mg potassium EDTAand 20 ,og mefenamic
acid, centrifuged at 40C, and the plasma stored at -20'C until assayed.
Estradiol was determined without prior extraction (Estradiol-2 RIA Kit;
Sorin Biomedica, Saluccia, Italy; sensitivity 20 pmol/liter, intraassay
variability 5%, interassay variability 7%). Progesterone was measured
following diethyl ether extraction and dilution (Amerlex-M Progester-
one RIA Kit; Kodak Clinical Diagnostics, Amersham, UK; sensitivity
0.5 nmol/liter, intraasay variability 5%, interassay variability 7%).
PGFMwas measured by RIA using an antiserum with the following
cross-reactivity: 15-keto-PGF2,,a: 0.9%; 13,14-dihydro-15-keto-PGE2:
2%; 15-keto-PGE2: 0.3%; 6,15-diketo-13,14-dihydro-PGFI,a: 4.6%;
PGA2: 0.02%; all other common PG: < 0.01% (sensitivity 0.28 nmol/
liter, intraassay variability 6%, interassay variability 8%).

Statistical analysis. Uterine activity was examined by ANOVA,
RM-ANOVA)and t test, hormone concentrations by regression analysis
(weighted for the number of points per animal, minimum number of
points n = 3) and RM-ANOVA(SAS Institute Inc., Cary, NC); these
data were presented as mean±SEM. Data subjected to life table analysis
(log-rank test) were presented as median or as the 25% quartile where
the median was undefined due to right-censored values (delivery by
uterotomy, delivery during oxytocin infusion, or delivery after stopping
F372). Differences of P < 0.05 were considered significant.

Results
Pattern of uterine activity in control animals. The pattern of
uterine contractions in controls occurring before labor differed
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Figure 1. Relative frequency of NEMGAintervals in guinea pigs infused
with saline solution. Bars represent ranges of NEMGAintervals (< 30
s, 31-120 s etc.). *P < 0.05, **P < 0.01, ***P < 0.001 by RM-
ANOVA, vs. period from the delivery of the last fetus until 12 h postpar-
tum. Values are mean±SEM.

from that after labor and delivery (Fig. 1). Most striking was
the finding in postpartum animals of a significant decrease of
the relative frequency of NEMGAintervals of < 30 s duration
compared to the time preceding (and during) labor, and a corre-
sponding increase in NEMGAintervals of 121-600 s duration.
These changes occurred in all control animals and appeared to
be specific for changes in uterine activity accompanying labor;
in one animal they were absent during an episode of increased
uterine activity occurring between 38 and 25 h preceding labor
(maximum 350% above baseline returning to 120% of base-
line).

Uterine activity. Treatment with F372 resulted in a signifi-
cant transient (12 h) decrease of about 20% in the area of the
quasi-integrated EMG(Fig. 2). The amplitude of the quasi-
integrated EMGremained unchanged (not shown) suggesting
that the frequency of contractions rather than the voltage of the
EMGor the frequency of EMGbursts within contractions
events (28) was decreased. The time of the onset of labor could
not be determined directly as labor was of gradual onset (Fig.
3). Therefore, the onset of labor was estimated from the time
of occurrence of peak uterine activity (maximum uterine activ-
ity per hour). Uterine activity started to rise above baseline
approximately 36 h before peak activity was attained in both
F372-treated and in control animals (baseline = mean activity
from 45 to 39 h before peak activity, Fig. 3). The increase of
uterine activity above baseline was significant throughout the
27 h before peak activity (P = 0.05-0.0001 by RM-ANOVA).
Treatment with F372 did not affect the rise in uterine activity
until the 2 h preceding and the hour during peak activity (P
= 0.03, P = 0.002, and P < 0.001, respectively). Uterine activ-
ity during the hour of peak activity in F372-treated guinea pigs
was 375±52% of pre-treatment levels (range 164-717%) com-
pared to 881±117% (range 288-1436%) in controls (Fig. 3).
The number of contractions during expulsion of the first fetus
was significantly lower in F372-treated guinea pigs than in con-
trols (10.2±2.0 vs. 21.5±1.2 contractions/20 min, P = 0.0002
by t test, not shown).
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Figure 2. Uterine activity (area of the quasi-integrated EMGsignal)
for each 6-h interval during the first 60 h after commencing treatment
with the oxytocin receptor blocker F372 or saline solution. EMGactivity
occurring < 36 h before peak uterine activity was excluded. *P < 0.05,
* * P < 0.01, by RM-ANOVAvs. activity during the 12 h before starting
treatment; **P < 0.01, vs. saline-treated guinea pigs. Values are
mean+SEM(n = 3-10).

