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weeks past term with a "high head" and slightly contracted
pelvis. Labour was induced successfully with prostaglandin
E2. After five hours of strong labour the head remained
high, there was sudden fetal distress, and lower-segment
caesarean section was performed. In the first patient studied
intrauterine death of the fetus had occurred four days before
induction of labour. In all other cases the baby was bom
alive and spontaneous respiration was soon established. There
were no complications of the third stage of labour in the
series.

Discussion

So far the effects of prostaglandins on human pregnant
myometrium in vivo have been explored only to a limited
extent. The present study corroborates the earlier observation
that E prostaglandins have significant oxytocic properties and
indicates that their intravenous infusion-in the dosage 05-
2 ,ug./min., using total amounts varying from 100 to 600 ,ug.
can be used as an effective method of inducing labour,
without apparently undesirable results to mother or baby.
Though in a small series of patients given E prostaglandins

at 4-8 ug./min. Bygdeman et al. (1968) reported that
hypertonus "frequently occurred" there was no hypertonus in
the present study with infusions up to 6 ,ug./min. Nor were
there any undesirable toxic effects, though at a much higher
infusion rate (0-2 - 0.7 ,ug./kg./min.) subjective symptoms,
tachycardia, and hypotension have been reported (Bergstrom
et al., 1959).
The prostaglandins of the Fa group appear to be much less

potent in their oxytocic effects than the E prostaglandins.
Used in a similar dose range (05-4 gtg./min.) in a personal
study, induction of labour has been successful so far in only
four out of nine cases and it is becoming evident that much
larger amounts of prostaglandin F2a (about 5 to 10 times the
amount of prostaglandin E necessary) have to be adminis-
tered for success. The dose found necessary by Karim et al.
(1969) for the successful induction of labour by F2a supports
this view. Apart from their uterine effects the prostaglandins

are now believed to be responsible for a perplexing variety of
biological activities, but as recent reviews emphasize, their
precise physiological functions are far from being fully
understood.
The role of the prostaglandins in parturition, if any, is as

yet only a matter of conjecture. Nevertheless, evidence is
accumulating to suggest their implication. Prostaglandins have
been identified in amniotic fluid (Karim and Devlin, 1967)
and in blood during labour (Karim, 1968) and they have been
shown to initiate uterine activity closely resembling that in
normal labour (Embrey, 1969; Karim et al., 1969). The
demonstration now that E prostaglandins can be effective-
and possibly therapeutically useful-agents for the induction
of labour is further circumstantial evidence of a possible
physiological role in normal labour.

I wish to thank Professor J. A. Stallworthy for advice and en-
couragement, and gratefully acknowledge gifts of prostaglandins
from Dr. J. Pike, of the Upjohn Co., and Dr. D. A. van Dorf, of
the Unilever Research Laboratory.
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Induction of Abortion by Prostaglandins EI and E2
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Summary: Intravenous infusions of prostaglandin E (El
or E2) were used for termination of pregnancy in

11 patients. Induction of abortion was successful in nine
instances and in eight the abortion was complete. No
undesirable side-effects were recorded.

Introduction

A new group of closely related hydroxy fatty acids known as
the prostaglandins have now been chemically identified and
shown to have significant effects on the contractility of uterine
and other smooth muscle (Bergstrom et al., 1968; Pickles,
1969). While earlier laboratory studies suggested their role
was inhibitory, it has recently been shown (Embrey and
Morrison, 1968; Embrey, 1969) that in regard to the human
pregnant uterus the E prostaglandins have significant stimu-
latory properties-even more pronounced than those of the Fa
series. In a separate study (Embrey, 1970) the oxytocic pro-
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perties of E prostaglandins in late pregnancy and their
potential value in the induction of labour were examined.
The present paper deals with the effects of prostaglandins E1
and E2 in early and mid-trimester pregnancy and their
possible therapeutic role in the termination of pregnancy.

Patients and Method
Eleven patients recommended for termination of pregnancy

were studied. The age of gestation varied from 9 to 28 weeks.
Uterine contractility was monitored in all cases either
internally by means of a small intrauterine balloon or intra-
amniotic catheter, or externally with the Oxford tocograph.
The prostaglandin, dissolved in a small volume of ethanol,
was first diluted with sodium carbonate 0-2 mg./ml. to
provide a stock solution of 100 ,ug./ml. The solution was
sterilized by filtration and kept frozen when not in use.
Before use the stock solution was further diluted with normal
saline to make a 2 ug./ml. solutiorL Recording of uterine
contractility was begun 30 minutes before the infusion was
started. The patient was kept under close observation
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Induction of Abortion by E. Prostaglandins

Prosta-
glandins Para Gravida Maturity

Rate
I4g./min.)

