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Objective To compare the tocolytic potency of ritodrine, nicardipine and atosiban, used alone and in dual
combinations, to see whether combinations of these drugs, which act via different pathways, could improve
inhibition of uterine contractility.

Design Study on myometrial contractility in vitro.

Setting Laboratory of physiology, Lyon, France.

Sample Longitudinal myometrial strips from non-labouring timed pregnant Wistar rats (18 gestational days).

Methods Strips were simultaneously exposed to EC25, EC50 or EC75 of dual combinations of either ritodrine
and nicardipine, ritodrine and atosiban or nicardipine and atosiban (n ¼ 10/group). Basal contractile activity
and contractile activity after addition of each combination was measured using the 10 min integral of
activity. Changes were expressed as percentage from the basal 10 min integral activity. The observed
percentage inhibition of activity was compared with the expected percentage inhibition in an additive
pharmacological model. When no significant difference occurred, the combination was deemed simply to
have an additive tocolytic effect. When inhibition of activity was significantly greater compared with the
expected percentage inhibition, the combination was deemed to have a synergistic effect.

Main outcome measure Changes in integral contractile activity in response to tocolytic combinations.

Results Ritodrine and atosiban inhibited integral activity to a greater extent than expected [e.g. using EC50:
observed inhibition 88.9% (13.8%) vs expected inhibition 75%; P < 0.015]. Actual inhibition by
nicardipine/ritodrine [78.55% (20.4%) vs 75%; P ¼ n.s.] and nicardipine/atosiban [78.94% (17.8%) vs 75%;
P ¼ n.s.] was not significantly different from expected.

Conclusions A combination of ritodrine plus atosiban exhibits a synergistic inhibition for myometrial activity,
thus allowing the use of lower concentrations of each drug to achieve the same effect compared with each
drug used alone. Combination of nicardipine plus ritodrine and nicardipine plus atosiban achieves only an
additive effect. The potential for decreasing side effects (beta-mimetics) and costs (atosiban) when using a
combination in clinical practice needs to be evaluated.

INTRODUCTION

Management of preterm labour remains the chief chal-

lenge for obstetricians today. Idiopathic preterm labour

complicates 5% to 10% of all pregnancies and is responsible

for 30% of preterm births (before 37 weeks of gestation)1,2.

Currently, the drugs commonly used to inhibit preterm

labour include beta-2-mimetics, calcium channel blockers

and the recently introduced oxytocin antagonist atosiban.

Calcium channel blockers are slightly more effective

than beta-2-mimetics in delaying delivery for 48 hours,

whereas beta-2-mimetics and atosiban are equivalent3 – 9.

This 48 hour period is essential for the transfer of the

mother and fetus to a centre with a neonatal intensive care

unit, and for achieving the full benefit of corticosteroid

therapy on fetal lung maturation10,11. However, tocolytics

have not decreased preterm delivery rates. Moreover, neo-

natal morbidity and mortality have not been reduced by

these drugs1,3 – 9. In addition, dose-dependent fetal and

maternal side effects limit the use of effective treatment

concentrations6,7,12.

It is worthwhile to note that the three classes of drugs

mentioned above act through different pathways to inhibit

uterine contractile activity. Beta-2-mimetics induce relaxa-

tion through intracellular accumulation of cyclic adenosine

monophosphate (cAMP)13,14. Calcium channel blockers
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directly prevent influx of calcium ions responsible for

smooth muscle cell contraction, whereas oxytocin receptor

antagonists act indirectly to prevent the rise of intracellular

calcium concentration in response to the oxytocin-induced

increase in inositol 1,4,5-triphosphate production (IP3)14 – 16.

Simultaneous blockage of these different pathways could

result in a synergistic effect capable of potentiating the

uterine relaxation induced by each single drug. Most

importantly, a synergistic effect could also allow a reduction

of the therapeutic concentrations needed for each single

drugs, thereby leading to a decrease in maternal and fetal

side effects. The aim of this in vitro study was to assess the

relaxant effects of dual combinations of ritodrine (beta-2-

mimetics), nicardipine (calcium channel blockers, dihydro-

pyridine class) and atosiban (oxytocin antagonist) on the

contractile activity of pregnant rats’ myometrium.

METHODS

Myometrial longitudinal strips were obtained from a

total of 25 non-labouring timed pregnant Wistar rats on

day 18 of gestation (term: day 22). Strips were mounted in

glass organ chambers filled with Krebs–Henseleit solution

bubbled with 5% CO2 and 95% O2 (37jC, pH f7.4), and

isometric tension was recorded using a force transducer

connected to an online computer. Myometrial strips were

then allowed to equilibrate until regular spontaneous con-

tractile activity stabilised.

