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A B S T R A C T

The principal difference between term and preterm labor is how they are activated. It

has been proposed that term labor results from physiological activation of the common

terminal pathway, whereas preterm labor is a pathological condition caused by multi-

ple etiologies that activate one or more of the components of this pathway. Increased

uterine contractility at preterm labor results from activation and stimulation of the

myometrium. Myometrium is stimulated by increased concentrations of prostaglandins

and oxytocin. Increased production of stimulatory prostaglandins by intrauterine tis-

sues is generally considered a central component of the cascade of events leading to

preterm parturition. Prostaglandins act to mediate cervical ripening and to stimulate

uterine contractions and indirectly to increase fundally dominant myometrial contrac-

tility by up regulation of gap junctions, oxytocin and arginine vasopressin receptors and

synchronizations of contractions. The authors tried to explain the role and influence of

oxytocin in human parturition, as well as the novel therapy in inhibiting the contrac-

tions in preterm labor. The selective oxytocin inhibitor was tested in vitro on human

myometrium and decidua by the author of this article among the first in the world.

Introduction

Term and preterm labor are consid-
ered to be fundamentally similar pro-
cesses except for the gestational age at
which they occur. They share a common
terminal pathway consisting of uterine
contractility, cervical dilatation and acti-
vation of the amniotic membranes. This
involves anatomical, biochemical, endo-

crinological and clinical events that occur
in the fetus and /or mother. The principal
difference between term and preterm la-
bor is how they are activated. It has been
proposed that term labor results from
physiological activation of the common
terminal pathway, whereas preterm labor
is a pathological condition caused by mul-
tiple etiologies that activate one or more
of the components of this pathway.
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Clinical and experimental evidence in-
dicate that preterm labor results from
four primary pathogenic mechanisms: ac-
tivation of the maternal or fetal hypotha-
lamic pituitary adrenal (HPA) axis;
amniochorionic-decidual or systemic in-
flammation; decidual hemorrhage; and,
pathologic distension of the myometrium.
Each of these four pathways has a dis-
tinct epidemiological and clinical profile,
and unique biochemical and biophysical
pathways initiating parturition, but sha-
res a common final biochemical pathway
involving myometrial activation and sti-
mulation, and enhanced genital tract pro-
tease activity promoting PPROM (pre-
term premature rupture of membranes)
and cervical change.

Increased uterine contractility at term
and preterm results from activation and
stimulation of the myometrium. Activa-
tion of myometrium starts with expres-
sion of contraction-associated proteins,
including connexin 43 as a key compo-
nent of gap junctions and synthesis of re-
ceptors for prostaglandins and oxytocin.
Myometrium is stimulated by increased
concentrations of prostaglandins and
oxytocin. Activation can be provoked by
mechanical stretch of the uterus and by
an endocrine pathway resulting from in-
creased activity of the fetal hypothala-
mic-pituitary-adrenal axis. Cortisol, de-
rived from the fetal adrenal in cases of
intrauterine compromise or from the ma-
ternal adrenal in response to stress, or
generated locally from cortisone in cho-
riodecidual trophoblasts, provides a cru-
cial link to uterine stimulation. Cortisol
contributes to the increased production of
prostaglandins (PG) by fetal membranes
and the decidua through the up regula-
tion of prostaglandin endoperoxidase H
synthase (PGHS) and the down regula-
tion of 15-hydroxy prostaglandin dehy-
drogenase (PGDH)1.

