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The pressor activity of posterior pituitary extract was reported by
Oliver & Schifer in 1895, its oxytocic activity by Dale in 1906, and its
antidiuretic activity by von Konschegg & Schuster in 1915. Molitor &
Pick (1924, 1926) affirmed that its antidiuretic activity was caused more
effectively by injecting it intrathecally rather than intravenously, Cushing
(1933) that pituitary basophilism caused hypertension, and Anselmino
& Hoffmann (1931), that ultrafiltrates from the blood of eclamptic women
contained what they claimed to be excessive amounts of posterior pituitary
substance.

Theobald (1934 a, b) found that minimal inhibition of the diuretic
response of the dog to 250 ml., of man to 11. and of pregnant women
near term to 500 ml. of water was effected by the intravenous injection
of the antidiuretic hormone (ADH) normally associated in the commercial
preparation used with from 0-0005 to 0-01 of an oxytocin unit. Impressed
by the fact that such consistent antidiuretic effects were caused by a com-
mercial preparation standardized for its oxytocic content, he conjectured
(Theobald, 1936a) that menstruation, ovulation, pregnancy and parturi-
tion were controlled by a centre or centres in the hypothalamus probably
situated in ‘two cell masses, named the paraventricularis and the supra-
opticus’. He thought that labour might be instituted and delivery effected
by an amount of oxytocin in the blood of the same order as that of ADH
which caused antidiuresis, and calculated that it would be necessary to
deliver intravenously from 1 to 5 m-u./min of a commercial preparation of
oxytocin.

A wide range of stimuli can cause simultaneous release of both oxytocin
and ADH, and it is generally held that the former is invariably secreted
in greater amounts than the latter, the reported ratios varying from
4:1 to 100:1; but there is no accepted evidence of their separate release
(Haterius & Ferguson, 1938; Haterius, 1940; Ferguson 1941; Harris,
1947, 1948; Peeters & Coussens, 1950; Cross, 1951 ; Kalliala & Karvonen,
1951; Andersson, 1951; Kalliala, Karvonen & Leppinen, 1952; Abrahams
& Pickford, 1954).

29 PHYSIO. CXLIX



444 G. W. THEOBALD

The exquisite sensitivity of the human myometrium to oxytocin which
must be attained before labour can occur (Theobald, 1958) makes it
reasonable to conclude that uterine activity provoked in the non-pregnant
state by large amounts of this hormone may be no more physiological
than the rise in blood pressure caused by pharmacological amounts of
ADH. It follows that theoretically the best time to determine whether
oxytocin can be released independently of ADH is during the relatively
short period when the myometrium is peculiarly sensitive to oxytocin.
Investigations during or immediately before labour, however, are worth-
less for several reasons, and particularly because on the one hand uterine
contractions are provoked as easily by ADH as by oxytocin, and on the
other the anxiety, pain, and work associated with parturition can in and
of themselves cause ADH release. Fortunately the early puerperium is
an eminently suitable time for this purpose. Suckling is indubitably a
physiological act and the myometrium retains a high, albeit decreasing,
sensitivity to oxytocin during the first week of the puerperium.

The purpose of this paper is to report clinical investigations devised
to determine whether both oxytocin and ADH can be released separately
and independently by the neurohypophysis. The evidence adduced is
dependent on the prior determination of a concentration of oxytocin in
the blood which institutes labour and effects delivery in man.

METHODS

All the utermne tracings shown were made with Smyth’s guard-ring tokodynamometer.
Those in Figs. 1 and 2, and the lower ones in Fig. 3 were from the abdominal wall, whereas
the others were from a balloon, holding about 6 ml. of water, which was introduced into
the uterus at least an hour before the investigation was started. It was held in position
by strapping the connecting tube to a volsellum attached to the anterior lip of the cervix.
Tracings of uterine activity were obtained for at least 1 hr before any test was commenced.
On two occasions the introduction of the balloon was associated with frequent uterine con-
tractions which persisted for several hours and made any experiment impossible. The intra-
venous infusion of adrenaline 10ug/min failed to stop these contractions but the intravenous
infusion of Pitressin (vasopressin; Parke, Davis) 4 m-u./min did (Fig. 5B). ADH appeared
to decrease the sensitivity of the myometrium to oxytocin, as also did the infusion of
hypertonic NaCl (Fig. 4).

On a few occasions a second balloon was introduced into the rectum or lower sigmoid
colon. It may be stated here that neither suckling nor the intravenous infusion of physio-
logical amounts of either oxytocin or Pitressin appeared to disturb the rhythm of the rela-
tively rapid peristaltic movements, but insufficient observations were made to justify any
conclusions.

Water diuresis. The subject was encouraged to drink freely before the test. A rubber
catheter (Foley’s) was inserted into the bladder either before or at the same time that the
balloon was introduced into the uterus. The catheter was held in place by a small rubber
bag distended with water which was kept as close to the internal urethral orifice as possible.
The hydrating dose was 500 ml. of water and the bladder was emptied immediately after
it was given. The urine was collected every 5 min. The end of the catheter dangled into
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a kidney dish which was kept close to the subject’s thigh, and was kept open until the exact
time of collection. The catheter was temporarily clamped while the urine was being mea-
sured. So soon as the kidney dish was replaced the clamp was removed. Each quarter of
an hour the subject drank the same quantity of water that she had voided as urine during
the preceding 15 min. This was found to be the most satisfactory method for use in the
wards.
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Fig. 1. Varying sensitivity of human uterus to Syntocinon, Pitocin and Pitressin.
Tracing from fundus of uterus, time intervals 2} min. Section 1(a), at term; at 4
and B, 10 m-u. Syntocinon, and at C, 20 m-u. Pitressin was injected intravenously.
Section 1(b) 2 hr later; at D, 10 m-u. and at E and F, 100 m-u. Syntocinon
was injected intravenously. Section 1(¢) 1 hr later; at @, 1000 m-u. and at H,
2000 m-u. Pitressin was injected intravenously. B.P. = B.P. 110/80 mm Hg.
Section 2, at 30 weeks; at 4 and B, 1000 m-u. Pitocin, and at C, 5000 m-u.
Pitocin was injected intravenously.