Basal activity was then calculated as the integral of

uterine activity over 10 min. Changes in the 10 min integral

10 min after application of each concentration of each

single drug or combinations were expressed as percentage

of changes from the basal 10 min integral. The concentra-

tion–response curves of each single drug were previously

determined and used to calculate the effective concentra-

tions that inhibited 25% (EC25), 50% (EC50) and 75%

(EC75) of basal activity (Table 1)17.

Strips were then exposed to dual combinations of the

EC25, EC50 or EC75 of ritodrine, nicardipine and atosiban:

ritodrine plus nicardipine, ritodrine plus atosiban and

nicardipine plus atosiban (n ¼ 10 per group; strips were

removed from at least eight different animals to reduce

individual variation effect). Control strips were removed

from the same rats and studied at the same time.

To investigate the relaxant effect of each combination,

the pharmacological interaction was defined as additive,

synergistic or antagonistic interaction. An additive effect is

defined by an expected percent inhibition of integral

activity equivalent to the sum of inhibition produced by

the concentration used for each drug. Hence, when EC50 of

each drug are used, one drug is inhibiting 50% of the basal

contractile activity, and the second drug is inhibiting 50%

of the remaining contractile activity, that means 25%. Thus,

using EC50, the final contractrile activity inhibition in an

additive model is 75%. In the same way, when EC25 and

EC75 of each drug are used in combination, the expected

inhibitions in an additive model are 43.75% and 93.75%,

respectively.

We compared experimentally observed inhibition with

expected inhibition using a paired Student’s t test; P < 0.05

was considered as statistically significant. When no sig-

nificant difference occurred between the observed and the

expected percentage inhibition in activity, the combination

of the two drugs was deemed additive. When inhibition of

activity was significantly greater or lower compared with

the expected percentage inhibition in activity, the dual

combination was characterised as synergistic or antago-

nistic, respectively.

The composition of the Krebs–Hensleit solution was

(in mM): glucose 11.2, magnesium sulphate 1.2, monobasic

potassium phosphate 1.2, potassium chloride 4.7, sodium

chloride 118.3, bihydrate calcium chloride 2.5 and sodium

bicarbonate 25. Atosiban was provided by Ferring Phar-

maceutical Industries (Copenhagen, Denmark). Nicardipine

Table 1. Mean molar concentrations of ritodrine, nicardipine and atosiban

previously determined to inhibit 25% (EC25), 50% (EC50) and 75% (EC75)

of the basal contractile activity. These concentrations were used in the dual

combinations tested.

Drugs EC25 EC50 EC75

Ritodrine 8.1 � 10�8 3.1 � 10�7 1.2 � 10�6

Nicardipine 1.3 � 10�9 5.8 � 10�9 2.6 � 10�8

Atosiban 2.4 � 10�8 1 � 10�7 4.4 � 10�7

Fig. 1. Contractile activity observed after addition of the combinations of

EC25, EC50 and EC75 of ritodrine and nicardipine. Data are expressed as

mean (SEM).

Fig. 2. Contractile activity observed after addition of combinations of

EC25, EC50 and EC75 of nicardipine and atosiban. Data are expressed as

mean (SEM).
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was purchased from Novartis (Basel, Switzerland) and

ritodrine from Solvay Pharmaceutical Industries (Brussels,

Belgium).

RESULTS

All three combinations (ritodrine/nicardipine, ritodrine/

atosiban and nicardipine/atosiban) inhibited myometrial

contractile activity, whereas the control group activity

remained unchanged. The inhibitions with the combina-

tions of ritodrine/nicardipine and atosiban/nicardipine were

not significantly different from the expected inhibition in

activity at any of the three ECs, indicating an additive

effect of these drugs (Figs 1 and 2). The combination

of ritodrine/atosiban resulted in an inhibition in activity

that was significantly higher than the expected inhibition

at all ECs tested [e.g. when EC50 was used: observed

inhibition was 88.9% (13.8%) vs expected inhibition of

75%; P < 0.015; Fig. 3]. Using the EC50 of both drugs

produced about 90% inhibition of basal contractile activ-

ity. Using EC75, contractile activity was completely inhib-

ited in 9 of the 10 strips. Thus, a combination of ritodrine

and atosiban resulted in a synergistic inhibition of myo-

metrial contractility.

