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Regular Review

Prostaglandins in human reproduction

M P EMBREY

Prostaglandins undoubtedly play a major part in reproduction,
including the control of parturition, and are now believed also
to be concerned in many other vital processes, but their
precise functions are not fully understood. Nevertheless, much
is known; and the prostaglandins are now widely used. Current
clinical applications include prelabour cervical priming as well
as induction of labour, termination of first and second tri-
mester pregnancy, and management of abnormal pregnancy.
The prostaglandins are hormone-like compounds. They

differ from classical hormones in being synthesised and
released locally on demand from precursor fatty acids and are
rapidly inactivated and metabolised in the blood stream.
Within cells they are thought to exert their effects by changes
in cyclic AMP; release of calcium ions may be important in
some target tissues, including the myometrium.
The naturally occurring prostaglandins are a group of at

least 14 related compounds, each a 20-carbon hydroxyfatty
acid possessing a five-carbon ring and two side chains. Pros-
taglandin chemistry and nomenclature are complex, but of the
naturally occurring prostaglandins only two, prostaglandin
E2 (PGE2) and prostaglandin F2- (PGF2.), are clinically
important in reproduction. Biosynthetic and metabolic path-
ways need not be considered here except to observe that some
of the endoperoxide precursors are physiologically active and
that two recently discovered related compounds, prostacyclin
(PGI2) and thromboxane A2, are powerful regulators of blood
clotting. The activity of prostaglandins may be modified by
substitution of artificial groups in the molecule (for example
15-methyl- or 16: 16-dimethyl-groups), resulting in analogues
resistant to degradation or more specific in action; some
already show promise in clinical use.
The therapeutic uses of the prostaglandins in labour and

abortion depend on three properties. Firstly, they are
strikingly uterotonic, stimulating or augmenting uterine
contractions. Despite contradictions in very early work, both
PGE2 and PGF2- stimulate contractions, PGE2 being some
five times more potent than PGF2-. Secondly, the prosta-
glandins are responsible for the structural alterations in its
connective tissue which soften and "ripen" the uterine cervix.
A third possible role as a luteolytic agent, inhibiting the corpus
luteum and preventing production of progesterone, has been
substantiated in animals but remains unproved in man.
The prostaglandins are also concerned in other reproductive

functions including ovulation and the control of menstruation,
so that their clinical uses seem likely to be extended. In other
instances (for example, dysmenorrhoea, thought to be due to
accumulation of endometrial prostaglandins) there is a place
for non-steroidal, anti-inflammatory drugs which are "prosta-
glandin synthesis inhibitors." The use of prostaglandin
inhibitors in premature labour is more controversial; there is a

potential risk that the fetus could be compromised since
patency of the ductus arteriosus is believed to be maintained
by endogenous prostaglandins.
The prostaglandins were first used clinically by intravenous

infusion to induce labour in 19681 2 and to induce abortion in
1970.3 4 As it became apparent that intravenous administra-
tion, especially in the high concentration needed for abortion,
caused unpleasant side effects (notably vomiting and diar-
rhoea), this route has since been largely superseded, with
varying degrees of success, by alternatives including oral,
intramuscular, intrauterine (extra-amniotic or intra-amniotic),
and vaginal administration.

Induction of labour and cervical ripening

The early studies of induction of labour using intravenous
prostaglandins showed the effectiveness of the method and
established dose ranges. Initial comparisons with orthodox
oxytocin infusion produced conflicting views,5 but continuing
experience showed that generally prostaglandins were no more
effective than oxytocin-except in patients in whom the
cervix was unripe6 (see later). Early fears that prostaglandins
would produce hypertonus and fetal distress more often than
oxytocin have not been clearly substantiated.7 The chief
disadvantage of the method is the frequency of gastrointestinal
side effects, and as a result oral, vaginal, and intrauterine
(extra-amniotic) routes of administration have been explored
in recent research studies.
The convenience of oral treatment makes it attractive, but

it is generally less effective than other routes of administration.
The necessary systemic absorption produces troublesome side
effects, which with PGF2. are severe. Oral tablets of PGE2 are
available and are usually prescribed at a dose of 0.5 mg
hourly (increasing step-wise to 2 mg) and combined with
amniotomy. Gastrointestinal side effects occur in about one-
fifth of patients, and vomiting reduces the likelihood of success-
ful induction (especially in primigravidae, who require higher
doses). The usefulness of the method is chiefly in multiparae
with favourable induction prospects.8
The most recently identified obstetric use of the prostaglan-

dins is that of "priming" or "ripening" (that is, softening and
effacing) the cervix-in practical terms an important develop-
ment. Though the ripening effect was commented on in some
early clinical studies,2 many assumed that it was the indirect
result of induced uterine contractions. Now there is increasing
evidence that prostaglandins, especially PGE2, bring about the
structural alterations in the connective tissue of the cervix
accompanying ripening which are a necessary prelude to
progressive labour and delivery.9 10
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The prognosis in induced labour is governed primarily by
the degree of ripeness of the cervix, best expressed in a
Bishop score or "inducibility" score."1 When the cervix is
unripe (long, tightly shut, and rigid) labour is difficult to
establish and it may "fail to progress" or be prolonged, often
resulting in a high caesarean section rate and a poor outcome
for mother and fetus.12