The Drip. A standard ‘giving’ set, containing 540 ml. of 59, glucose in distilled water,
was used ; it connected to a small vein in the wrist by means of a No. 2 hypodermic needle.
Oxytocin and other substances being investigated were either added to the bottle or injected
into the rubber tubing close to the needle in the vein while the drip was temporarily stopped.
When a fresh concentration, or a new substance, was added to the bottle, the rubber tubing
of the giving set was disconnected from the needle, and about 20 ml. of the fluid allowed
to escape and clear the dead spaces before it was again connected. Although the rate of
flow could be kept fairly constant at either 16 drops (1 ml.) or 32 drops (2 ml.) & minute
there was inevitably some variation in it. The required dilutions were made by using small
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Fig. 2. Effect of Pitocin on uterus whose contractions had been inhibited (4) or
had stopped spontaneously (B). Tracings from fundus of uterus, time intervals
5 min. (4) Primigravida, who had had incoordinate, ineffective, painful contrac-
tions for 2 days without sleep. Her cervix was two fingers dilated. At L her
iliohypogastric and ilio-inguinal nerves were infiltrated with Xylocaine. Uterine
contractions subsequently stopped. An hour later, at P, a drip delivering Pitocin
0-2 m-u./min was started and the subsequent uterine contractions were effective.
B. Primigravida, aet. 17, laboured satisfactorily until her cervix became three-
quarters dilated and then went out of labour for several hours. At P a drip
delivering Pitocin 0-25 m-u./min was started and spontaneous delivery occurred
3 hr later.
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Fig. 3. Pitressin in the induction of labour. The subject was a gravida-5, aet. 35,
at term. Amniotomy was performed at 10.00 hr, when a 59, glucose drip was
started. The upper tracings were obtained indirectly from the lower uterine
segment, and the lower simultaneously from the fundus; time intervals 2} min.
Section 1; at 4, 100 m-u. Pitressin was injected intravenously. Section 2; at
B, a drip delivering Pitressin 2 m-u./min was started. Section 3; 1 hr later,
showing increase in tone, particularly of lower segment.
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screw-top bottles containing 9 and 9-5 ml. of sterile 59, glucose solution, accurately mea-
sured in the pharmacy. By using a tuberculin syringe it was easy to make the required
dilutions in the ward. In the early experiments the drip was set up when the catheter was
inserted, but it made suckling difficult. More recently it was not started until the baby
had been finally removed from the ward.

The baby. The original practice was to bring in the baby when the urine output had
become stabilized, and put him to the breast forthwith. During recent months the baby
was brought in and given to the mother to fondle for some time before suckling was com-
menced. The possible effects of emotion on water diuresis were thereby lessened. The baby
was weighed immediately before and after being put to each breast.

Anaesthetizing the nipple. It was found that the injection of some 15 ml. of 19 Xylocaine
(lignocaine; Duncan Flockhart) (without adrenaline) into the areola caused complete
anaesthesia of the nipple to touch or prick, but on only two occasions was the mother unable
to feel traction on the nipple during suckling. The use of a No. 19 hypodermic needle made
this procedure all but painless. Anaesthesia of the nipple did not last more than 30 min.
The only disadvantage noted was that the nipple became less erectile and in consequence
more difficult for the infant to grasp.

Pitocin (Parke, Davis) and Syntocinon (Sandoz) were the two commercial preparations
of oxytocin which were used. The latter was more convenient as 2 u. are put up in 2 ml.
of water. Pitressin was the commercial preparation of ADH which was used.

RESULTS
Part I. The effects of injected drugs
Clinical evidence

It was reported by Theobald, Graham, Campbell, Gange & Driscoll
(1948) that, after amniotomy, a 59, glucose drip (in distilled water)
delivering from 1 to 5 m-u. oxytocin per minute usually sufficed to cause
the onset of labour and to make ineffective uterine contractions effective.
This concentration of oxytocin in the drip is still being used at Bradford
(Theobald, Kelsey & Muirhead, 1956).

During the years 1957 and 1958 inclusive 5579 patients were delivered
in this hospital and amniotomy was performed in 1479 or 27 9%, of them,
with the intent of inducing labour. If the women had not started labour
by the following morning an oxytocin drip was usually started.

Of the 1431 women who were 38 weeks or more pregnant, 1162 or 819,
went into labour after amniotomy and a purgative, without requiring an
oxytocin drip. The total number of women given a drip for the purpose
of inducing labour was 295 and of these only 34 or 11-5 9, required more
than 5 m-u. of oxytocin per minute, while the infusion of between 1 and
2-5 m-u./min sufficed in 98 or 33 9%, of this group. (Of the 1479 women
in whom labour was induced only 34 required a drip delivering more
than 5 m-u. of oxytocin per minute.)

