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Abstract
Progestin supplementation appears to be a promising approach to both preventing initiation of
preterm labor and treating it once it is already established, given progesterone’s role in
maintaining pregnancy as well as support from basic and clinical research. Progesterone and 17-
alpha-hydroxyprogesterone-acetate (17-OH P) slow the process of cervical ripening and this is the
rationale for prophylactic long-term progestin supplementation mostly studied so far. However,
progesterone (but not 17-OH P) also inhibits myometrial activity even after the cervix is already
ripened. Moreover, these effects depend greatly on the vehicle used and the route of
administration. Understanding different mechanisms of action, as well as the importance of
progestin formulation, vehicle, and route of administration is the key to finding the optimal
progestin treatment for prevention of preterm birth.
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Introduction
Preterm birth remains the biggest unsolved obstetrical problem. As much as 70% of
perinatal mortality is attributed to prematurity, and many of the surviving preterm infants
suffer serious lifelong morbidity, including cerebral palsy, blindness, hearing loss, learning
disabilities, and other chronic conditions (1–3). In spite of extensive research and a variety
of interventions, the incidence of preterm birth has not declined (4).

Most common interventions recommended to prevent preterm birth have been proven to
have little or no benefit. Bed rest, once universally advocated, is now largely historical, and
cerlage, antibiotics or tocolytics may be beneficial only in specific circumstances (5). Once
preterm labor is established, the goal of treatment is merely to delay delivery in order to
allow for the transfer of the pregnant patient to the most appropriate hospital and for
administration of corticosteroids (6). None of the currently available treatments for preterm
labor can prolong pregnancy sufficiently to allow further intrauterine growth and maturation
of the fetus (7). There is experimental support from animal and in vitro studies, and also
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empirical evidence from large randomized placebo-controlled clinical trials, that treatment
with progestins (group of steroid hormones that include natural progesterone and its
analogues) may reduce the risk of preterm birth. The exact mechanisms of action, optimal
progestin formulation, dose, route and timing of administration are, however, still unknown.

Material and methods
We performed a search in PubMed and Medline to identify publications on progestin
treatments for prevention of preterm birth. The search was performed in May 2010 and the
following search conditions were used: English language; 1966–2010; search terms:
“premature labor” AND (“progestins” OR “progesterone” OR “17 alpha hydroxy
progesterone caproate”).

Current treatment of preterm labor
For several decades, stopping uterine contractions, i.e. tocolysis, has been the focus of
treating preterm labor. The reason for this is the incorrect assumption that uterine
contractions detected by the patient or external tocodynamometry indicate the changes in the
myometrium responsible for initiation of labor. Inhibition of contractions should, therefore,
prevent preterm delivery and reduce neonatal mortality and morbidity. Unfortunately,
however, this is not the case. Neither do clinically used methods to assess uterine
contractility detect the molecular changes characteristic of myometrial activation and true
labor, nor are tocolytic agents available today able to reverse the mechanisms of labor and
allow further intrauterine growth and development of the fetus. These are most probably the
main reasons why tocolytics have not been shown to improve neonatal outcome (7).
Nevertheless, tocolytic agents do have an effect on myometrial contractility and should be
used until better treatment options become available in preterm labor patients who need to
be transferred to a hospital with facilities for neonatal intensive care and in those who have
not yet completed a full course of antenatal corticosteroids (7).