Increased production of stimulatory
prostaglandins by intrauterine tissues is

generally considered a central component
of the cascade of events leading to pre-
term/term parturition. During pregnancy
the levels of primary prostaglandins (pro-
staglandin E2 and prostaglandin F2� ) in
amniotic fluid and peripheral plasma are
quite low. During abortion in second tri-
mester the marked increase of amniotic
fluid of PGE2 and PGF2� levels are suffi-
cient for triggering abortion and are of
the same level as at the time of preterm
delivery2. Despite these finding many au-
thors are still searching for mechanisms
and differences in production and metab-
olism of prostaglandins in preterm labor.
In late eighties \elmi{3 published the
data on significantly increased arachido-
nic acid (AA) content in the placentas of
women with chorioamnionitis and pre-
term delivery compared to those of wo-
men with preterm delivery without cho-
rioamnionitis. At that time already it was
correctly supposed that intrauterine in-
fection is the important trigger for in-
creased substrate synthesis for further
prostaglandin production within placen-
tal tissue. The same other authors have
demonstrated increased arachidonic acid
levels in decidua, membranes and amnio-
tic fluid in preterm labor complicated
with intrauterine infection4.

In one third of spontaneous preterm
labours there is inflammatory infiltration
of the placenta, fetal membranes and /or
decidua with increased levels of the prod-
ucts of the lipoxygenase and cyclooxy-
genase pathways3. Bacterial organisms
themselves secrete phospholipases resul-
ting in increased release of arachidonic
acid (AA) from intrauterine tissues and
increased PG production. Alternatively,
bacterial endotoxin, such as lipopolisa-
ccharide (LPS) can act on amniotic or
macrophage membranes causing PG re-
lease, or further release of cytokines.
There are also increased levels of cyto-
kines interleukin-1 � and interleukin-8
including interleukin-1 � , interleukin-6,
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and tumor necrosis factor � in the amni-
otic fluid of women with infection. Stu-
dies on cytokines such as IL-1� and to a
lesser extent, TNF� decrease 15-hydroxy
prostaglandin dehydrogenase (PGDH)
mRNA activity in placental and tropho-
blast cells, and increase PG production. It
is also possible that cytokines cause re-
lease of other uterotonins, including
oxytocin (OT) but only in acute infections
and corticotrophin releasing hormone
(CRH) in: decidua, myometrium and/or
placenta.

Cytokines and eicosanoids appear to
be synergistic, and the net effect may be
to overwhelm the normal parturition cas-
cade, resulting in preterm labor. Prosta-
glandins act to mediate cervical ripening
and to stimulate uterine contractions and
indirectly to increase fundally dominant
myometrial contractility by up regulation
of gap junctions5, oxytocin and arginine
vasopressin receptors and synchroniza-
tions of contractions. Production and me-
tabolism of prostaglandins in human la-
bor is compartmentalized and differs
significantly in preterm labor compared
to term labor.

Prostaglandin Synthesis and
Metabolism within Fetal
Membranes, Decidua and Uterus

Primary prostaglandins, including
PGE2 and PGF2� are formed from obligate
precursor arachidonic acid (AA), which is
liberated from membrane phospholipids,
such as phosphatydil ethanolamine and
phosphatidyl inositol, through the ac-
tions of one or more isozymes of phos-
pholipase C (PLC) or phospholipase A2

(PLA2). PLA2 isozymes may include a lar-
ger-molecular weight (85–110 kD) cyto-
solic form (cPLA2) as well as the secretory
types (sPLA2), II, III extracellular 14-kD
forms and I. Millimolar concentrations of
calcium are required for activation of
sPLA2, whereas micromolar calcium con-

centrations are required for cPLA2

activity. The cytosolic PLA2 preferentially
hydrolyzes phospholipids with AA at the
sn-2 position; conversely, secretory PLA2

do not display any selectivity among fatty
acids at the sn-2 position.

The cPLA2 activity is highest in the fe-
tal membranes obtained either at term or
preterm in absence of labor6. Positive dif-
fuse cytosolic phospholipase A2 immuno-
staining was found in amnion epithelial
cells, in fibroblasts below the amnion epi-
thelial layer, and in chorion cytotropho-
blast. Skannal et al.7 found that cPLA2

activity in fetal membranes increase dur-
ing pregnancy and is highest in anticipa-
tion of labor, becoming depleted after la-
bor.