The very fact that some women required an oxytocin drip suggested
failure of the myometrium to achieve its maximum sensitivity to oxytocin.
This view is supported by the fact that the oxytocin drip occasionally
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failed to start labour for several days. In one patient the intravenous
infusion of 2-5 m-u. of oxytocin a minute on the sixth day after amniotomy
caused rapid dilation of the cervix and spontaneous delivery, notwith-
standing the failure of stronger concentrations to have any effect on
previous days (Theobald et al. 1956). It is usually true (Nixon & Smyth,
1957) that the uterus ready to undertake parturition will contract when
from 10 to 30 m-u. of oxytocin is injected intravenously. It is also true
that the sensitivity of the human myometrium at term to both oxytocin
and ADH varies considerably from hour to hour. Sensitivity tests were
carried out on a gravida-2, aet. 38, with intact membranes, at term. The
tracings were from the abdominal wall and the injections were made into
the rubber tube of a glucose drip and near to the needle. Figure 1 (sect. 1)
shows tracings obtained during the course of a morning, the conditions
remaining unaltered. In section la are shown the contractions caused
by the intravenous injection of 10 m-u. Syntocinon and 20 m-u. ADH.
Two hours later (sect. 15) the injection of 100 m-u. Syntocinon had less
effect than the original 10 m-u. and an hour later still (sect. 1¢) the con-
tractions caused by the injection of 2 u. Pitressin were less than those
caused by 20 m-u. Pitressin earlier in the morning. This represents a
hundredfold decrease in sensitivity within 3 hr.

A change in the opposite direction is shown in Fig. 1 (sect. 2). A young
primigravida, aet. 17, some 30 weeks pregnant, was found to have an
anencephalic foetus. At the points indicated by the arrows, 1u., 1u.,
and 5 u. Syntocinon, respectively, were injected intravenously, without
causing a single uterine contraction or any subjective sensation. The next
morning amniotomy was done and an oxytocin drip delivering 5 m-u./min
was started. She was delivered naturally a few hours later. This represents
a thousandfold increase in the sensitivity of the myometrium to oxytocin
within the space of less than 20 hr.

It has been shown that 81 %, of women went into labour within 20 hr
of amniotomy, and that the intravenous infusion of from 1 to 25 m-u.
a minute of oxytocin sufficed to put over a quarter of the remaining
refractory patients into labour. It therefore appeared reasonable to
assume that the physiological concentration of oxytocin which normally
suffices to cause the onset of labour and effect delivery could not be more
and might well be less. The only means that seemed open to determine
this point were to discover the minimum amount of oxytocin necessary
to restart labour, (a) after it had been deliberately stopped, and (b) after
it had stopped spontaneously (secondary uterine inertia).

Stopping early labour. It was found possible to stop the uterine contrac-
tions of early labour for a considerable time by infiltrating the iliohypo-
gastric and ilio-inguinal nerves with a local anaesthetic. The technique
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was originally devised to abolish the pain associated with the first stage
of labour (Theobald, 19365, 1941), and for the purpose of this communica-
tion it is immaterial whether uterine contractions were stopped by the
adrenaline added to the local anaesthetic, by the abolition of pain, or
by a combination of both factors. Either 0-5 mg or 1 mg of adrenaline
was added to 100 ml. of a 0-5 %, solution of Xylocaine and 20 ml. of this
solution was used on either side to infiltrate the iliohypogastric and ilio-
inguinal nerves as they passed in close proximity to the anterior superior
iliac spines. A further 30 ml. of the solution was used in some cases to
infiltrate the pudendal nerves.

A primigravida, aet. 30, 10 days post-mature, was admitted after she
had been in labour at home for 2 days without any sleep. Her cervix was
only two fingers dilated. She was very tired and the incoordinate, ineffec-
tive uterine contractions were exceedingly painful. At point L in Fig. 24,
the iliohypogastric and ilio-inguinal nerves were infiltrated with Xylo-
caine. Uterine contractions ceased for an hour and the patient fell asleep.
They restarted almost immediately after the glucose drip was changed to
one delivering Pitocin 0-2 m-u./min (point P), which was continued until
the placenta was delivered. The relief of pain and sleep lasted for 5 hr,
and a female infant weighing 8% 1b. (3-9 kg) was delivered naturally 9 hr
after the Xylocaine was injected. On every occasion that the uterine
contractions of early labour were so stopped they could be started again
by the intravenous infusion of from 0-2 to 0-5 m-u. oxytocin a minute.

Secondary wuterine inertia. It sometimes happens that women start
labour, proceed to almost full dilation of the cervix and then cease to
have any uterine contractions for several hours. One such patient, a
primigravida, aet. 17, proceeded satisfactorily until her cervix was three-
quarters dilated and then went out of labour for several hours (Fig. 2 B).
The head was satisfactorily engaged and there was no cephalo-pelvic
disproportion. A drip delivering Pitocin 0-25 m-u./min. was started at
P, and was maintained until the patient delivered herself 3 hr later.

ADH and labour

ADH would appear to be as efficient as oxytocin in starting labour and
effecting delivery. It was decided to induce labour in a gravida-5, aet. 35,
and amniotomy was performed at about 16.00 hr (Fig. 3). A glucose drip
was started at 16.30 hr, and an hour later at 4 (sect. 1) 100 m-u. of
Pitressin was injected intravenously and caused a prolonged contraction.
At 18.00 hr at B (sect. 2) a drip delivering 2 m-u./min Pitressin was begun,
and sections 2 and 3 show the resulting increase in tone, and in the fre-
quency and height of contractions of the lower uterine segment, and of
the frequency and height of contractions of the fundus, recorded shortly
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before delivery. This patient gave birth naturally to an infant weighing
71b. 9 oz. (3-4 kg) within 4 hr of amniotomy and 2 hr after the start of
the Pitressin drip. A note was made that at no time did the Pitressin
drip cause either pallor or any significant rise in the blood pressure.