Mechanisms of action of tocolytics—Several pharmacologic agents are currently used
to achieve tocolysis: beta-adrenergic agonists (such as terbutaline), magnesium sulfate, nitric
oxide donors (e.g. nitroglycerin), calcium channel blockers (such as nifedipine),
cyclooxygenase inhibitors (such as indomethacin), and oxytocin receptor antagonists (such
as atosiban). These agents cause uterine relaxation by several mechanisms: Beta-adrenergic
agonists increase the levels of intracellular cyclic adenosine monophosphate (cAMP), which
inactivates myosin light-chain kinase and consequently inhibit contractility (8).
Unfortunately, the ability to generate and react to cAMP decreases when the myometrium is
preparing for labor (9). Magnesium sulfate hyperpolarizes the plasma membrane, decreases
the intracellular concentration of calcium, and inhibits myosin light-chain kinase by
competing with intracellular calcium (10,11). Nitric oxide donors accomplish muscle
relaxation via an increased production of cyclic guanosine monophosphate (cGMP) that also
inactivates myosin light-chain kinase (12). However, like cAMP, the ability to generate and
react to cGMP also decreases during labor (9). Calcium channel blockers inhibit the influx
of calcium ions through the plasma membrane and the release of intracellular calcium from
the sacroplasmatic reticulum, leading to a decrease in calcium-mediated activity of myosin
light-chain kinase (13). Cyclooxygenase inhibitors achieve tocolysis by suppression of
prostaglandin synthesis. Prostaglandins increase the formation of myometrial gap junctions
and increase the intracellular concentration of calcium by raising its transmembrane influx
and its release from sarcoplasmatic reticulum (14). And finally, oxytocin receptor
antagonists compete with oxytocin for binding to its receptors. Consequently they reduce the
oxytocin-mediated conversion of phosphatidylinositol triphosphate to inositol triphosphate
which causes the release of calcium from the sarcoplasmatic reticulum (15).
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To summarize, currently used tocolytics inhibit myometrial contractility through altering the
intracellular transduction pathways responsible for cell contraction, inhibiting the sythesis of
myometrial stimulants, or blocking the actions of myometrial stimulants. None of them,
however, can reverse the processes leading to activation of the myometrium during labor at
term or preterm.

Use of progestins to prevent preterm birth
Progesterone has been known to be important in maintaining pregnancy for more than 80
years, since the classic work of Corner, Allen (16) and Csapo (17). A large body of
experimental data available today demonstrates that progesterone exerts overall control on
both cervical ripening and myometrial contractility. Supplementation of progesterone or its
analogues seems, therefore, a very promising strategy for prevention of preterm birth.

Progesterone acts through both genomic and non-genomic pathways (18,19). The classic
genomic actions are mediated by the nuclear progesterone receptors that function as ligand-
activated transcription factors and modulate the expression of genes associated with
maintenance of pregnancy and initiation of labor (20). In contrast to this slow mechanism,
the non-genomic actions of progesterone are rapid and directly affect the functions of cells
by modulating intracellular signal transduction pathways (18). Different types of
progesterone receptors on plasma membrane have been identified recently, and are thought
to mediate these rapid actions of progesterone (18,20,21).

Antiprogestins induce ripening of the uterine cervix (22). Therefore, the cascade of events
leading to cervical ripening seems to be controlled at least in part by progesterone. In the
cervix, progesterone modulates the expression of various genes, including those involved in
regulation of epithelial and endothelial permeability and metabolism of components of the
extracellular matrix (23). Progesterone also inhibits the ripening process by suppressing the
production of proinflammatory cytokines and consequently reducing prostaglandins in the
cervix (24). The changes in collagen content in the cervix characteristic for the process of
cervical ripening can be assessed non-invasively by measuring the light-induced
fluorescence (LIF) of the non-soluble collagen (9). Recently we used cervical LIF to study
the effects of progesterone treatment on cervical ripening in rats. Subcutaneous (s.c.) and
transdermal administration of progesterone significantly delayed cervical collagen
degradation but did not completely suppress ripening (25). S.c. administration of 17 alpha
hydroxyprogesterone acetate (17-OH P), a synthetic progestin, also delayed cervical
ripening, although less effectively than did progesterone (Figure 1). This is in accordance
with the results of some clinical trials (discussed below) that observed an attenuation of
cervical shortening measured by ultrasound with intramuscular (i.m.) 17-OH P and vaginal
progesterone treatment (26.27).