Time
(Hours)

Dosage

Total Dose
(Lg-)

Stimulatory Effect

Tone
Total Infusion Amplitude and
Time (Hours) Frequency

Induction
Abortion
Interval
(Hours)

Result

E, 3 0 9 2 260 2i +-+ + 28 Failed

2 E2, 4 0 10 (2 840 6 + + + 24 Successful

3 E2 0 0 28 2 12 1,680 12 + + O 27 Successful4 3.12+0 2

4 E, 5 0 10 4 37 2,000 104 + + + lOt Successful
5 E, 0 0 20 2 26 3,100 26 + + 0 26 Successful
6 E, 2 0 10 4 104 2,520 104 + + + 121 Successful
7 El 0 0 16 2 4 4,500 204 ++ + 28 Failed4 16
8 E 0 0 20 4 4i 3,200 10 ++ 0 10 Successful5 7

9 E, 0 0 20 2 748 3,150 16 + + 0 16 Successful

10 E, 5 2 16 4 j0 4 100 14 ++ + 14 Successful
11 E, 3 1 16 4 18 4,400 18 + + + 18 Successful

throughout, with frequent recording of pulse and blood
pressure. The infusion rate varied between 2 and 5 ,ug./min.;
the infusion time was from two and a quarter hours to 26
hours (see Table) and both factors were sometimes limited by
the availability of material rather than the circumstances of
the case.

Results

In all patients noticeable stimulation of the frequency and
amplitude of contractions was observed. The response was
slow in onset, the latent interval being 15 to 45 minutes, and
in some cases it was observed that the effect persisted long
after the infusion was stopped. The character of the response
seemed to be determined by the physiological state of the
uterus. In two cases when spontaneous contractions were in
evidence the effect was essentially to increase their frequency
and amplitude. In other cases, with an inactive uterus, the
initial effect was to increase the uterine tone (10-30
mm.Hg), small irregular contractions being superimposed on

the hypertonus. Gradually the hypertonus gave way to a

more orderly pattern of activity with regular and usually
frequent "Braxton Hicks" contractions of steadily increasing
amplitude.
Of the 11 patients given prostaglandins (E1 in two cases

and E2 in nine cases) induction of abortion was successful in
nine. In six of the successful cases the infusion was continued
until abortion was effected, while in a seventh case abortion
occurred within two hours of the end of infusion. Sample
records in Case 11 are shown in Fig. 1. In two instances
(Cases 2 and 3), early in the study, the infusion was discon-
tinued after a small total dose. Nevertheless, uterine activity
continued and abortion occurred later-in the first the ovum

was found protruding through the cervix 15 hours after
infusion and had merely to be removed with the finger; in
the other the abortion process was completed in 18 hours. Of
the nine successful cases abortion was complete in eight and
no further treatment was necessary. In one (Case 10) there
was delay in delivery of the placenta, and evacuation of the
uterus was performed. There were two failures. In the first
case in the study (No. 1) the dosage of prostaglandin E2 used
was (in retrospect) doubtless much too small. On the other
hand, in Case 7 a total of 4,500 ,ug. of prostaglandin E1 was

infused over 201 hours. Frequent and strong uterine con-

tractions were produced for many hours, but abortion did not

ensue and the cervix remained closed. (At this point of time a

40-ml. Foley catheter was introduced into the cervix and the
infusion continued, abortion following seven hours later.)

It would be unwise to surmise from this that prostaglandin
E1 is less potent than prostaglandin E2, for in the other

Prostaglandin E2 (4pg./min.)
o --

E mm

min. --------------------------------------- ---

*

E 3

mrn.,

E

100-

min.

.-

min.

FIG. 1.-Intravenous infusion of prostaglandin E2 for
induction of abortion. Case 11. Sample records beginning

i, 4, 9, 12k, and 17* hours after infusion.

patient given prostaglandin E1 the infusion of 2,600 ,ug. over
10 hours successfully induced abortion. Clearly, no compari-
son of E1 and E2 is possible on the basis of this study. More
probably the result merely represents, as one would expect,
considerable variations in the uterine sensitivity to prosta-
glandins, about which much more has to be learned.

Discussion
From this small series it would seem that for the successful

induction of abortion by E prostaglandins an infusion rate of
2- 5 ,ug./min. is required and a total dose of the order of
2,000 - 5,000 ,ug. Unlike oxytocin, the threshold dose for
contractile response, though higher, is of the same order of
magnitude as at term; but clearly longer infusion times are
required, and the total dose of prostaglandin E needed is
about 5 to 10 times that found necessary for the successful
induction of labour at term (Embrey, 1970).