Part I1. The effects of suckling
The effects of suckling on the other breast

Very small amounts of oxytocin cause the mammary myoepithelium
to contract and to express milk from the alveoli and ducts. Unless milk
is present in the alveoli in reasonable quantities it cannot be expressed
and it is important to choose suitable subjects, to wait until lactation is
established, and not to conduct tests shortly after the breasts have been
emptied or if the mother’s fluid intake has been restricted. Nor should
tests be carried out before the first feed in the morning because a free
secretion of milk, unrelieved by suckling during the night, often results in
retention overflow. Nearly all the tests to be reported were done just
before the feed at 14.00 hr, and between the 4th and the 8th day of the
puerperium.

During the week following the establishment of lactation suckling from
one breast invariably caused escape of milk from the other nipple in all
subjects. This effect could be matched, within from 1} to 3 min, by a single
intravenous injection of from 5 to 10 m-u. oxytocin or its intravenous
infusion at the rate of from 0-2 to 1 m-u./min. On no occasion was the
let-down of milk noted to be effected by the intravenous injection of ADH,
but this problem was not actively pursued.

Uterine activity. During the first 10 days of the puerperium suckling
caused uterine contractions to occur within 3 min (Fig. 4) of its commence-
ment, in each of approximately twenty patients who were investigated.
This effect was matched by a single intravenous injection of 10 m-u. of
a commercial preparation of oxytocin or its intravenous infusion at the
rate of from 0-5 to 1 m-u./min. Similar uterine activity was caused by
comparable injections of Pitressin, but this hormone when given in the
non-pregnant state seemed to produce tachyphylaxis and to lessen the
subsequent effect of oxytocin (Figs. 4 (sect. 1), and 5 (2)).

Water diuresis. Water diuresis curves obtained from some twenty women
between the 4th and the 8th day of the puerperium confirmed previous
observations that suckling was frequently associated with antidiuresis.
The longer the infant was kept on the breast the more likely was anti-
diuresis to occur. Figure 6 shows that the effect could be matched by
a single intravenous injection of less that 0-5 m-u. Pitressin. On other
occasions 0-2 m-u. Pitressin sufficed. The effect could not be attributed to
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Fig. 4. Effects on the uterus caused by suckling, and by the infusion of hypertonic
NaCl; records from balloon in uterus. Time intervals 24 min. Section 1 (upper);
at A baby was put to the right breast, at B to the left, and at C was taken from
the room: (lower) at D, 35 min later, the tracing was readjusted and the intra-
venous infusion of 200 ml. of 59, NaCl ended. At E, 10 m-u., and at F, 100 m-u.
Syntocinon was injected intravenously without causing any uterine activity.
The ‘kick’ in the tracing between D and E was an artifact. Section 2 (upper);
from A to B baby was at the left breast (anaesthetic nipple) and the uterus
became markedly hypertonic. Some 40 min later, between C and D (lower tracing),
100 ml. of 7:59, NaCl was infused intravenously; this caused antidiuresis (Fig. 8)
and marked decrease in uterine activity; at E, 5 m-u. Syntocinon was injected
intravenously.
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Fig. 5. Effects on uterus caused by suckling, by the breast pump and by the
intravenous infusion of Pitocin and Pitressin; tracings from balloon in uterus;
time intervals 2} min. (1) At 4 baby was put to the breast: the electric breast
pump, applied to the opposite breast, was switched on at B (shortly after the
baby had been removed from the breast) and off at C. (2) At A, immediately
after the baby had been removed from the breast, a drip delivering Pitocin
0-4 m-u./min was started and was changed at B to one delivering Pitressin
0-4 m-u./min.
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oxytocin, for the intravenous infusion of 4 m-u. Syntocinon a minute did
not cause antidiuresis (Fig. 7). Moreover, the marked antidiuresis caused
by the intravenous infusion of Syntocinon 16 m-u./min for 25 min was
short-lived. The two crucial observations were (1) that the onset of anti-
diuresis, when it did occur, was often delayed for 10-15 min after suckling
commenced (Fig. 6), and (2) that in some subjects no antidiuresis occurred
(Figs. 8, 9).
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Hours
Fig. 6. Effect of suckling and of Pitressin on urine flow. Both curves from the
same subject ; interrupted line, 5th day, full line 8th day of puerperium. Hydrating
dose of water given at W. The baby was at the breasts for the period between the
two arrows labelled B. At P 0-5 m-u. Pitressin injected on 8th day.

Anaesthetizing the nipple in no way interfered with oxytocin release,
for milk flowed from the other nipple and uterine activity occurred within
3 min of the commencement of suckling (Fig. 4, sect. 2). On the other
hand antidiuresis did not occur when the mother experienced no sensation
at all while her baby was at the breast (Fig. 8L). Conversely, the urine
output fell to 2 ml. in 5 min (very much lower than on any other cccasion)
in a subject with painful nipples after the anaesthetic action had passed
off and before suckling had ceased.

The intravenous infusion of hypertonic NaCl. The intravenous infusion
of NaCl solution, either 200 ml. of 59, or 100 ml. of 7-5 %, (w/v), sufficed
to inhibit water diuresis to approximately the same degree as a single
intravenous injection of from 0-5to 1 m-u. Pitressin. Figure 4 (sect.1 4, B)
shows the uterine activity associated with suckling in a gravida-3, aet. 26,
on the 6th day of the puerperium. Some 25 min after the baby was
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removed from the breast 200 ml. of 5%, NaCl was given intravenously
within 12 min and caused the 10-min urine output to fall from 164 to
17 ml. The myometrium subsequently became insensitive to oxytocin and
it was necessary to inject 1 u. Syntocinon in order to provoke a single
contraction, after which the sensitivity of the myometrium to oxytocin
returned to its former level. Over-activity of the uterus of a gravida-3,
aet. 26, on the 5th day of the puerperium is shown in Fig. 4 (sect. 2).
Frequent and strong uterine contractions, which persisted for 40 min,

Syntocinon G

Urine voided in preceding 10 min. (ml.)

