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Relationship between Concentrations of Maternal Plasma
Oestrogens and Progesterone and Response to Artificial
Rupture of Membranes
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British Medical Journal, 1974, 3, 767-769

Summary

The concentrations of oestradiol-173, oestriol, and
progesterone were measured in the plasma of 100 patients
at the time of induction of labour by artificial rupture of
membranes. There was no statistically significant
difference in the hormone concentration or in the ratio
of oestrogens to progesterone between patients who went
into labour after rupture of the membranes and those
who did not. Nor was there any significant difference in
the hormone values between oxytocin-sensitive and
oxytocin-insensitive patients.

Introduction

In a recent review Liggins (1973 a) put forward a theory
concerning the integrated action of the steroid hormones of the
fetal adrenal and the placenta in the onset of labour. Using the
sheep as a model it was shown that before the onset of labour
there is an increase in fetal cortisol production which triggers a
sharp rise in oestradiol-17 f and a fall in progesterone concentra-
tion. These steroid changes cause the release of prostaglandins
from the maternal decidua, resulting in myometrial contractions.
This theory is supported by much experimental evidence,
mainly in sheep and goats, but it has always been difficult to fit
the observed facts about human labour to this animal model.
The belief that the onset of labour is conditioned by a decline
in placental progesterone production has long been advocated
by Csapo and was given fresh impetus by a recent publication
(Csapo et al., 1974). The introduction of radioimmunoassay
techniques has opened new possibilities to investigators in this
field but has not established the facts. Thus Shaaban and Klopper
(1973) found no consistent change in the concentrations of
oestradiol-173, oestriol, or progesterone before the onset of
labour while Turnbull et al. (1974) in a similar study concluded
that labour was indeed preceded by a fall in progesterone and a
rise in oestradiol. Nor have indirect observations resolved the
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argument. Pinto et al. (1964) first claimed that raising the
concentration of oestrogens by administering oestradiol would
precipitate labour, but Klopper (1973) in a series of therapeutic
trials was unable to show any effect of oestrogens on myometrial
contractility. In an attempt to seek fresh evidence on the relation
between oestrogen and progesterone concentrations and
myometrial contractility we measured the steroid concentration
in a group of women immediately before artificial rupture of
membranes.

Patients and Methods

The subjects of this investigation were 100 consecutive patients,
38-41 weeks pregnant, who were scheduled for induction of
labour by artificial rupture of membranes. The hospital routine
is that membranes are ruptured around 7 p.m. and those who
are not in established labour by 7 a.m. the next morning are
started on an intravenous oxytocin infusion. The total amounts
oxytocin required to start labour and to effect delivery were
noted. Immediately before rupturing membranes 20 ml of
venous blood was drawn and placed in a heparinized container.
The red cells were removed by centrifugation as soon as possible
and the plasma stored at -20°C until the hormone assays could
be done.

Plasma oestradiol- 17 f was assayed by the method of Hotchkiss
et al. (1971) using an antiserum raised in rabbits against 17p-
oestradiol-6-(o-carboxymethyl) oxime-bovine serum albumin.
Unconjugated oestriol was assayed as described by Wilson
(1973), using an antiserum raised in sheep against oestriol- 16, 17,
-dihemisuccinate linked to bovine serum albumin. Progesterone
was assayed by a competitive protein binding technique similar
to that reported by Johansson (1969).

Results

One patient had a caesarean section because of the findings at
rupture of the membranes, and in a second an oxytocin infusion
was set up immediately after rupture of the membranes. The
hormone assays from these two patients were discarded. In the
remaining 98 patients labour started within 12 hours in 57
patients, and 41 required oxytocin infusion. The mean steroid
values in the two groups are shown in table I.
There were no significant differences betweenthe twogroups-

that is, none of the steroid levels gave any indication whether
patients would go into labour after rupture for membranes or
would require further stimulation by oxytocin. The mean
(5: S.D.) oestradiol: progesterone ratio for patients who needed
oxytocin infusion was 0-1537 ± 0-076 and that for the patients
who did not need oxytocin was 0 2062 ± 0-135.

TABLE i-Steroid Values in Patients who needed Oxytocin after Rupture of Membranes and those who did not

Mean ( ± S.D.) Hormone Concentration

Unconjugated Oestradiol
(ng/ml)

20-71 ± 7 70
22-70 ± 8-13

767

Progesterone
(ng/ml)

131-69 + 41-18
128-93 ± 50-97
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TABLE II-Steroid Levels in Patients delivered without Oxytocin

Mean ( + S.D.) Hormone Concentration

No. Unconjugated Oestriol Unconjugated Oestradiol Progesterone
(ng/ml) (ng/ml) (ng/ml)

Spontaneous delivery 45 27-04 + 8-83 22-83 8-13 128-40 + 50 97
Operative delivery 12 27-79 + 11-12 22-19 + 8-58 131-00 + 30-42

TABLE iII-Steroid Levels in Patients given Oxytocin before Delivery

Mean ( + S.D.) Hormone Concentration

No.