Progesterone also inhibits myometrial activity by several mechanisms. It suppresses a
number of genes that are essential for effective uterine contractions, including genes for the
gap junction protein connexin 43, calcium channels, and oxytocin receptors, etc. (9). It also
up-regulates the relaxation mechanisms, such as the generation and action of cAMP and
cGMP (14). In addition, progesterone acts by functionally opposing estrogen, which
increases myometrial contractility (9). Treatment with onapristone (ZK-98299), a pure
antiprogestin, induces preterm delivery and increases the uterine electromyographic (EMG)
activity in rats (28) (Figure 2). In vitro studies of human myometrial tissue, demonstrated
that progesterone is able to directly suppress contractions and that this effect occurs within
30–60 minutes after addition to the muscle bath, therefore most probably by action on
membrane receptors (29). Interestingly, 17-OH P, which is currently the most commonly
used synthetic progestin clinically in the prevention of preterm birth, did not suppress
myometrial activity (Figure 3). This inability of 17-OH P to inhibit uterine activity has also
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been reported by others (30). Furthermore, although effective in inhibiting cervical ripening,
s.c. injections of 17-OH P did not delay delivery, whereas s.c. injections of progesterone
completely blocked delivery in rats (25). We conclude that, although partially effective in
delaying cervical ripening, 17-OH P has no effect on uterine contractility. In contrast,
progesterone is effective in suppressing both cervical ripening and myometrial activity.
Moreover, recent studies showed that s.c. progesterone blocked delivery even when
administered on day 18 of gestation in rats, i.e. after the cervix is already ripen and the
changes in progesterone receptors (described below) have already occurred (25). This
demonstrates the crucial role of myometrial inhibition in prevention of preterm delivery. The
initiation of human studies on effects of various progestins on uterine EMG activity, will
further address the question of myometrial inhibition by progestin treatment.

It should be emphasized that experimental support of the theoretical basis for using
progestins to prevent preterm birth is largely based on data from various animal models,
which do not entirely resemble the human regarding the role of progesterone in pregnancy.
Indeed, as a result of strong evolutionary pressures, physiologic mechanisms that initiate
labor vary largely among different species. In most mammals studied, progesterone levels
fall before the onset of labor and labor is indeed initiated by this withdrawal of progesterone
(31). In humans, however, the opposite occurs: placental progesterone production increases
with advancing pregnancy and progesterone levels remain elevated during labor and
delivery (32). Similarly, the amount of circulating progesterone is not reduced before the
onset of labor in some primates and in guinea pigs (31). Since studies in primates are
accompanied by difficulties of ethical and practical nature, guinea pigs have been proposed
as the optimal animal model for human parturition. Systemic and intrauterine administration
of progesterone and medroxyprogesterone acetate (MPA) did not prolong pregnancy in
guinea pigs (33,34). This obviously raises the question whether the effectiveness of
progestins in prolongation of pregnancy observed in other mammals is applicable to humans
at all. However, intrauterine administration of any drug, regardless of its progestational
potential, is likely to precipitate labor in guinea pigs due to their sensitivity to manipulation
of the intrauterine environment. What’s more, MPA does not seem to be the best candidate
for prevention of preterm birth, since it is a relatively low potent progestin, has androgenic
properties and was also unsuccessful in clinical trials (see below) (35,36). Most importantly,
despite the fact that labor occurs in the face of unchanged or even increasing serum
progesterone levels in humans, blockage of progesterone receptors reliably ends human
pregnancy (37,38). This suggests that a “functional progesterone withdrawal” may play a
role in initiation of parturition in women. There are several proposed mechanisms how this
functional withdrawal could be accomplished, including changes in progesterone synthesis
and metabolism within the fetal membranes and the decidua, and changes in post receptor
mechanisms (39). In addition, changes in expression of progesterone receptors immediately
preceding labor have also been demonstrated (18). Receptor changes contributing to the
onset of labor have been demonstrated also in species with actual progesterone withdrawal,
but treatment with progesterone blocks delivery even after these changes have already
occurred (25,40).

Therefore, progestins remain a candidate treatment for the prevention of preterm birth,
despite the fact that extrapolating information on actions of progesterone from animal
models may not be entirely appropriate. Animal studies also clearly indicate that route of
administration and vehicles are important considerations in treatment strategies.

In addition to basic science support for the use of progestins in pregnancy, there is also
substantial empirical evidence of their potential benefit from clinical trials. In the last 40
years, progesterone and its analogues have been administered to pregnant women in
attempts prevent preterm birth and miscarriage, but with variable success. Comparing these
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studies is extremely difficult because they differ in terms of formulation and dose of
progestin used, route of administration, and timing of progestin administration (41). Table 1
summarizes the randomized clinical studies on progestin treatment for prevention of preterm
birth published since 2003.

Formulations of Progestins—Progestins are available as natural (bioidentical,
micronized) progesterone and its synthetic analogues. Of the various formulations, only two
have generally been considered sufficiently safe and effective to be used for prevention of
preterm birth: progesterone and 17-OH P.