I
V'/ w w

0.30 1 1.30 2 2.30 3
Hours

Fig. 7. The effect of Syntocinon on water diuresis during the puerperium and in
the non-pregnant state. The topmost curve was obtained during the puerperium.
A 59, glucose drip was started and at W the hydrating dose of water was given.
At points 1, 2, 3, 4, 5, 6, and 7, Syntocinon 0-2, 0-5, 1, 2-5, 4, 6, and 16 m-u./min
was successively infused intravehously; at @, the original glucose drip was restarted.
The three lower curves were obtained simultaneously from non-pregnant women.
Glucose drips were started on each of them, and 500 ml. water was given by
mouth at each of the lower points marked W. An intravenous infusion delivering

- 10 m-u. Syntocinon a minute was given for 70 min between arrows labelled ‘10 m-u.’
The original glucose drip was then resumed. The intravenous infusion of less
than 5 m-u. Syntocinon a minute had little effect on water diuresis, but more
than that amount lowered the urinary output.
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Fig. 8. Effect of suckling from an anaesthetized nipple (the left one). Hydrating dose
of water given at W. Suckling from right breast (R) associated with antidiuresis.
Suckling from left breast (L) associated with marked uterine activity (see Fig. 4,
section 2). A glucose drip was started at G; 100 ml. of 7-59, NaCl was infused

intravenously between the arrows marked S and caused antidiuresis and lessening
of uterine activity.
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Fig. 9. Suckling without antidiuresis. The baby was at the breast during the period
between the arrows, labelled B.

Urine voided in preceding 10 min (ml.)
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were provoked by suckling, although the mother felt nothing because
the nipple was completely anaesthetic. The intravenous infusion of 100 ml.
of 7-59, NaCl caused a marked decrease in uterine activity and a sharp
fall in the 10-min urine output (Fig. 8). The myometrium returned to its
former exceedingly over-active state following an intravenous injection
of 5 m-u. Syntocinon (Fig. 4, sect. 2K).

On no occasion did the intravenous infusion of hypertonic NaCl cause
either flow of milk from the nipple or increased uterine activity.

DISCUSSION

It has been shown that the sensitivity of the human myometrium at
term to both oxytocin and ADH may vary greatly in either direction
within the space of a few hours, and that its sensitivity to the former may
be increased a thousandfold within 20 hr merely by performing amniotomy
and administering a purgative. That this change is causally related to the
operation is proved by the fact that the medical induction of labour proved
so unsuccessful in spite of the fact that quinine and oleum ricini were
given and that 5u. of posterior pituitary extract was injected intra-
muscularly every half hour until 30 u. had been given. Evidence has
been given which suggests that no woman goes spontaneously into labour
until her myometrium achieves a sensitivity which responds to the intra-
venous infusion of from 0-2 to 0-5 m-u. a minute of a commercial prepara-
tion of oxytocin. Further, if a woman has a miscarriage or goes into
premature labour her myometrium is responsive to a physiological oxytocin
drip.

The changes which occur in the sensitivity of the myometrium to
oxytocin, ADH and ergot have been recognized for over a quarter of a
century (Knaus, 1926; Robson, 1933; Moir, 1944) but the exquisite sensi-
tivity attained before labour ensues has only been appreciated since the
advent of the oxytocin drip. It must nevertheless be stated that Caldeyro-
Barcia and his co-workers (Caldeyro-Barcia, Alvarez & Poseiro, 1955;
Caldeyro-Barcia & Poseiro, 1959) maintain that the maximum sensitivity
of the human myometrium to oxytocin is reached between the 30th
and 36th weeks of pregnancy, and that the onset of labour is due to
the increased release of oxytocin from the neurohypophysis of the
order of from 4 to 8 m-u./min. The difference in our respective views may
be more apparent than real, for most of the important papers which
Caldeyro-Barcia and his colleagues have published have been concerned
with uterine behaviour during pregnancy and before the onset of labour.
Others have suggested that this change in sensitivity is apparent rather
than real, and is due to the enzyme oxytocinase. The incubation of serum
from blood withdrawn from women at any time after the 12th week until
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the birth of the child inactivates added oxytocin and ADH (von Fekete,
1930; Werle, Hevelke & Buthmann, 1941; Woodbury, Ahlquist, Abreu,
Torpin & Watson, 1946; Page, 1946 ; Hawker, 1955; Dicker & Tyler, 1956;
Dicker & Whyley, 1959).

It is difficult to assign any significance to the increased amounts of
histaminase, oxytocinase and vasopressinase found in the blood during
pregnancy in man. Water diuresis, for example, is inhibited as readily
throughout pregnancy as in the non-pregnant state by the intravenous
injection of physiological amounts of Pitressin (Theobald, 1934a, 1956),
notwithstanding the fact that all observers are agreed that the enzyme
which inactivates ADH is present in the blood throughout the second and
third trimesters of pregnancy. It is the change in the sensitivity of the
myometrium to oxytocin rather than an alteration in the amount of
circulating oxytocinase which determines the onset of labour, for it would
otherwise be difficult to understand how oxytocinase could destroy 5 u.
Pitocin injected intravenously so rapidly as to prevent it from causing a
single contraction.

Oxytocin is destroyed rapidly, for uterine contractions caused by the
oxytocin drip cease soon after the drip is stopped unless true labour has
started. The concept that oxytocin must be liberated at frequent intervals
during the course of labour is supported by the observation that in both
rats and dogs the stores of this substance in the neurohypophysis are
depleted at the time of delivery (Dicker & Tyler, 1953a, b; Fromageot,
1956; Acher & Fromageot, 1957).