Net PG output in preterm labor de-
pends on increased activity of prostaglan-
din endoperoxidase H synthase type 2
(PGHS-2) mainly in chorion and altered
expression of chorionic 15-hydroxy-pros-
taglandin dehydrogenase (PGDH). In pa-
tients with idiopathic preterm labor, in
the absence of intrauterine infection, de-
creased immunoreactive ir-PGDH pro-
tein in chorion trophoblast cells was
found what correlated with decrease in
PGDH enzyme activity in the same group
of patients. In addition, a decrease in
ir-PGDH and PGDH mRNA expression
was found in chorion collected from
preterm deliveries associated with severe
infection in which there is a loss of tro-
phoblast cells. The possible explanation
for this finding was that in some patients
in preterm labor, without infection, a de-
ficiency in chorion PGDH would allow
passage of PGs, generated in amnion
and/or chorion, across the membranes,
and could be causal to the initiation of
preterm labor. In all these studies,
changes in PGDH activity in the chorion
correlated with changes in levels of
PGDH mRNA in the tissue. Thus, control
of the enzyme appears to be exerted in
part at the level of transcription. Further
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these changes in PGDH in chorion oc-
curred in the absence of any such change
in placental tissue form the same pa-
tients. PGDH activity and expression ap-
peared to be tissue specific.

There was found also a regional distri-
bution of PGDH activity in human fetal
membranes (Figure 1).

Because of increased synthesis in cho-
rion and amnion, and decreased metabo-
lism of PGs in chorion, the elevated PGE2

content is measured in amniotic fluid2,
amnion, chorion, decidua and myome-
trium, and PGF2� concentration increases
in decidua and myometrium. PGF2� en-
ters amniotic fluid because of decreased
PGDH activity in amniochorionic mem-
brane (Figure 1).

Oxytocin and Preterm Labor

Some of the controversial aspects of
the role of oxytocin in parturition may be
rationalized by recent research demon-
strating expression of the oxytocin gene

in peripheral tissues, which suggests a
paracrine or autocrine role rather than,
or in addition to, an endocrine role for
oxytocin in parturition. If the principal
actions of the oxytocin are in a paracrine
system, important changes may occur
without reflection in the maternal circu-
lation. This fact may modify conclusions
regarding the role of oxytocin in parturi-
tion that were made on the basis of as-
sessment of oxytocin solely as an endo-
crine factor.

The first suggestion that oxytocin syn-
thesis occurs in peripheral tissues was
made after measurement of high OT con-
centrations in ovine corpus luteal tissues,
and Chibbar et al. (1993)8 demonstrated
mRNA encoding oxytocin in human in-
trauterine tissues in late gestation, prin-
cipally in decidua but also in chorion and
amnion. The anatomical proximity of
these tissues to the presumed target tis-
sues – the endometrium and myome-
trium lends strong support to the hypoth-
esis of an intrauterine paracrine system
that regulates the timing of parturition.
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Fig. 1. PG synthesis and metabolism within fetal membranes, decidua and myometrium at preterm

labor. Arrows in bold show the key processes in initiation of preterm labor. PGEM/FM are metabo-

lites of PGE2 and PGF2� .



One of the most consistent findings in
the study of parturition in human is the
increase of OT receptors before the onset
of preterm and term labor9,10. OT recep-
tors are located in the cell membranes of
the uterine smooth muscle, and their
stimulation initiates myometrial contrac-
tion. The number of OT receptors increa-
ses dramatically in late gestation11,12, and
this process is likely the result of stimu-
lated gene expression, as there is a large
increase in detectable OT receptor mRNA
towards term. The trigger for this in-
creased gene expression is unknown, but
may be related to increased estrogen lev-
els in late gestation. The same prolifera-
tion of OT receptors occurs in myome-
trium also in preterm labor13.

In addition to the myometrial recep-
tors, OT receptors have been also found
in decidua, as well as in almost all other
reproductive tissues9,12–15. Their number
also increases with gestation. Decidual
OT receptors when activated with OT
produce prostaglandins in particular
PGF2� (Figure 2).