Case
No. -Il-

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ f-r . -f-f- - -o < f t r r-e- - - -- f r --f
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Evidence is accumulating to substantiate the view that the
oxytocic effects of E prostaglandins on uterine myometrium
are much more pronounced than those of the Fa prostaglan-
dins. In the induction of labour at term the available evi-
dence suggests that the effective dose range for F2a is about 5
to 10 times that for E2 (Karim et al., 1969; Embrey, 1970). So
far personal experience of the F prostaglandins in early
pregnancy extends to only six cases. The dose range was 2-
5 Ag./min. and the total amount infused varied from 820 to
3,150 ILg. Only in one case (receiving the largest dose) was
abortion successfully induced, clearly indicating the superi-
ority of prostaglandin E2 in early pregnancy too. These
observations are not at variance with those of Karim and
Filshie (1970). They have just reported successful induction
of abortion with F2a in 14 out of 15 cases, but they used a
very much higher dosage (infusion rate 50 ,ug./min.; infusion
time about 4 to 27 hours) and there were frequent side-
effects (diarrhoea and vomiting). No noticeable side-effects
could be ascribed to the infusion in any of the cases in this
series. The patients were composed and symptom-free. Two
vomited, but in each instance only when abortion was well
advanced. No significant or constant changes in pulse or
blood pressure were recorded in the cases.

It would be unwise, on such limited experience, to make
extravagant claims for the use of E prostaglandins in the
termination of pregnancy. Nevertheless, the results so far are

encouraging. The technique is simple and merely entails
making an intravenous infusion, while it seems to be effective
at any gestational age. Present methods of inducing abortion
are not entirely satisfactory. Especially in the mid-trimester,
the risks of one-stage evacuation (from trauma, haemorr-
hage, and infection) are great, while the alternatives-for
example, irritant pastes, intra-amniotic hypertonic saline, or
glucose injections-carry their own dangers. If the efficacy
and safety of the prostaglandin E infusion is corroborated in
extended trials it may well be a valuable therapeutic proce-
dure in clinical practice.

I wish to thank Professor J. A. Stallworthy for advice and en-
couragement and gratefully acknowledge gifts of prostaglandins
from Dr. J. Pike, of the Upjohn Co., and Dr. D. A. van Dorf, of
the Unilever Research Laboratory.
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Study of Proteins and Fibrinolysis in Patients with Glomerulonephritis
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Summary: Plasma and urine fibrinolysis were studied
in 36 patients with glomerulonephritis and protein-

uria. In 40% of these plasma fibrinolytic activator
activity was moderately reduced and fibrinolytic inhi-
bitors were increased. Globulins with antiplasmin effect
were raised, particularly in the earlier months. Both the
serum cholesterol and the plasma fibrinogen were related
to the level of serum albumin, and those patients with
high fibrinogen levels were also those with poor plasma
fibrinolytic activator and those showing a steady deteriora-
tion. Urinary fibrinolysis was greatly reduced in most
patients and bore no relation to plasma fibrinolysis levels.
Hence urokinase is not derived from circulating plas-
minogen activator.

Introduction

Patients with nephrotic syndrome are apt to develop venous
or even pulmonary artery thrombosis (Levin et al., 1967),
especially when given steroid therapy. This tendency has
been attributed to raised levels of plasma fibrinogen and of
inhibitors of fibrinolysis found in the increased a2-globulin
and f8-globulin fractions. Few detailed studies of systemic
fibrinolysis have been made and even less attention has been
paid to possible immunological inhibition of local fibrinolysis
within the kidney. It is, however, known that fibrin is depo-
sited in the kidney in experimental glomerulonephritis (Vas-
salli and McCluskey, 1964) and that patients with the
nephrotic syndrome may show accelerated thromboplastin
generation. Kincaid-Smith et al. (1968) reported promising
results with heparin therapy; this is logical, as immuno-
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fluorescent studies may show deposition of fibrin, especially
in the proliferative forms of human glomerulonephritis.
We report here the results of a survey of fibrinolysis in a

group of 36 patients with glomerulonephritis and proteinuria,
designated as "nephrotic."

Methods
Fasting blood samples and early morning urine collections

were taken from nephrotic patients. Most were attending for
follow-up in the M.R.C. Nephrotic Syndrome Trial. Renal
biopsies had shown that five had "minimal change" nephritis,
13 proliferative glomerulonephritis, 11 established end-stage
chronic glomerulonephritis, and seven "membranous change,"
of which two were due to amyloid and five fell into the
category of idiopathic membranous glomerulonephritis.
Those with minimal change glomerulonephritis had been
treated for a mean period of 2-3 years, those with prolifer-
ative glomerulonephritis for 2-0 years, and those with
membranous glomerulonephritis for 2-4 -years; those with
established chronic glomerulonephritis had been on suppor-
tive regimens for an average of four years, but it is imposs-
ible to designate the duration of their illness.

Techniques
Serum proteins and albumin and serum cholesterol were mea-

sured in the artificial kidney laboratory by Autoanalyser methods
together with the creatinine clearance.
Plasma fibrinogen was estimated by the method of Ratnoff and

Menzie (1951).
Euglobulin lysis time was estimated by Von Kaulla's (1963)

method slightly modified by Menon et al (1968). It can be
expressed in units by multiplying the reciprocal of the lysis time
in minutes by 10,000. A logarithmic plot of lysis time against
units of activity shows a linear relationship. The normal euglo-
bulin lysis time is 40-110 units.
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