The fact that ADH may be as effective as oxytocin in causing the onset
of labour and delivery is surprising and must be regarded as a remarkable
provision of nature, for when given in the non-pregnant state it produces
tachyphylaxis (Figs. 4, 5 (2) and appears to lessen the subsequent response
of the myometrium to oxytocin. The terminal stages of labour are most
commonly associated with marked antidiuresis, which is in part attributable
to the associated anxiety, pain and work, and in part to the fact that at
that time the woman usually neither desires fluid nor is able to absorb
much from the intestines. (Theobald, unpublished observations.) Delivery
would be hindered, if not prevented, were it not for the above recorded
alteration in the response of tLe myometrium to ADH.

The evidence so far discussed would be compatible with the view that
oxytocin and ADH are invariably liberated together and in equal amounts,
but such a conclusion is not supported by the investigations described
in Part 2.

Verney (1946, 1947) postulated that the release of antidiuretic hormone
is physiologically determined by the osmotic pressure of the arterial blood,
and over the years he and his colleagues have all but established that
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these osmoreceptors are situated in the supraoptic nucleus (Jewell &
Verney, 1957). It is not, however, probable that release of ADH, provoked
by attempts at lumbar puncture or by cauterizing the cervix with AgNO,
(Theobald, 19345, 1956, p. 358) or by a just-resented electrical stimulation
of the lumbar muscles (Verney, 1947), is mediated by osmoreceptors.
Neither would it appear probable, notwithstanding the possibility of a
teleological association between lactation and antidiuresis, that the osmo-
receptors are normally concerned with the release of oxytocin.

It is for these reasons that the observations of Andersson (1951) and
of Abrahams & Pickford (1954) are important. The former found that
the intracarotid injection of hypertonic NaCl caused milk ejection in
goats, and the latter that either the intracarotid or the intravenous injec-
tion of hypertonic NaCl into conscious dogs caused increased uterine
activity which was coterminous with the antidiuresis, and concluded that
stimulation of the hypothalamic osmoreceptors by hypertonic NaCl caused
the release of from 15 to 20 times more oxytocin than of ADH.

It has been reported above that the intravenous infusion of hypertonic
saline during the early days of the puerperium caused neither increased
activity of the uterus nor let-down of milk. The difference between these
results and those reported by Abrahams & Pickford (1954) might be due
either to species difference or to the pharmacological amounts of oxytocin
necessary to stimulate the non-pregnant uterus.

The two most significant facts, however, are (a) that suckling can occur
apart from antidiuresis, and (b) that the onset of the inhibition of urine
flow may be delayed for 15 min after the commencement of suckling.
Kalliala & Karvonen (1951) found that in some of their lactating women
suckling was never associated with antidiuresis and one of the explanations
they offered was that oxytocin could be released independently of ADH.
Cross (1951) noticed the same fact in rabbits and suggested that whereas
stimulation of the teats was sufficient to evoke release of the milk-ejection
hormone, passage of milk out of the mamma was necessary to cause
releasc of ADH. This explanation would not apply to lactating women,
for removal of milk is far more efficiently done by an electric pump than
by a new-born babe, but it causes relatively little increase in uterine activity,
rarely causes escape of milk from the opposite nipple and has not caused
antidiuresis on any observed occasion (Fig. 5 (1)).

If suckling can cause uterine activity without antidiuresis it is reasonable
to postulate that oxytocin can be released independently of ADH, unless
it can be shown that the renal tubules are at that time relatively insensitive
to the latter hormone. On the many occasions that this point was tested
during the puerperium it was found that a single intravenous injection
of from 0-1 to 0-5 m-u. Pitressin caused a much greater fall in urine output
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than was caused by suckling. It is clear from Fig. 8 that suckling from
the right breast caused a fall in the urine output, whereas suckling from
the left, during which the mother experienced no sensation, did not,
although it was associated with marked uterine activity (Fig. 4, sect. 2).
That the sensitivity of the renal tubules remained unaffected is shown by
the fact that the subsequent intravenous infusion of 100 ml. of 7-5 9, NaCl
caused antidiuresis. Suckling unassociated with antidiuresis is shown in
Fig. 9, and possibly in Fig. 6, and in the latter it is seen that an intra-
venous injection of 0-5 m-u. Pitressin caused a marked fall in urine output.

It is of course possible to argue that on the above and on other similar
occasions a subthreshold amount of ADH was released, but as this may
occur at all hours of the day and night there seems no valid reason to
associate it with oxytocin release. Indeed the delay in the onset of anti-
diuresis on some occasions provides complementary and almost equally
strong evidence of the independent release of oxytocin. All observers are
agreed that it is released within 3 min of the start of suckling, and if ADH
were released concomitantly antidiuresis should begin to occur shortly
after the effects of the oxytocin are noted. But this is not always the case.

Cross (1951) reported that in rabbits the maximal oliguria occurred
half an hour after suckling, and Kalliala & Karvonen (1951) stated that
in lactating women antidiuresis ‘seemed to consist in a drop in the urine
excretion curve between 15 and 30 minutes after the beginning of the
feeding’. In the above reported experiments the same time lag was noted
on a number of occasions and was the more significant as the urine output
was invariably measured every 5 min, although the 10-min output has
been recorded.