The locally produced PG may produce
de novo uterine contractions, through ac-
tions on prostanoid receptors on myome-
trial cells. In addition, they increase
myometrial sensitivity to OT by further
upregulating OT receptor production.
They also increase formation of myome-
trial gap junctions, further enhancing
uterine contractile ability. Oxytocin has
recently been shown to up-regulate
PGHS-2 (COX-2) and PGF2� synthesis in
endometrial cells16. Estrogens from pla-
centa induce synthesis of oxytocin (OT)
and arginine vasopressin (AVP) receptors
in myometrium and decidua11, and bind-
ing of these neuropeptides to their recep-
tors activates the inositol triphosphate
pathway. Progesterone appears to have a
positive effect on OT but a strongly nega-
tive effect on OT receptors, whereas es-
trogen appears to upregulate both (Fig-
ure 2).

Myometrial OT receptors belong to a
family of G protein-mediated receptors,
and are very similar to V1 and V2 vaso-
pressin receptors. V1 receptor for argini-
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Fig. 2. The hypothesized positive feedback loop between OTR and PG in decidua and myometrium

that are under stimulative influence of estrogens, CRH, DHEAS and proinflammatory cytokines.

The decidual response is to produce OT that stimulates OTR in decidua, and decidual response is

to produce PG in decidua, which, in turn, will increase synthesis of OTR in myometrium, and

decidua. Estrogen, CRH and DHEAS from placental tissue induce synthesis of PGR (prostaglan-

din receptor) and GJ in myometrium. Progesterone strongly inhibits the production of OTR.



ne vasopressin is also present in human
myometrium11. They stimulate uterine
contractions by causing an increase in
intracellular calcium. This is achieved by
two mechanisms: rapid mobilization of
calcium from sarcoplasmatic reticulum
(SR), and a slower, more sustained entry
of extracellular calcium through recep-
tor-operated membrane channels.

The mechanisms for opening of recep-
tor-operated membrane channels are not
well understood, but seem to be mediated
through G proteins. OT receptor is a clas-
sical membrane receptor with seven
transmembrane domains linked through
a G protein complex to a phospholipase
C–protein kinase C signal transduction
system. The coupling proteins include � q
and � 11 subunits. Within seconds of OT
stimulation, there are markedly higher
intracellular concentration of inositol tri-
phosphate and Ca2+. The higher Ca2+ and
calmodulin increase myosin light chain
kinase, which catalyses the contraction
response through activation of contrac-
tion-associated protein (CAP) expres-
sion17. CAP expression is dependent on
degree of the stretch of human myome-
trium and the increased stretch leads to
increased number of gap junctions and
increased levels of mRNA encoding con-
nexin 43 (gap junction protein) as well as
OT and PGF receptors in myometrium.

This rapid response mechanism, to-
gether with a swift influx of extracellular
calcium, is also believed to be responsible
for the generation of prostaglandins in
uterine tissues, stemming mainly from
the calcium-dependent activation of phos-
pholipase A2 and the provision of the pro-
staglandin precursor arachidonic acid18.

Recent evidence, however, indicates
that oxytocin may also activate, in a cal-
cium-independent fashion, alternate sig-
naling pathways involving mitogen-acti-
vated protein kinase (MAPK) in myome-
trial cells. Such a signal transduction
mechanism has been shown to mediate a

variety of cellular events, leading to the
expression of various genes and the syn-
thesis of new proteins. The MAPK cas-
cade has been implicated in the induction
of cyclooxygenase-2 (COX-2) in macro-
phages, in response to stimulation with
inflammatory lipopolysaccharide19.

Pharmacological Tools in Preterm
Uterine Contraction Inhibition

Available tocolytic drugs such as � -mi-
metics20, calcium channel blockers, mag-
nesium sulphate20 and PG synthase in-
hibitors, have multiple side effects that
are major drawbacks for the manage-
ment of preterm labor.

Today it is readily apparent that there
are distinct receptors for OT and arigi-
nine vasopressin (AVP) in the pregnant
and parturient uterus as was previously
assumed in binding sites. Only a limited
number of binding studies support the
notion that human preterm labor could
be associated with premature OT-recep-
tor gene expression during pregnancy.