Natural (Bioidentical, Micronized) progesterone is manufactured in a laboratory from
chemicals derived from plants (Mexican wild yams and soy). It has a molecular structure
identical to that of the progesterone produced in humans by the corpus luteum in the luteal
phase of the menstrual cycle and during the first trimester of pregnancy and (following the
luteal-placental shift) in the largest quantity by the placenta. Micronized progesterone can
consequently be referred to as the natural, or the bioidentical, progesterone.

In the randomized clinical trials comparing progesterone to placebo for the prevention of
preterm birth, long-term infant outcomes were not evaluated (42–44). However, natural
progesterone is FDA-approved to support embryo implantation and early pregnancy, and
there have been no significant adverse effects from its use in pregnancy reported to date. It
should be noted that progesterone production by the placenta during pregnancy can reach
levels of about 500 mg/day at term (45).

The chemical 17-alpha-hydroxyprogesterone caproate (17-OH P) is an artificially made
caproate ester of 17-hydroxyprogesterone, a natural progestin produced during pregnancy in
much lower quantities than progesterone. It has been developed to produce longer-lasting
effects than would be available from progesterone itself (50). The half-life of 17-OH P is
approximately 7.8 days, as compared to approximately 35 to 55 hours for progesterone
(45,46). Today, 17-OH P is the most commonly used progestin in the prevention of preterm
birth. A survey of maternal-fetal specialists in the United States published in 2006
demonstrated that two-thirds of responding physicians prescribed 17-OH P for patients with
a history of prior preterm birth (47).

Physiologically, 17-OH P is thought to have similar effects to that of progesterone. To a
certain degree, this assumption is probably correct. For instance, both agents cause a
secretory transformation of the endometrium (48,49). However, there are also important
physiologic differences that should be considered when deciding which agent to use in the
prevention of preterm birth. As mentioned above, our group and others have demonstrated
that 17-OH P does not suppress myometrial contractility, whereas progesterone does (29,30)
(Figure 3).

There is evidence suggesting that the use of 17-OH P in pregnancy is safe. In the follow-up
of a single randomized trial comparing 17-OH P to placebo for preventing preterm birth,
there were no significant differences in the health and development of children at two years
of age (50). However, there are also some data from animal and human studies suggesting
that 17-OH P may cause fetal harm by fetal toxicity (not teratogenicity). In mice, there was
an increased fetal loss with 17-OH P compared to placebo (51). In rhesus monkeys, total
embryo lethality resulted following the administration of 17-OH P at both 1X and 10X the
human equivalent dose (52). Moreover, although not significant, there was an increase in
intrauterine fetal death among women receiving 17-OH P compared to placebo in the
clinical trial, whose follow-up has been mentioned above (53). An earlier meta-analysis of
17-OH P also showed a possible, again not statistically significant, increase in miscarriage
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with an odds ratio of 1.3 (0.61–2.74) (54). Further studies are needed in order to evaluate the
potentially increased risk of miscarriage and stillbirth associated with the use of 17-OH P.
There are also some concerns regarding the vehicle used for 17-OH P injections, namely
castor oil. Castor oil was reported to induce labor through release of prostaglandins (55). 17-
OH P is currently FDA pregnancy category D progestin, meaning that the FDA believes
there is evidence of fetal harm.

Route of Administration—While 17-OH P is given exclusively i.m., progesterone has
been administered by several routes in different studies: orally, i.m. and vaginally.
Transdermal supplementation of progesterone to prevent preterm birth has not been studied
in humans yet although it is common to use this route for application of steroids in humans.

The main advantage of oral administration of progesterone is its non-invasiveness and
consequent acceptability. However, absorption of oral progesterone is quite variable, and it
is rapidly metabolized by first-pass effect in the liver, which makes the oral administration
essentially ineffective (45). Moreover, side effects such as intrahepatic cholestasis,
sleepiness, fatigue, and headaches, are more common when progesterone is given orally
(41,44). Three randomized trials to date compared oral progesterone to placebo for
prevention of preterm birth. In the studies published in 1986 and 1991, oral progesterone did
not prolong gestation in patients treated for preterm labor (56,57). In 2009, in contrast, Rai
et al. reported a reduction in preterm delivery in women with a history of preterm birth who
received oral progesterone throughout pregnancy compared to placebo (58).