Prospects can be much improved by ripening of the cervix
with prostaglandins before induction. Latent-phase cervical
effacement and dilatation are achieved with little or no distress
to the patient, with intact fetal membranes, and without
jeopardy to the fetus. Local administration is best; the
technique first used (in 1976) was extra-amniotic administra-
tion through a transcervical catheter of PGE2 in a methyl
cellulose gel the night before planned induction.12 Assessment
of this method in 121 primigravidae with unripe cervices
(inducibility score 0-3) showed that one-fifth laboured without
further intervention, while in the remainder labour was
shorter, the caesarean section rate was halved, and fetal well-
being improved compared with a control group.

Soon, however, essentially similar benefits were being
obtained by the simpler non-invasive technique of vaginal
administration of PGE2 gel.'3 In a group of 168 primigravidae
the instillation of PGE2 gel resulted within half to 2 hours
in backache and uterine contractions of mild intensity (re-
curring at one to three minute intervals and not exceeding
40 mm Hg pressure), persisting for four to five hours and then
waring or else progressing to established labour. With PGE2
5 mg the cervical score improved in 88% while 49%0 began
labour before planned induction. There were no maternal or
fetal side effects.13
As the method was extended to primigravidae and multi-

gravidae with Bishop's scores in all ranges the results showed
that as the pretreatment cervical score increased so did the
proportion of patients labouring during priming, while the
average duration of labour decreased, the frequency of spon-
taneous vaginal delivery increased, analgesic requirements
diminished, and caesarean section was less often required.
These benefits were greatest when labour followed priming
without the need for formal induction-which occurred in
about 400,'0 of primigravidae with an unripe cervix rising to
90%0 in multigravidae with a favourable cervix.14
The value of preinduction ripening of the cervix with

vaginal PGE2 has since been confirmed in a much wider
experience; an alternative to the gel is the use of glyceride-
based or other simple pessaries prepared in hospital pharma-
cies.'5 16

Differences in patient selection, treatment protocols, and
criteria for success make comparisons of induction studies
difficult. Nevertheless, in one representative study using 3 mg
pessaries of PGE2 43%0 of the 110 primigravidae with Bishop
scores of 0-4 laboured after a single priming pessary without
formal induction while the remainder received a second
pessary. There were six failed inductions. In multigravidae
when the cervix was ripe (Bishop score >>4) 90%0 laboured
without additional measures.'6 In another trial, when induci-
bility scores were favourable, pretreatment with PGE2
pessaries (5 mg in primigravidae, 2-5 mg in multigravidae) was
followed by amniotomy in three hours. Successful labour and
delivery ensued in about 80o/ of multigravidae and 60% of
primigravidae without the need for oxytocin infusion; further,
there was a reduced requirement of epidural analgesia and the
incidence of postpartum haemorrhage was lowered.'6
While there have been no control studies, the cervical

ripening method has been used successfully in many patients

previously delivered by caesarean section and in those with
breech presentation, in whom the promotion of the effacement
and dilatation of the latent phase of labour with intact mem-
branes may have merit.'5 Most authors have not considered it
necessary to monitor "low risk" and uncomplicated cases, but
continuous monitoring (at least for the first four to five hours)
would seem prudent for patients in whom insufficiency is
suspected.14 15
The evidence from all these published data points to the

relative safety of the method and its freedom from adverse
effects. Because priming doses are low, gastrointestinal
symptoms are very uncommon (less than 1%), as is any
thermogenic effect. Uterine hypertonus is likewise rare, while
if it occurs fetal distress is not always evident.