It is evident that ADH release during suckling is not always synchronous
with oxytocin release, which is prompt and invariable, neither does it
always occur. This suggests that separate pathways from the nipple may
be involved in their respective releases. Complete anaesthesia of the
nipple does not interfere with oxytocin release, the stimulus for which
may be an alteration of tension in the alveoli and ducts. The complete
absence of sensation during suckling would appear to lessen the chance
of antidiuresis occurring, but many more tests would have to be made
before this point could be settled (Fig. 8). The converse is more easily
established, for pain caused by suckling a sore nipple caused a much more
marked fall in urine output than had occurred on any other occasion or
has since been noted, although it must be regarded as probable that the
antidiuresis on this occasion included an adrenaline-like element.

Seeing that antidiuresis is frequently but not always associated with
suckling, that when it does occur it may only be after a significant time
lag, that the renal tubules are as sensitive to ADH during the early days



SEPARATE RELEASE OF OXYTOCIN AND ADH @ 459

of the puerperium as at any other time, that the intravenous infusion of
hypertonic saline solution causes antidiuresis but neither increased uterine
activity nor let-down of milk, and that an occasional woman may pass
through labour without any diminution of urine output, it is clear (under
strictly physiological conditions) that either hormone may be released
without any evidence of release of the other. It therefore seems reasonable
to conclude from a functional point of view that the separate release of
both oxytocin and ADH occurs and to conjecture that separate pathways
from the nipple may be involved in their respective releases.

SUMMARY

1. The concentration of oxytocin in the blood which suffices to initiate
labour and effect delivery corresponds with that provided by the intra-
venous infusion of between 0-2 and 0-5 m-u. of either Pitocin or Syntocinon
a minute.

2. The sensitivity of the human myometrium at term to oxytocin
varies widely in either direction in the space of a few hours, and at 30 weeks
may be increased a thousandfold within 20 hr by performing amniotomy
and giving a purgative. The exquisite sensitivity to oxytocin which the
myometrium must attain before labour can occur lasts but a few hours.

3. ADH, which in the non-pregnant state produces tachyphylaxis
and lessens the subsequent response of the myometrium to oxytocin, is
almost equally efficient as oxytocin in starting labour and effecting
delivery.

4. Suckling is frequently associated with antidiuresis, but not always,
and there may be a pronounced time lag between the start of suckling
and the onset of antidiuresis; antidiuresis is less likely to occur if all
sensation from the nipple is blocked.

5. The intravenous infusion of hypertonic NaCl causes antidiuresis but
neither increased uterine activity nor let-down of milk.

6. Itisconcluded that oxytocin and ADH can be released independently
of each other and that it is possible that impulses from the nipple which
cause their respective release may travel along different pathways.

I am deeply indebted to the many patients who volunteered for these experiments, to
the Sisters who encouraged them to do so and thereby became involved in extra work, and
to my junior colleagues who assisted me.

REFERENCES

ABrAaBAMS, V. C. & PicrForD, M. (1954). Simultaneous observations on the rate of urine
flow and spontaneous uterine movements in the dog, and their relationship to posterior
lobe activity. J. Physiol. 126, 329-346.

ANDERSSON, B. (1951). Some observations on the neuro-hormonal regulation of milk-
ejection. Acta physiol. scand. 23, 1-7.

30 PHYSIO. CXLIX



460 G. W. THEOBALD

AnsgLmiNo, K. J. & HoFrMaNN, F. (1931). Ueber den Nachweis des Schilddriisenhormons
im Schwangerenblute und ueber den Einfluss der gesteigerten Schilddriisenfunktion auf
Stoffwechsel, Kreislauf und Nervenerregbarkeit in der Schwangerschaft. Arch. Gyndk.
145, 114-131.

ARCHER, R. & FROMAGEOT, C. (1957). The Neurohypophysis, ed. HELLER, R. Colston Papers,
vol. 8, p. 39. London: Butterworths.

CALDEYRO-BaRrcIa, R., ALvAREZ, H. & PosEIRO, J. J. (1955). Action of morphine on the
contractility of the human uterus. Arch. int. Pharmacodyn. 101, 171-188.

CALDEYRO-BaARcIA, R. & PosEIRO, J. J. (1959). Oxytocin and contractility of the pregnant
human uterus. Ann. N.Y. Acad. Sci. 75, art. 2, 813-830.

Cross, B. A. (1951). Suckling antidiuresis in rabbits. J. Physiol. 114, 447-453.

CusHiNg, H. (1933). Posterior pituitary activity from an anatomical standpoint. Amer.
J. Path. 9, 539-5417.

Dawgk, H. H. (1906). On some physiological actions of ergot. J. Physiol. 34, 163—206.

DICKER, 8. E. & TYLER, C. (1953a). Estimation of the antidiuretic, vasopressor and oxytocic
hormones in the pituitary gland of dogs and puppies. J. Physiol. 120, 141-145.

DICKER, S. E. & TYLER, C. (1953b). Vasopressor and oxytocin activities of the pituitary
gland of rats, guinea-pigs, cats and of human foetuses. J. Physiol. 121, 206-214.

DiIckER, S. E. & TvyLERr, C. (1956). Inactivation of oxytocin and vasopressin by blood
plasma of pregnant women. J. Obstet. Gynaec. Brit. Emp. 63, 690-696.

DICKER, 8. E. & WHYLEY, G. A. (1959). Inactivation of oxytocin by plasma of pregnant
women. J. Physiol. 146, 33 P.

FErGUsoN, J. K. W. (1941). A study of the motility of the intact uterus at term. Surg.
Gynec. Obstet. 73, 359-366.

FromaGgeor, C. (1956). Quoted by FrrzpaTrick, R. J. (1957). On oxytocin and uterine
function; in The Neurohypophysis, ed. HELLER, R. Colston Papers, vol. 8. London:
Butterworths.

Harris, G. W. (1947). The innervation and actions of the neuro-hypophysis; an in-
vestigation using the method of remote-control stimulation. Phil. Trans. B, 232, 385-
441.