Effectiveness of i.m. injections of progesterone to prevent preterm birth has not been
evaluated in clinical trials. The reason for this is that daily i.m. injections would be required
to maintain therapeutic serum levels due to the relatively short half- life of progesterone.
This would make this intervention very invasive, especially if progesterone was to be given
by prolonged prophylactic administration to women at increased risk for preterm birth. 17-
OH P is a long-acting progestin, and can be administered once per week (46). Even with
weekly i.m. injections, however, side effects such as injection side pain, swelling, itching,
and bruising have been reported in up to one-third of treated women, and were more
common in the progestin group as compared to placebo (53).

The vaginal route of progesterone administration has been thought to be the preferred route
when focused effects on the uterus are desired. It is non-invasive and the only side effect
associated with vaginal progesterone reported in clinical studies was an increased vaginal
discharge (44). Following the concept of the liver first-pass effect after administration of
oral drugs, the term “uterine first-pass effect” was established in order to point out the
minimized systemic, but optimized uterine exposure after vaginal treatment with sex
steroids (59,60). De Ziegler et al. observed a 14-fold increase in the ratio of the endometrial-
to-serum concentrations of progesterone after vaginal (compared to i.m.) administration
(59,60). However, these studies were mostly done in postmenopausal women and not during
pregnancy. Volume, viscosity and pH of vaginal fluid and physical properties of vaginal
epithelium largely affect the absorption of vaginally administered drugs (61). All of these
factors are significantly different in pregnant women as compared to those after menopause.

In addition, the effectiveness of vaginal progesterone seems to depend significantly on the
vehicle utilized. Three randomized clinical trials in which progesterone was administered as
vaginal suppositories or capsules showed a reduction in preterm delivery (42,43,62). The
exact source of progesterone was specified only in one of these three publications. Fonseca
et al. used of 200 mg capsules of Utrogestan® (Besins International, Belgium), i.e.
progesterone in arachis (peanut) oil and soy lecithin (43). On the other hand, vaginal gel
(Crinone®, Columbia Laboratories, Inc., Livingston, NJ, USA) containing 90 mg of
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progesterone in a polycarbophil-based vaginal gelReplens® (Columbia Laboratories, Inc.,
Livingston, NJ, USA), was utilized in the two large studies which reported no benefit from
vaginal progesterone (44,63). Vaginal gel is claimed by some to have practical advantages
over the capsules or suppositories. It is thought to be easier to apply and it does not liquefy.
It is suggested, therefore, that it could cause less vaginal discharge, irritation, and infection.
Replens®, in particular, is thought to release progesterone slowly, which potentially results
in sustained levels of the hormone in the uterus. However, in addition to evidence from
clinical studies, our results indicate that progesterone in Replens® may not be as effective as
in other vehicles. For example, transdermaly administered progesterone in fish oil delayed
delivery in rats, while topical application of progesterone in Replens® did not (25) (Figure
4). This indicates that Replens® does not efficiently release progesterone. Furthermore,
measurement of serum progesterone levels supports these conclusions (Figure 5).

More data is needed before any formulation and route of progesterone administration for
prevention of preterm birth can be recommended over the others. Our study of various
progestin treatments emphasizes this. Only subcutaneous injections of progesterone and
transdermal administration of progesterone in fish oil (not in Replens®) delayed delivery
(25) (Figure 4). Notably, none of these routes has been used in clinical trials to date. On the
other hand, oral progesterone and vaginal progesterone administration, studied in humans so
far, did not have any effect on time of delivery (25). These studies clearly show that in
animal models progestins with different properties have varied effects and depend upon the
route of administration and vehicle.