Nevertheless, while the value of vaginal prostaglandins in
ripening the unfavourable cervix when labour needs to be
induced may be considered well established, their use for
routine induction of labour is perhaps more controversial. The
method is gaining in popularity, for it offers important benefits
in patient acceptability and ease of management for medical
personnel. Labour tends to be more natural than after formal
induction, analgesic requirements are reduced, and both
women in labour and nursing staff appreciate the likely
avoidance of intravenous oxytocin infusion and the immobility
it entails, while permitting patients to walk about during early
labour may actually hasten delivery.
The prostaglandin cervical priming method would be still

more widely used were a conveniently packaged product
available. Unfortunately, in the current simple formulations
PGE2 does not possess adequate long-term stability and this
has prevented development of a commercial product. This
lack has prompted the use in some units of oral tablets of
PGE2 by the intravaginal route.'7 An additional practical
problem is that dissolution and absorption of the available
products are rapid (within two to four hours), with the
possible risk in some multiparae of unduly rapid labour. A
recent report of induction of labour using a novel polymer
vaginal device suggests that these drawbacks can be resolved
to provide a stable delivery vehicle giving controlled sustained
release of PGE2.'8 Such a development would be welcome,
for on grounds of efficacy, safety, and acceptability vaginal
PGE2 seems likely to be used increasingly for cervical ripening
as a prelude to formal induction or as an alternative procedure
which may make induction unnecessary.

Other obstetric uses

The management of fetal death in utero has been much
simplified by the prostaglandins, which now provide safe
and effective means of emptying the uterus in missed abortion
or intrauterine death near term and also in cases of hydatidi-
form mole and anencephaly. Intravenous infusion or extra-
amniotic injection may be used, but equally good results
follow simple vaginal administration of PGE2 in gels or
pessaries.'9 High dosage, as in one series,20 provokes gastro-
intestinal irritation, but if dosage is related to gestation and
the size of the uterus, side effects are not troublesome.

Termination of pregnancy
Despite their potential as fertility-regulating agents, the

prostaglandins have not yet fulfilled all their promise.
Experience has so far fallen well short of expectations in
relation to termination of early pregnancy. Prostaglandins have,
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however, established a place in the termination of second
trimester pregnancy, and in many units they are used to the
exclusion ofalternative methods.

Second trimester terminations-The shortcomings of the
natural prostaglandins (PGE2 and PGF2.) as abortifacients
are related to their rapid inactivation and the degree of gastro-
intestinal irritation caused by systemic absorption. Early
studies showed that intravenous treatment for abortion
requires high dosage (five times that required for induction of
labour) and causes unacceptably severe vomiting and diarrhoea,
while oral treatment is ineffective. Vaginal administration also
results in prominent side effects and is not consistently
successful.

Fortunately, however, the prostaglandins act locally and are
effective when given by the intrauterine route. This was first
achieved by the simple technique of extra-amniotic instillation
using a catheter introduced just through the cervix, and later
by intra-amniotic injection through the abdominal wall. The
latter was promoted as a "one shot" method, but a large
experience of treatment with intra-amniotic PGF2, has shown
that, for an acceptable level of efficacy (900/0 or more abortions
within 48 hours; mean abortion time less than 24 hours), an
injection of 25 mg frequently needs to be repeated, while if
the initial dose is increased to 40-50 mg gastrointestinal side
effects are severe.5 21 Because of its limited availability intra-
amniotic PGE2 has been used less widely, but several studies
have shown its effectiveness, the administration of 20 mg, or
10 mg repeated in six hours, giving a high success rate with
relatively few side effects.5 21
The extra-amniotic method is comparable in efficacy with

the intra-amniotic route. Two hourly instillations of PGE2
200 Htg (or PGF2. 750 ,ug) or equivalent amounts by continuous
infusion results in abortion within 48 hours in some 9000 of
patients.22 23 In 1975 it was shown that the extra-amniotic
administration of PGE2 1-5-3 mg in a viscous methyl cellulose
gel provides a more prolonged effect, limiting or eliminating
the need for frequent or continuous injection and gives
equivalent results.24 Nowadays this is the method commonly
used. Because the dosage is low the incidence of gastro-
intestinal effects is lower with extra-amniotic than with other
routes of administration, while the theoretical risk of infection
has in practice not proved a hazard.
To shorten abortion times prostaglandins may be used in

conjunction with other methods such as the intra-amniotic
injection of hyperosmolar saline or urea solutions,25 or
laminaria tents (advocated particularly in the United States).
Alternatively, abortion can be accelerated by using the
enhancement effect of intravenous oxytocin (100 mU/min).26
Intra-amniotic hypertonic solutions carry a risk of serious
adverse effects-for example, hypernatraemia or consumptive
coagulopathy-and are probably best reserved for ensuring
lack of fetal viability in gestations of 20 weeks or over.
Though prostaglandin analogues are not available in