Pattern of contractions. In all F372-treated guinea pigs, as
in controls, peak uterine activity was associated with a signifi-
cant decrease in the relative frequency of NEMGAintervals of
< 30 s duration and an increase in the relative frequency of
NEMGAintervals of 121-600 s duration (Fig. 3). The relative
frequency of NEMGAintervals of < 30 s in F372-treated
guinea pigs was similar to controls preceding peak uterine activ-
ity, lower during peak activity (P = 0.02), and higher during
the 12 h following peak activity (Fig. 3). The relative frequency
of NEMGAintervals of 121-600 s was similar to controls
preceding and during peak uterine activity but less frequent
during the following 12 h (Fig. 3).

Timing of peak uterine activity. Treatment with F372 had
no significant effect on the timing of peak uterine activity (me-
dian 3.0 vs. 2.8 d after starting treatment, Fig. 4; mean±SEM
3.5±0.5 vs. 2.9+0.5 d, P = 0.3 by t test, n = 23). In this
analysis the estimated time of delivery of the three control
guinea pigs without EMGelectrode array was used to represent
peak uterine activity. When these three guinea pigs were ex-
cluded from analysis, the difference between treatments re-
mained non-significant (median 3.0 vs. 2.3 d, P = 0.07;
mean±SEM3.5±0.5 vs. 2.4±0.4 d, P = 0.1 by t test, n = 20).

Expulsive phase of labor and delivery. Treatment with F372
significantly delayed the onset of the expulsive phase of labor
(median 4.0 vs. 2.3 d after starting treatment, Fig. 5), birth of
the first fetus (median 4.0 vs. 2.8 d, Fig. 6) and birth of the
last fetus (25% quartile 3.9 vs. 1.9 d, Fig. 7). Treatment with
F372 prolonged the second stage of labor, increasing the time
between the onset of the expulsive phase of labor and birth of
the first fetus (median 70 vs. 10 min, P = 0.003), the onset of
the expulsive phase and birth of the last fetus (25% quartile
119 vs. 24 min, P = 0.004) and the time between birth of the
first and the last fetus (25% quartile 90 vs. 20 min, P = 0.002).

Fetal outcome. Treatment with F372 was associated with
an increased incidence of intrauterine death (diagnosed by mac-
eration) of normally developed fetuses (mean of 0.9±0.4 per
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Figure 3. Uterine EMGactivity and relative frequency
of NEMGAintervals lasting < 30 s or 121-600 s.
Uterine activity is normalized for time 0 (peak uterine
activity). (A) Treatment with saline solution (n = 9);
upper section, relative frequency of NEMGAintervals
at time 0 comprises the NEMGAintervals during the
3 h preceding and including delivery of the last fetus.
(B) Treatment with the oxytocin receptor blocker F372
(n = 11 ); upper section, relative frequency of NEMGA
intervals at time 0 represents the 3 h during which peak
uterine activity occurred (analysis of NEMGAintervals
for each 3-h period was started at the beginning of
treatment). * * *JP < 0.0001 by RM-ANOVA,NEMGA
intervals of < 30 s and of 121-600 s during the 12 h
preceding and including time 0 vs. the 12 h following
time 0; +P = 0.03, NEMGAintervals of < 30 s during
the 12 h following time 0 vs. saline-treated; ...P =
0.001, NEMGAintervals of 121-600 s during the 12
h following time 0 vs. saline-treated; 111P < 0.0001,
vs. peak uterine activity in saline-treated guinea pigs.
Values are mean+SEM(SEM not shown for n < 3).

litter vs. 0, P = 0.04 by t test) and a decreased number of live
newborns per litter (1.3+0.3 vs. 2.8+0.4, P < 0.02). The num-

ber of intrauterine deaths of normally developed fetuses was

correlated with the time of birth of the first and the last fetus
(both r = 0.7, P < 0.001). The mean total number of fetuses
per litter (3.6±0.4 vs. 3.8±0.3), total fetal weight per litter
(289±24 vs. 322±27 g), the number of dead runts (0.7+0.4
vs. 0.3+±0.2) and the number of nonmacerated dead neonates
per litter (0.7+0.2 vs. 0.8±0.3) were not significantly different
in animals treated with F372 and controls.