Timing of Administration—Another reason why clinical studies of efficacy of progestins
in preventing preterm birth are difficult to compare is that participants included were
significantly different. The majority of randomized trials evaluated the prophylactic
supplementation of progestins in asymptomatic pregnant women at high risk for preterm
birth. Women were considered to be at high risk for several reasons, including past history
of spontaneous preterm birth or miscarriages, multiple gestation, short cervical length,
cerclage in place, and uterine anomalies. Earlier small trials using 17-OH P showed mixed
results. Some reported benefit from prophylactic treatment in high-risk singleton
pregnancies, whereas 17-OH P injections did not improve outcome in multiple gestations
and lower-risk patients (64–68). In 2003, two studies re-invigorated the interest in progestin
treatment for prevention of preterm birth. Meis et al. reported results of a large multicenter
trial of 17-OH P involving 463 women with a history of spontaneous preterm delivery (53).
Delivery at <37 weeks was reduced from 55% in the placebo group to 36% in the 17-OH P
group. Similar reduction was seen in delivery at <32 weeks, from 20% to 11%. Also in
2003, da Fonseca et al. published a trial of vaginal progesterone vs. placebo suppositories
administered to 142 women found to be at high risk due to a history of previous preterm
delivery, prophylactic cerclage placed or having a uterine anomaly (42). In >90% of
participants, the risk factor was previous preterm delivery. The rate of delivery at <37 weeks
in treated patients was 14%, significantly less that the 29% observed in the placebo group.
Delivery at <34 weeks was also lower in the progesterone group (3%) than in the placebo
group (19%). However, an intervention limited almost exclusively to women who already
delivered preterm is unlikely to have a substantial impact on the problem of preterm birth,
since only about 10% of spontaneous preterm births occur in women with such history (69).
As a result, further studies were performed to evaluate the use of progestins in pregnant
women with other risk factors. Twin pregnancies were the obvious next subject of
randomized trials, given the current epidemic of multiple gestations (70). Unfortunately, in
2007 Rouse et al. showed that treatment with 17-OH P did not reduce the rate of preterm
births among women with twins, which is in agreement with the results of an earlier study
published in 1980 (67,71). Recently, a large study of 500 women with twin gestation,
randomized to receive either vaginal progesterone or placebo, also showed no benefit of
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vaginal progesterone treatment in twin pregnancies (63). Patients who were found to have a
short cervix (<15mm) measured by transvaginal ultrasound, however, benefited from
vaginal progesterone administration (43). Da Fonseca et al. reported a reduction of delivery
at <34 weeks, from 34% in the placebo group, to 19% in the progesterone group. In 2009,
the largest randomized clinical trial of progesterone in prevention of preterm birth to date
was published. O’Brien et al. evaluated the effect of vaginal progesterone in women with
previous spontaneous preterm birth, and did not find any difference between vaginal
progesterone and placebo groups (44). However, further sub-analysis of the data from that
same trial was performed by DeFranco et al., which demonstrated that there may be a subset
of women with shortened cervical length (<28mm) for whom progesterone may have a
beneficial effect in prolonging pregnancy (72).

While many studies examined the effects of progestin prophylaxis in pregnancies considered
at high risk, there is substantially less data on progestin treatment of patients following acute
presentation with signs and symptoms of preterm labor. This is unfortunate, because the
majority of patients who deliver preterm do not have any risk factors (73). There are,
therefore, many apparently low-risk pregnant women who present acutely in preterm labor,
and the use of progestins to prolong pregnancy and improve outcome in these patients has
not been studied sufficiently. Between 1960 and 1991, four trials used progestins to stop
preterm labor, i.e. as a tocolytic (35,56,57,74). None of these showed any benefit in
prolonging pregnancy. Two studies used oral progesterone, one i.m. 17-OH P, and one i.m.
MPA. The only other reported use of MPA in humans for prevention of preterm birth was in
the study from Hobel et al. in which MPA was also ineffective as prophylactic oral
supplementation (36). Thus, it is impossible to generalize the results of the early trials of
progestin treatment for preterm labor because of their different designs. In 2007 Fachinetti et
al. reported a reduction of risk of preterm birth with the use of 17-OH P as twice weekly i.m.
injections in patients treated for preterm labor in which tocolysis was obtained with atosiban
(26). The latest study on progesterone use in patients presenting in preterm labor was
published in 2008 by Borna et al. They used large doses of vaginal progesterone and showed
that progesterone may be beneficial as a maintenance tocolytic, since it prolonged the
latency to delivery in the treatment group as compared to patients who received no treatment
(62).

To summarize, most clinical studies on progestin treatment for prevention of preterm birth
have been accomplished in patients with various risk factors who received prophylactic 17-
OH P i.m. or progesterone vaginally for several weeks. Since myometrial activation is an
acute event, this chronic supplementation of progestins is most likely to affect cervical
ripening alone. However, animal studies showed that only minor delay in the cervical
changes were observed following 17-OH P or progesterone application (25). Interestingly,
progesterone (not 17-OH P) injections completely blocked delivery even after the process of
cervical ripening was already completed. The main action must, therefore, be on the
myometrium to inhibit labor. The possible benefit of progesterone inhibition of myometrial
activity has, however, not been studied sufficiently in humans yet.