Britain except for investigations, several have been evaluated
clinically and the PGF2. analogue 15-methyl PGF2. has been
widely tested in other countries. Longer acting than the parent
compound (because the 15-methyl-group inactivates the
dehydrogenase enzyme responsible for the first and most rapid
step in prostaglandin metabolism), it has the merit that a single
intra-amniotic injection of 2-5 mg27 28 or a single extra-
amniotic administration of 1 mg28 29 usually suffices, but side
effects are unfortunately troublesome. While repeated intra-
muscular injection is effective, the accompanying severe
gastrointestinal side effects are generally unacceptable.30
The analogue has also been administered per vaginam (1-1-5
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mg three hourly) in glyceride-based pessaries.31 Its high efficacy
(resulting in about 900' abortions in 30 hours) is again marred
by the high level of gastrointestinal symptoms. Moreover,
these success rates were not substantiated when a single
"longer acting" Witepsol pessary was used,32 while incorpora-
tion of the agent in a silastic vaginal device did not provide the
expected controlled, sustained release and gave disappointing
results.33 3 Equally or more effective, yet causing many fewer
side effects, the 16:16-dimethyl-PGE2 analogue and its
semicarbazone ester would have great potential were it not for
their lack of stability.35 Improved products may be forth-
coming. Meantime, the vaginal route remains an attractive
goal because of its non-invasive nature, though in mid-
pregnancy a considerable proportion of incomplete abortions
occur (40-700 ) requiring evacuation.

First-trimester termination-Most first trimester abortions
are dealt with surgically by vacuum aspiration and generally
complications are few, but potential risks from injury and
haemorrhage are associated with rapid mechanical dilatation of
the cervix. With the aim of reducing these problems and-
possibly-the risk of premature delivery from cervical in-
competence in a subsequent pregnancy, prostaglandins may
be administered not to induce abortion but for their cervical
"priming" effect before surgery. Endocervical administration
of PGE2 gel and intravaginal PGE2 in a pessary36 have both
been used, but the most promising results have come from one
of the newer PGE analogues either in a vaginal suppository37
or intramuscularly.38 Such methods are likely to be used more
frequently as these newer preparations become available.

Early investigators prophesied an important place in
fertility regulation for the prostaglandins when used to induce
menstruation or prevent or interrupt early pregnancy through
luteolysis or interference with implantation by effects on
uterotubal contractility. At this early stage of pregnancy
abortion may be almost indistinguishable from normal
menstruation, and, provided bleeding is not unduly prolonged
and pain and side effects are kept to a minimum, the method
has great potential.
To date, however, the luteolytic effect in women has not

been substantiated and the attainment of the expected ob-
jectives has proved elusive. Yet the prospect of a simple, safe,
non-invasive, chemical method for early abortion remains a

major goal, and recent research has concentrated on the
development of vaginal pessaries containing newer prostaglan-
din analogues.
Though the natural prostaglandins are effective by trans-

cervical intrauterine injection the results have been disappoint-
ing when they are given vaginally. Nevertheless, vaginal
treatment became practicable with the synthesis of prostaglan-
din analogues which, by resisting metabolic degradation, have
enhanced potency and longer action or show greater specificity
of action, so causing fewer side effects. The new compounds
have been administered in cellulose derived gels or simple
lipid-based pessaries (usually three to four hourly) with a

degree of success, though clinical trials have shown that not
all the problems have been resolved. For example, while the
uterotonic potency of the PGF2, analogue 15-methyl-PGF2a
(the most widely tested analogue) is high, the severity of
gastrointestinal side effects limits its clinical applicability.39 40
More selective in action, the 16-16-di-methyl-PGE2

analogue and its semicarbazone ester are, at least, equally
effective and cause fewer adverse effects when given in
repeated vaginal pessaries35 40 and would have considerable
clinical impact were it not that problems of chemical insta-
bility have hampered commercial development. The same lack
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of stability affects other recent PGE derivatives which have
shown clinical promise. One of these, 16-phenoxy-o-tetranor-
PGE2, has given encouraging results by the intramuscular
route,4' the other 16:16-di-methyl-trans- A2-PGE1 when
administered vaginally.42

Current research is seeking to overcome the disadvantages of
the products available. The instability of PGE2 and PGE
analogues may be resolved by the employment of improved
gels43 or by new sustained-release vaginal delivery systems.'8
The development of such devices would undoubtedly promote
the use of vaginal PGE2 in the induction of labour on a much
wider scale and might be expected to result in better pro-
staglandin products for use in the termination of early preg-

nancy and menstrual induction. A prostaglandin analogue with
an appreciable luteolytic effect in women remains an actively
pursued research goal, while other derivatives exhibiting
greater specificity of action and therefore fewer side effects are
being sought in pharmaceutical laboratories. These and other
related research developments may be expected to extend to
the range of the clinical uses of these remarkable compounds in
obstetrics and gynaecology.
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