Softening of the symphysis pubis. Mean symphysial width
in F372-treated guinea pigs was not significantly different from
controls at the start of treatment (2.9+0.4 vs. 3.0+0.4 mm) or

at the time of peak uterine activity (5.3±2.4 vs. 5.5+2.5 mm).
In three guinea pigs treated with F372, narrowing of the sym-

physis was observed after peak uterine activity had occurred
and then subsided and live fetuses were still in utero.

Oxytocin sensitivity tests. Doubling of baseline uterine activ-
ity was achieved with /2 mU/min oxytocin in guinea pig No.
b94, and with 1 mU/min in guinea pig No. b95.

Hormone concentrations. No significant changes in the con-

centrations of PGFMor progesterone occurred preceding and
during labor in controls. In F372-treated guinea pigs, concentra-
tions of PGFMwere similar to controls until the day when peak
uterine activity occurred. On the day after peak activity had
occurred, the concentrations started to increase progressively in
all F372-treated animals that were undelivered and in whom
blood was available for analysis. Progesterone concentrations
in F372-treated guinea pigs were similar to those in controls
until the day before peak uterine activity, when concentrations
started to fall progressively (Fig. 8). An exception was guinea
pig No. 94 which delivered one live and two dead fetuses during
an oxytocin infusion on day 75; progesterone concentrations
decreased by 50% the day after peak uterine activity occurred

16 J.-C. Schellenberg
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Figure 4. Time of occurrence of peak uterine activity in guinea pigs
treated with the oxytocin receptor blocker F372 or saline solution (life
table analysis). *Saline-treated guinea pigs without EMGelectrode
array in which the estimate of the time of delivery was taken as the
time of peak uterine activity (see text).

but recovered to previous levels subsequently. Plasma concen-
trations of estradiol were at or below the sensitivity of the assay.

Discussion

This study suggests that oxytocin is not involved in the mecha-
nism of the onset and the timing of labor in guinea pigs. Oxyto-
cin receptor blockade delayed the onset of the expulsive phase
of labor, which could have been due to a prolonged first stage
of labor and/or a delayed onset of labor. As the time of the
onset of labor cannot be determined with precision because
uterine activity increases progressively (reference 30 and Fig.
3), peak uterine activity (maximum uterine activity per hour)
was used in this study as a reference point for labor. Any delay
in peak uterine activity would have indicated a delay in the
onset of labor or a prolonged interval between the onset of labor
and the time when peak uterine activity was attained. In several
animals treated with oxytocin receptor blockade, peak uterine
activity was only marginally greater than the fluctuating base-
line uterine activity. Consequently, an additional marker of la-
bor was needed to confirm that peak uterine activity represented
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Figure 6. Time of delivery of the first fetus in guinea pigs treated with
the oxytocin receptor blocker F372 or saline solution. Right-censored
for life table analysis: *delivered during oxytocin infusion; * *delivered
vaginally after stopping F372.

labor. In all 20 guinea pigs in which uterine EMGactivity was
recorded, the relative frequency of NEMGAintervals of < 30
s length decreased with the occurrence of peak uterine activity
and the relative frequency of NEMGAintervals lasting 121-
600 s increased. In view of the consistency of these changes
and their association in controls with labor, it appears plausible
that peak uterine activity in oxytocin receptor-blocked guinea
pigs represented labor, irrespective of whether this was accom-
panied by pushing and delivery of fetuses. The underlying
mechanism for the observed changes in the relative frequency
of NEMGAintervals is unknown. Uterine activity began to
increase - 36 h before peak activity was achieved in both F372-
treated guinea pigs and controls (Fig. 3), resembling the time
course of uterine activity preceding labor in humans (30). The
timely onset in the rise of uterine activity, the timely attainment
of peak uterine activity accompanied by a timely change from
a prepartum to a postpartum pattern of EMGactivity (NEMGA
intervals), and the delayed onset of the second stage of labor
during oxytocin receptor blockade suggest that oxytocin is nec-
essary for the progress of the first stage of labor but is not
involved in the mechanisms of the onset and the timing of labor.

Oxytocin receptor blockade prolonged the duration of the
expulsive phase of labor. The likely cause was inadequate uter-

_ l2_ P = 0.01
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.c1 *F372
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1 50
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100I
66 68 70 72 74 76
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Figure 5. Time of onset of the second stage of labor (expulsive phase)
in guinea pigs treated with the oxytocin receptor blocker F372 or saline
solution. Right-censored for life table analysis: *pushing during oxyto-
cin infusion; * *pushing after stopping F372.