DISCUSSION

The currently available treatments for preterm labour

have not significantly reduced the rate of preterm delivery

or adverse neonatal outcomes1,3 – 9. The biochemical mech-

anisms involved in the aetiology of preterm labour remain

unknown, a factor that is partly responsible for the lack of

effective therapy. In a simplistic way, preterm labour can be

described as an escape from the mechanisms maintaining

uterine quiescence and/or induction of the systems aug-

menting uterine contractile activity18. Therefore, the cur-

rently used treatments can be divided into two groups: (1)

drugs promoting relaxant pathways through activation of

adenylate cyclase, accumulation of cAMP and hence activa-

tion of protein kinase A (such as ritodrine), and (2) drugs

preventing the rise in intracellular calcium concentration, the

central event leading to smooth muscle contraction, either

directly (such as calcium channel blockers) or indirectly

through inhibition of IP3 production (such as oxytocin an-

tagonists and inhibitors of prostaglandin synthesis)13 – 16,19.

Each of the tocolytic agents used in our study acts

through a different pathway to achieve uterine relaxation.

We hypothesised that combinations of tocolytics may prove

to have a synergistic effect. First, our study demonstrated

that the combinations nicardipine/ritodrine and nicardipine/

atosiban lead to an additive effect. Therefore, at a given

concentration, the combination is twice as potent as when

each drug was used alone. These results are consistent with

the findings of two previously published in vitro studies on

the tocolytic effect of nifedipine, another dihydropyridine

type calcium channel blocker, used in combination with

ritodrine, on the myometrial contractile activity in non-

pregnant rats and uterine tissue from non-labouring preg-

nant women20,21.

However, we found that the combination of ritodrine and

atosiban induced a synergistic tocolytic effect. Therefore,

this combination potentiates the relaxant effect induced by

each single drug, and allows the use of lower effective

concentrations to achieve the same inhibitory effect on

uterine contractility. This synergistic inhibitory effect may

be explained by the involvement of two mainly indepen-

dent pathways leading to tocolysis. Indeed, ritodrine/atosi-

ban is the only combination where a drug stimulating the

cAMP relaxant pathway and a drug preventing the calcium

release from intracellular storage sites and calcium influx

across plasma membranes through inhibition of IP3 pro-

duction are used simultaneously13,14. In a recently pub-

lished study, we found that rofecoxib, a specific inhibitor of

the inducible isoform of cyclooxygenase (COX-2), a drug

that also prevents IP3 production induced by the production

of prostaglandins, exhibited a synergistic effect on the

inhibition of uterine contractile activity when used in com-

bination with ritodrine17. Therefore, targeting these two

pathways appears to produce an improved tocolytic effect.

The synergistic tocolytic effect of ritodrine used in

combination with atosiban may provide the opportunity to

improve the maternal and fetal side effect profile. Treatment

with beta-2-mimetics is associated with major side effects in

about 80% of the patients12. These side effects include fetal

tachycardia as well as maternal tachycardia, nausea, palpi-

tations, tremor and headache. Major side effects such as

pulmonary oedema, cardiac arrhythmia, myocardial ische-

mia and maternal death have also been described3,8,12. In

about 14% of patients, tocolysis with beta-2-mimetics has to

be discontinued12. These dose-dependent side effects limit

ritodrine maximal therapeutic dose to 350 Ag/hour. How-

ever, the synergistic effect exhibited by the combination

with atosiban should allow the use of lower effective

concentrations of beta-2-mimetics, hence leading to a

reduction in side effects. Despite similar efficacy and a

dramatically lower side effects rate compared with ritodrine

Fig. 3. Contractile activity observed after addition of the combinations of

EC25, EC50 and EC75 of ritodrine and atosiban. Data are expressed as mean

(SEM). *P < 0.05.
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(4–8%), the clinical use of atosiban remains limited by the

high costs of this treatment4 – 7. Therefore, the combination

of atosiban with ritodrine may also have the added advan-

tage of decreasing the costs of tocolysis. However, we have

to consider that the side effects common to both drugs

(such as maternal cardiovascular side effects) may also be

enhanced by this combination. Indeed, atosiban is not only

an oxytocin receptor antagonist, but also binds to the

vasopressin V1a receptor which is involved in vasomotor

tone regulation22,23. Therefore, vasodilatation induced by

beta-2-mimetics resulting in reactive tachycardia may pos-

sibly be augmented. However, the combination of atosiban

and beta-2-mimetics is not expected to increase the risk of

water retention and pulmonary oedema, as (1) Chou et al.24

demonstrated that modulation of the antidiuretic action of

vasopressin is predominantly mediated by V2 receptors,

and (2) Windle et al.25 showed that atosiban does not affect

the antidiuretic and natriuretic properties of vasopressin.

No studies have been performed so far to assess the

effectiveness of these three combinations of tocolytic agents

in vivo. Therefore, animal and clinical studies are needed to

establish the optimal therapeutic doses to be used in com-

bination, and to assess the efficacy, potency and safety of

these combinations in the management of preterm labour.
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