Discussion
Despite extensive research, we are still unable to effectively prevent preterm delivery. There
is evidence that supports the use of progestins for reducing the risk of preterm birth. Most of
the randomized clinical trials conducted so far have evaluated prophylactic progestin
supplementation in asymptomatic women throughout pregnancy. The rationale for this
prolonged use is the inhibition of cervical ripening. In fact, the process of gradual
remodeling of connective tissue in the cervix begins already in mid-pregnancy and is
suppressed at least in part by progesterone and 17-OH P. The use of these two compounds
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has been shown in some trials to be beneficial for preventing preterm birth in patients with
certain risk factors, such as previous preterm birth and short cervix.

Myometrial contractility is also suppressed by progesterone (but not 17-OH P). The use of
progesterone in patients presenting with signs and symptoms of preterm labor therefore
seems promising due to its ability to control both cervical ripening and myometrial activity.
The role of progesterone and other progestins in treatment of these patients has, however,
not been sufficiently studied yet.

We documented evidence that myometrial activity can be monitored accurately, objectively,
and non-invasively by measuring uterine EMG (75,76). This methodology can therefore be
extremely useful for obtaining the critically needed comparative data on effectiveness of
various progestin formulations and their routes of administration (77).

Abbreviations

cAMP cyclic adenosine monophosphate

cGMP cyclic guanosine monophosphate

17-OH P 17 alpha hydroxyprogesterone acetate

MPA medroxyprogesterone acetate

EMG electromyography
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Figure 1.
Bar graphs showing means ± SD of cervical light-induced fluorescence (LIF) obtained in
vivo from pregnant rats at different days of pregnancy and postpartum treated with
progesterone (P4), 17-OH P, or vehicle. A) Daily treatment with vehicle (controls) or P4 (4
mg, s.c.). Note that delivery is inhibited in the treatment group. B) Treatment daily with
vehicle (controls) or 17-OH P (10 mg, s.c.). Note that significant differences are only
observed until day 19 of gestation. From Kuon et. al. Am J Obstet Gynecol. 2010;202:455
e1–9.
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Figure 2.
Treatment with onapristone (ZK-98299) on day 16 of pregnancy induces preterm delivery
and an increase the EMG PS Peak frequency in rats. From modification of figures in Shi et.
al. Am J. Obstet Gynecol. 2008;198:235 e1–235.e4.
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Figure 3.
The effects of progesterone (P4) (top 3 traces) and 17-OH P (traces 4 to 6 from top) on
myometrial contractility. KCl was added to the baths just prior to termination of the
experiment. Note the inhibition of myometrial contractility with P4, but not with 17-OH P.
From Ruddock et al. Am J Obstet Gynecol 2008;199:391.e1–391.e7.
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Figure 4.
Shown is the time of delivery (= hours after 8 a.m. of day 22 of gestation) of pregnant rats
treated with vehicles (controls) and progestins by different routes of administration –
injections (s.c.; daily): vehicle: sesame oil; progesterone (P4) (4 mg); 17-OH P (10 mg);
vaginal (bid): vehicle: Replens®; P4 (15 mg, Crinone®); oral (bid): vehicle: sesame oil or
H2O; P4 (15 mg); transdermal (bid): vehicle: Replens® or fish oil; P4 (15 mg). Rats with
delayed parturition were sacrificed on day 25. Asterisks indicate P <0.05 compared with
controls. From Kuon et. al. Am J Obstet Gynecol. 2010;202:455 e1–9.
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Figure 5.
Plasma progesterone (P4) levels in pregnant rats on day 18 and 21 without any treatment
(controls) and on day 21 after treatment from day 18 until delivery with vaginal P4 (15 mg,
bid), s.c. injections of P4 (4 mg), topical P4 in fish oil (15 mg, bid). Asterisks indicate P
<0.05 compared with controls. Note the physiological P4 withdrawal from day 18 to day 21
in non-treated rats, that is prevented by s.c. and topical P4, but not by vaginal P4. From
Kuon et. al. Am J Obstet Gynecol. 2010;202:455 e1–9.
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