72
Gestation (days)

Figure 7. Time of delivery of the last fetus in guinea pigs treated with
the oxytocin receptor blocker F372 or saline solution. Right-censored
for life table analysis: *delivered during oxytocin infusion; * *delivered
vaginally after stopping F372; * * *delivered by uterotomy after stopping
F372.
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Figure 8. Concentrations in maternal plasma of PGFMand progesterone
in guinea pigs treated with the oxytocin receptor blocker F372 or saline
solution. Values at Time -7 to -2 are pooled values from 7 to 2 d
before the day of peak uterine activity; regression equation for PGFM
concentrations (F372-treated), values from the day of peak uterine ac-
tivity to 8 d after peak activity (n = 5); equation for progesterone
concentrations (F372-treated), from 2 d before peak activity to 8 d after
peak activity (n = 6). Values are mean±SEM.

ine action; the mean area of the quasi-integrated EMGduring
the hour of peak activity was 40% of controls and the mean
frequency of contractions during delivery of the first fetus was
50% of controls. Whether oxytocin receptor blockade led, in
addition, to a lower intrauterine pressure increment for a given
EMGactivity is unknown; the intrauterine pressure increment
is correlated with the area of the EMGenvelope in spontaneous
and oxytocin stimulated contractions (28) but the relationship
has not been established during oxytocin receptor blockade.
These observations suggest a prominent role for oxytocin during
the expulsive phase of labor.

Oxytocin is required for the normal progress of parturition
in guinea pigs; receptor blockade resulted in increased mortality
of fetuses and may have caused maternal death if the experi-
ments had not been terminated. Fetal demise was correlated
with the length of gestation, which was possibly due to declining
placental function as documented in humans (31 ) and suggested
in this study by decreasing progesterone concentrations in ma-
ternal plasma after peak uterine activity. These results are at
variance with observations in rats in which oxytocin receptor
blockade did not delay delivery (27), adding to other differ-
ences between the two species; pregnancy is corpus luteum-
dependent in rats but not in guinea pigs (1), and inhibition of
PG synthesis by naproxen sodium in rats prolongs gestation
(27) while several PG synthase inhibitors were ineffective in
prolonging gestation in guinea pigs (Schellenberg, J. C., unpub-
lished observations).

The dose rate of oxytocin required to double basal uterine
activity in the presence of F372 was 16-32 times greater in the
two guinea pigs tested in this study than the dose rate required
in the absence of F372 in guinea pigs near term (n = total of
46 infusions in 10 guinea pigs) (reference 28 and Schellenberg,
J. C., manuscript in preparation). The degree of oxytocin recep-
tor blockade achieved in this study is therefore likely to have
been adequate for testing the role of oxytocin in parturition of
guinea pigs.

The main metabolite of PGF2< in guinea pigs, PGFM(32),
did not increase consistently preceding and during labor, but

increased progressively in oxytocin receptor-blocked guinea
pigs which continued to carry fetuses after peak uterine activity
had occurred. This is in keeping with an inconsistent but overall
significant small rise in PGF preceding and during labor re-
ported in guinea pigs (33) and an increase in plasma concentra-
tions of PGFMduring the late stages of labor in humans (2).
The progressive increase in the concentrations of PGFMafter
peak uterine activity offers further support to the proposed inter-
pretation of peak uterine activity representing labor in F372-
treated animals. Progesterone concentrations in this study are
consistent with those reported in the literature regarding their
absolute levels and their inconsistent change preceding labor
(33-36). The observed plasma concentrations of estradiol in
the < 20 picomolar range were similar to those reported pre-
viously (34, 35).

In conclusion, the present study demonstrates that oxytocin
is requisite for the normal progress of the first and the second
stage of labor in guinea pigs. Oxytocin receptor blockade leads
to increased fetal mortality associated with inadequate uterine
activity which is due, at least in part, to infrequent contractions.
Oxytocin has a minor stimulatory effect on the frequency of
uterine contractions preceding labor but is not involved in the
mechanism of the onset and the timing of labor; this is sug-
gested by the timely occurrence of peak uterine activity during
oxytocin receptor blockade accompanied by a timely change
from a prepartum to a postpartum pattern of EMGactivity
following an unaltered progressive increase in baseline uterine
activity. Given the fundamental similarities between the endo-
crinology of pregnancy in guinea pigs and humans ( 1 ) oxytocin
may play a similar role in human parturition.
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