The use of an OT antagonist is a novel
strategy for the management of preterm
labor, with fewer potential side effects
due to bioselective nature. Atosiban (1-
deamino-2-D-Tyr-(OET)-4-Thr-8-Orn-oxy-
tocin), a peptidic OT-receptor antagonist
was in vitro tested first in 1987 by Aker-
lund21. During (1988) and Ivani{evi}
(1989) performed studies with this com-
pound and Fuchs14 and it was found that
it is a highly selective and specific OT an-
tagonist in preterm myometrium and de-
cidua for OT binding sites. At that time
was already clear that main result of this
inhibition of OT binding sites on mem-
branes of preterm myometrium might be
inhibitions of uterine contractions in vi-
vo. In decidua atosiban inhibition of OT
to bind to its specific binding sites might
result in inhibition of phosphoinositol
metabolism in the cell membrane and de-
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crease the influx of PGF2� into the myo-
metrium.

In vivo, when atosiban is infused in-
travenously at 300 � cg/min, a steady
state concentration is reached after one
hour, with an elimination half-life of 18 �
3 min. Until today a number of random-
ized, placebo-controlled trials with ato-
siban were reported. Atosiban infused in-
travenously was shown to have clinical
advantages over current tocolytic agents.
When � -agonists are administered, they
usually start at low concentration and in-
crease the dose if the contractions remain
whereas the opposite applies with ato-
siban, where the infusion starts with a
bolus dose and then 300 � cg/min infusion
followed by 100 � cg/min, so actually one

gives progressively less atosiban with ti-
me for same effectiveness. Although ato-
siban was comparable to � -agonists in de-
laying delivery22,23, safety outcomes for
mother and fetus were substantially im-
proved with atosiban, and neonatal out-
comes were similar. Hence, atosiban
shows promise as a selective tocolytic
agent for prevention of preterm birth at
least in those where the etiology of pre-
term labor is not primarily infection.

The development of OT antagonists,
as well as of other pharmacological
agents that could influence this paracrine
network, affords an opportunity to de-
velop new strategies to treat or prevent
preterm labor and its potentially expen-
sive and tragic consequences.
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ULOGA PROSTAGLANDINA I OKSITOCINA U PRIJEVREMENOM
PORODU

S A @ E T A K

Porod u terminu rezultat je fiziolo{kih promjena koje su neophodne za njegovu akti-
vaciju i progresiju, dok je prijevremeni porod patolo{ko stanje izazvano brojnim etio-
lo{kim faktorima koji sudjeluju u aktivaciji jedne ili vi{e komponenti kaskade poroda.
Poja~ana kontraktilnost uterusa rezultat je upravo aktivnosti i stimuliranosti mio-
metrija. Miometrij je stimuliran zbog pove}ane endokrine i lokalne koncentracije pro-
staglandina i oksitocina u reprodukcijskim tkivima a upravo autokrina i parakrina
funkcija ovih hormona je klju~na za nastanak prijevremenog poroda. Prostaglandini
posreduju u sazrijevanju cerviksa, stimulaciji kontrakcija uterusa, indirektno poja~a-
vaju kontrakcije maternice koje nastaju u fundusu uterusa pove}avaju}i stvaranje
me|ustani~nih spojnica, nadalje poti~u nastanak receptora za oksitocin i vazopresin u
miometriju i decidui te sinhroniziraju kontrakcije uterusa. Autori ovog rada prikazali
su ulogu i utjecaj oksitocina u porodu, te po prvi puta u hrvatskoj literaturi progovorili
o selektivnom inhibitoru oksitocina ~ija svojstva vezivanja za oksitocinski receptor u
miometriju i decidui su me|u prvima u svijetu i sami testirali in vitro.

694

M. Ivani{evi} et al.: Prostaglandin and Oxytocin Activity, Coll. Antropol. 25 (2001) 2: 687–694