Spontaneous delivery
Operative delivery

26-20 + 7-02
29-05 + 11-67

20-21 + 8-27
21-05 + 7-18

130-31 + 40 04
132-43 + 42-34

Though there was some suggestion of oestradiol dominance
in the group which reacted favourably to the stimulus of the
rupture of membranes the difference in ratio between the two
groups was not statistically significant. Neither the actual
concentrations of oestrogens and progesterone nor their relative
balance indicated who would require oxytocin and who would
not.
The data were examined to see whether the steroid levels at

rupture of the membranes gave any indication of the likelihood
that the labour might require operative interference. In this
context both caesarean sections and forceps deliveries were
taken together as operative deliveries. Neither in the group which
had oxytocin nor in the group delivering without oxytocin was
any particular steriod level associated with operative or spon-
taneous delivery (tables II and III). Naturally some caesarean
sections and many forceps deliveries were done for reasons not
connected with the expulsive powers of the uterus and there is
no reason in terms of the hypothesis under examination to
suppose that they would be associated with steroid levels
different from women having spontaneous deliveries. When the
patients undergoing operative delivery were reduced to those in
whom the indication for operation was strictly inadequate uterine
contractions very few patients were left in either group. There
were only four such patients in the non-oxytocin group and six
in the oxytocin group, and in neither case did the mean steroid
values differ significantly from the corresponding mean levels of
patients having spontaneous deliveries.
The insidious nature of the onset of uterine contractions in

some patients makes it difficult to determine the length of labour,
but the induction-delivery interval can always be measured
accurately. Of course this interval is influenced by oxytocin or
operative delivery so that the most meaningful figures are those
from the 45 patients who had a spontaneous delivery without
oxytocin. In this group the correlation coefficients between
steroid concentration and induction-delivery interval were:
oestriol 0-1826, oestradiol 0-1035, and progesterone -0-0632.
Clearly there was no association between the steroid level and
the induction-delivery interval. When the oestriol:progesterone
ratios rather than the absolute hormone levels of each patient
were examined there was again no association between steroid
ratio and induction-delivery interval.

It has been suggested (Liggins, 1973 b) that lowering the
progesterone concentration or raising the oestrogen concentration
would increase the sensitivity of the myometrium to oxytocin.
The clinical practice in the maternity hospital in Aberdeen is to
increase oxytocin administration by fixed increments by altering
the drip rate and the oxytocin concentration of the transfusion
fluid at timed intervals. This is continued until a satisfactory
level of uterine activity is attained and the oxytocin administra-
tion then continued at that rate until the completion of the third
stage. We were thus able to calculate the total amount of oxytocin
required to effect delivery in the group of patients who did not
have their labour interrupted by operative delivery. In these 16
patients the correlation coefficients between the initial steroid

concentration and the total amount of oxytocin needed for
delivery were: oestriol 0 2543, oestradiol-173 0 2451, and
progesterone -0-0078. It is evident that neither a raised
oestrogen level nor a lowered progesterone concentration was
associated with a decreased oxytocin requirement. The data were
also examined to see whether there was any tendency for the
establishment of labour at higher or lower rates of oxytocin
infusion to be associated with the steroid level. Again the initial
steroid level gave no indication whether a high or a low rate of
oxytocin infusion would be required to establish adequate
uterine contractions.

Discussion

The research of the last 30 years has provided a substantial body
of data to support the thesis that the steroid hormones of the
fetoplacental unit play a role in the onset of labour. Indeed the
work done by the schools of Liggins (1973 a and b) and Thorburn
(Currie et al., 1973) has gone far toward explaining how these
hormones exert their effect in animals. It is when the animal
model is applied to women that difficulties arise. Some schools
of thought maintain that the animal model can be applied more
or less directly to man (Csapo, 1969; Turnbull et al., 1974)
whereas others (Klopper, 1973) have found difficulty in substan-
tiating in man what can be deduced from animal experiments.
To some extent this difference between the two schools of
thought is unreal. Much of the animal work is based on investi-
gations of hormone levels within the fetoplacental unit not on
the changes which occur in the peripheral maternal circulation.
We are of necessity in the case ofwomen precluded from examin-
ing the changes which occur in the maternal blood draining the
uterus, let alone those which happen in the fetal circulation.