Harris, G. W. (1948). Further evidence regarding the endocrine status of the neuro-
hypophysis. J. Physiol. 107, 436-448.

HaTerivus, H. 0. (1940). Evidence of pituitary involvement in the experimental control
of water diuresis. Amer. J. Physiol. 128, 506-513.

HaTeRIUS, H. O. & FERGUSON, J. K. W. (1938). Evidence for the hormonal nature of the/
oxytocic principle of the hypophysis. Amer. J. Physiol. 124, 314-321.

HawkeR, R. W. (1955). Inactivation of antidiuretic hormone and oxytocin durmg preg-
nancy. J. Endocrin. 13, v.

JEWELL, P. A. & VERNEY, E. B. (1957). An experimental attempt to determine the site
of the neurohypophysial osmoreceptors in the dog. Phil. Trans. B, 240, 197-324.

Karriava, H. & KarvoNEN, M. J. (1951). Antidiuresis during suckling in lactating women.
Ann. Med. exp. Fenn. 29, 233-241.

Karriata, H., KarvoNEN, M. J. & LEPPANEN, V. (1952). Release of antidiuretic hormone
during nursing in the dog. Ann. Med. exp. Fenn. 30, 96-107.

Knavus, H. H. (1926). The action of pituitary extract upon the pregnant uterus of the
rabbit. J. Physiol. 61, 383-397.

Morr, C. (1944). The effect of posterior lobe pituitary gland fractions on the intact human
uterus. J. Obstet. Gynaec. Brit. Emp. 51, 181-199.

MovLiTor, H. & Pick, E. P. (1924). Zur Kenntnis der Pituitrinwirkung auf die Diurese.
Arch. exp. Path. Pharmak. 101, 169-197.

MorLrtor, H. & Pick, E. P. (1926). Ueber zentrale Regulation des Wasserwechsels, III,
Ueber den zentralen Angriffspunkt der Diuresehemmung durch Hypophysenextrakte.
Arch. exp. Path. Pharmak. 112, 113-121.

Nixon, W. C. & SmyTa, C. N. (1957). Physiological and clinical aspects of uterine action.
J. Obstet. Gynaec. Brit. Emp. 64, 35-46.

OLIVER, G. & ScHAFER, E. A. (1895). On the physiological action of extracts of pituitary
body and certain other glandular organs. J. Phystol. 18, 276-279.

PaGE, E. W. (1946). The value of plasma pitocinase determinations in obstetrics. Amer.
J. Obstet. Qynec. 52, 1014-1022.



SEPARATE RELEASE OF OXYTOCIN AND ADH 461

PEETERS, G. & CousseNs, R. (1950). The influence of the milking act on the diuresis of
the lactating cow. Arch. int. Pharmacodyn. 84, 209-220.

RoBsoN, J. M. (1933). The reactivity and activity of the human uterus at various stages
of pregnancy and at parturition. J. Physiol. 79, 83-93.

TaEOBALD, G. W. (1934a). The alleged relation of hyperfunction of the posterior lobe of
the hypophysis to eclampsia and the nephropathy of pregnancy. Clin. Sci. 1, 225-239.

THEOBALD, G. W. (1934b). The repetition of certain experiments on which Molitor and Pick
base their water-centre hypothesis, and the effect of afferent nerve stimuli on water-
diuresis. J. Physiol. 81, 243-254.

THEOBALD, G. W. (1936a). A centre, or centres, in the hypothalamus controlling menstrua-
tion, ovulation, pregnancy and parturition. Brit. med. J. i, 1038-1041.

TrEOBALD, G. W. (1936b). Referred pain and in particular that associated with dys-
menorrhoea and labour. Brit. med. J. ii, 1307-1309.

TaEOBALD, G. W. (1941). Referred Pain; A New Hypothesis. Colombo: Times of Ceylon.

THEOBALD, G. W. (1956). The Pregnancy Toxaemias or the Ency ic Atelosit London:
Henry Kimpton; New York: Hoeber.

THEOBALD, G. W. (1958). The separate release of oxytocin and ADH. J. Physiol. 141, 30 P,

TrEOBALD, G. W., GRAHAM, A., CAMPBELL, J., GANGE, P. D. & Driscorr, W. J. (1948).
The use ;71' post-pituitary extract in physiological amounts in obstetrics. Brit. med. J.
ii, 123-127.

TeEOBALD, G. W., KELsEY, H. A. & MUIREEAD, J. M. B. (1956). The pitocin drip. J. Obstet.
Gynaec. Brit. Emp. 63, 641-662.

VErNEY, E. B. (1946). Absorption and excretion of water. The antidiuretic hormone.
Lancet, 251, 739-749, 781-783.

VERNEY, E. B. (1947). The antidiuretic hormone and the factors which determine its
release. Proc. Roy. Soc. B, 135, 25-106.

voN FexETE, K. (1930). Beitrige zur Physiologie der Graviditit. Endokrinologie, 7,
364-369.

voN KoNScHEGG, A. & ScHUSTER, E. (1915). Ueber einen mit Hypophysen—Hochst
erfolgreich behandelten Fall von Diabetes Insipidus. Dtsch. med. Wschr. 41, 1091-1095.

‘WERLE, E., HEVELKE, A. & BuTEMANN, K. (1941). Zur Kenntnis des oxytocinabbauenden
Prinzips des Blutes. Biochem. Z. 309, 270-282.

WoobpBURY, R. A., AurLquist, R. P., ABREU, B., TorPIN, R. & WaTsoN, W. G. (1946).
The inactivation of Pitocin and Pitressin by human pregnancy blood. J. Pharmacol. 86,
359-365.