Real differences of opinion arise when human clinical applica-
tions of the animal results are sought. Our present work shows
that steroid hormone levels cannot be used to predict how the
uterus will respond to a labour-provoking stimulus. We have in
the past adduced evidence to show that there is no pattern of
change in the hormone levels of the mother's circulation which
foretells the imminent onset of labour (Shaaban and Klopper,
1973). Nor does manipulation of the steroid levels induce labour
at term (Klopper et al., 1973) or prevent the onset of premature
labour (Klopper, 1969).
We are aware that the endpoints used to measure uterine

response to hormonal status-onset of labour, induction-delivery
interval, or oxytocin requirement-are capable of being in-
fluenced by factors other than oestrogen or progesterone
concentration. In this study no allowance has been made for
parity, fetal or maternal size, or cervical state. It may be that
such factors have obscured a real relationship between steroid
levels and the onset of labour though we believe that the numbers
of patients in this study were high enough to make this unlikely.
In our previous studies the experimental design often allowed
for controls matched for these factors, but we were unable,
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nevertheless, to show a real connexion between maternal steroid
levels and the onset of labour.

We thank our colleagues in the maternity hospital for allowing us
access to their patients. Dr. George Wilson instituted the assay
methods which we used and Mr. Duncan Bruce supervised the
radioimmunoassays. The work was done during the tenure of a Ford
Foundation Scholarship to one of us (M.S.).
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Role of Gastric Irradiation in Management of Peptic
Ulceration and Oesophagitis
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Summary

Twenty-four patients with peptic oesophagitis or ulcera-
tion of the stomach or duodenum have been treated with
irradiation of the stomach. They were selected on the
grounds of their unsuitability for surgery because of
associated medical conditions or because of failure of
repeated gastric surgery. Twenty of the patients (83%)
were 60 years of age or over. Of those treated 19 (79%)
obtained complete symptomatic relief. Endoscopic
improvement occurred in most cases. Acid reduction to
an average of 30% of the pretreatment levels was noted
at 11 months and 58% at 30 months. No morbidity was
observed attributable to the irradiation.

Introduction

There is a natural reluctance on the part of surgeons to operate
on the elderly. This sentiment is reinforced by the frequent
presence of associated illnesses. When conventional treatment,
medical or surgical, has failed and the patient is left with lesions
hazardous to life or producing distressing symptoms pressure
can be brought to bear to embark on surgery even though it
carries with it the risk of significant mortality and morbidity.
Surgery in this group is a calculated investment in the future,
when the duration and quality of life cannot be assured. Other
forms of conservative therapy, therefore, are to be welcomed
but require critical evaluation.
We describe our experience of gastric irradiation in such an

"at-risk" group of 24 patients with peptic ulceration and
oesophagitis.

Gastrointestinal Unit, Western General Hospital, Edinburgh EH4
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Patients and Methods

Since 1955 selected patients in this unit have been treated with
gastric radiotherapy though in recent years its use has been
increasing. During this period 24 patients have received such
treatment, most of whom were over 60 years of age (table I).
Their presenting symptoms were often multiple and consisted
of dysphagia (11 cases), heartburn (8), epigastric pain (8),
backache (1), and bleeding (7).

TABLE I-Age Distribution of the 24 Patients Treated with Gastric Irradiation

Age in years .. 21-30 31-40 41-50 51-60 61-70 71-80 81-90
No. of patients .. 1 1 1 3 8 8 2

The 32 lesions finally treated were oesophagitis (15 cases),
oesophageal stricture (4), oesophageal ulcers (2), duodenal
ulcers (4), jejunal ulcers (3), gastric ulcers (3), and a second-part
duodenal ulcer (1). Altogether there were 45 associated conditions
(table II).

TABLE II-Associated Conditions (Total 45) Present in 24 Patients Treated with
Gastric Irradiation

No. of No. of.
Cases Cases

Alcoholism .. 1 Sociopathic personality disorder 2
Cerebral atherosclerosis 2 Previous surgery 3
Chronic bronchitis. . 2 Prostatic hypertrophy 1
Depression .. .. 1 Pulmonary hypertension 1
Generalized atherosclerosis 1 Pulmonary tuberculosis 1
Gout .1 Pneumonectomy 1
Hypertension . . 3 Renal Failure .2
Kyphoscoliosis ..2 Respiratory failure 2
Lymphatic leukaemia (chronic) 1 Rheumatoid arthritis 1
Myocardial ischaemia 5 Sjogren's syndrome 1
Myxoedema* ..1 Thyrotoxicosis (active)* 1
Obesity . . 5 Ulcerative colitis 1
Osteoarthrosis ..1 Zollinger-Ellison syndrome 1
Osteoporosis .. 1

*On treatment.

In addition to careful history taking and clinical examination
the diagnosis was established by barium-meal examination and
in most cases upper gastrointestinal endoscopy. Only patients
referred on account of significant persistent symptoms were
considered eligible for therapy, and this implied that they had
been regarded as unsuitable for elective gastric surgery because
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