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It is well known that the release of oxyto-
cin evoked by suckling in lactating rats is
due to a reflex mechanism. Sensory stimuli
originating in the mammary gland during
suckling are transmitted to the CNS through
the spinal cord and certain structures of the
brain before passing to the hypothalamus.
There is a considerable amount of evidence
showing the role of the CNS in the regulation
of oxytocin secretion in lactating animals
(1). Tt seems that the CNS regulates both
the release of oxytocin and the response of
the mammary gland to the hormone in the
lactating rat (2). Nevertheless, it is not
known if the secretion of oxytocin is gov-
erned solely by the CNS or if it can be
influenced by the level of the hormone in the
blood. There is some evidence showing that
exogenous oxytocin may interfere with the
release of the hormone in the lactating cow
(3) or modify the pituitary concentration of
the hormone in the rat (4).

Several experiments performed in our labo-
ratory have shown the existence of a central
block in the release of oxytocin induced by
suckling which is established 90 min after a
normal suckling period of 30 min (Deis,
R.P., unpublished). In this paper we have
studied the effect of exogenous oxytocin on
the endogenous release of the hormone
evoked by suckling in lactating rats. Some of
the results were communicated to the So-
ciedad de Biologia de Cordoba, Argentina
(5).

Methods. White primiparous lactating rats
(Institute strain) weighing 250-280 g were
used. The experiments were performed as fol-
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lows. Four days after delivery six offspring
were left with the mother in a single plastic
cage with a wire mesh cover. The experi-
ments were started on the 10th day after
birth. The litter was separated from the
mother in the early morning for 9 hr. Before
being returned to the mother, the young were
weighed to the nearest 0.1 g. Then they
were allowed to suckle for a period of 30
min. They were then reweighed and the
weight gain of the young during the time of
suckling was taken as an index of the amount
of milk ejected by the mother and also as an
indirect evidence of oxytocin secretion. The
procedure was repeated during 2 consecutive
days and the results taken as control. On the
third day measurements were taken after ap-
plying the experimental conditions which
were being studied. This was done because it
has been observed that not infrequently the
first time a litter is separated from the moth-
er, the amount of milk subsequently obtained
by the offspring is much smaller than the
amount obtained on the second or third day
of trial (6). In several experimental groups
the same mother was used alternately as a
control and as an experimental animal. In
order to study the effect of neurohypophysial
hormones on the release of oxytocin induced
by suckling, synthetic oxytocin (Syntocinon,
Sandoz) was injected in doses of 500, 250,
or 100 m-u per animal to different groups of
lactating rats, 180, 90, 60, or 30 min before
the replacement of the litter. In another
group, antidiuretic hormone (ADH) (Pitress-
in, Parke-Davis) in doses of 500 or 50 m-u
was injected 90 or 30 min before the replace-
ment of the young. The control group was
injected with normal saline. In one group of
mothers injected with 500 m-u of oxytocin 90
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min before the replacement of the litters a
small dose of oxytocin (20 m-u/100 g body
wt) was injected immediately before the peri-
od of suckling started. In two groups in
which oxytocin, 500 m-u, was given 90 or 30
min before the period of nursing, sodium
pentobarbital (2 mg/100 g body wt) was
also injected intraperitoneally 30 min before
the replacement of the litter. In the groups
injected with oxytocin 90 min before suck-
ling, two 30-min suckling periods were al-
lowed and oxytocin (20 m-u/100 g body wt)
was given immediately before the second
period of suckling in order to induce milk
ejection which was blocked in the first period
by sodium pentobarbital.

In all groups oxytocin, ADH or normal
saline was injected ip in a volume of 0.2- ml.
The hormones were diluted in normal saline.
Student’s ¢ test was used to assess the level of
significance.

Results. Effect of 500 m-u of oxvytocin in-
jected ip into lactating rats, 30, 60, 90 or
180 min, before the replacement of the lit-
ters. In a group of nine rats the mean weight
gain of litters after 30 min suckling of moth-
ers which were injected with 500 m-u 90 min
before the replacement of the young was sig-
nificantly less than that of litters nursed by
the control mothers injected with normal
saline at the same time ($<0.001) (Fig. 1).
In order to establish whether the oxytocin
administered could modify the response of
the myoepithelial cells to the hormone re-
leased by suckling instead of blocking its
secretion, a small dose of oxytocin (20
m-u/100 g body wt) was given to seven
mothers just before starting the suckling peri-
od. With this treatment the young obtained a
normal amount of milk (6.05 = 035 g)
(mean = SEM) which was not significantly
different from that of the control group (5.35
=+ 0.18 g) (Fig. 2). When 500 m-u of oxyto-
-cin was injected to the lactating rats 60 min
before the suckling period, the amount of
milk gained by the litter in 30 min of nursing
was also significantly less than that obtained
by the group nursed by the control mothers
injected with normal saline (<0.001) (Fig.
1). In a group of eight lactating rats injected
with 250 m-u 60 min before the suckling peri-
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Fic. 1. Effect of 500 m-u of oxytocin injected at
different times to lactating animals on the amount of
milk obtained by the litter during 30 min of
suckling. Each column represents the mean weight
gain of the litter and the horizontal line the standard
error. Open column: control rats injected with
normal saline (0.2 ml). (The values represent the
mean of controls of each experimental group). Other
columns: groups receiving oxytocin 30, 60, 90,
and 180 min before the replacement of the litter.
Figures above each column show the numbers of
rats tested.

od, the weight increase of the litter (4.80 *=
0.42 g) was not different from that observed
in the control group (5.00 == 0.36 g).

Exogenous oxytocin (500 m-u) given 180
min before nursing did not cause as great a
reduction in milk ejection. The amount of
milk obtained by the litter in this group did
not differ significantly from that of the con-
trol group. On the other hand, the injection
of 500 m-u 30 min before suckling increased
the amount of milk gained by the young
compared with the amount obtained by the
litters of control mothers injected with nor-
mal saline (»<0.001) (Fig. 1).
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In order to establish whether or not the
amount of milk obtained from rats injected
with oxytocin was due to the effect of ex-
ogenous or endogenous oxytocin, sodium pen-
tobarbital (2 mg/100 g body wt) was admin-
istered to two groups 30 min before the re-
placement of the litter to block the milk ejec-
tion reflex. In one group of six rats injected
with 500 m-u of oxytocin 90 min before suck-
ling, the amount of milk obtained by the
young was 0.53 = 0.24 g in the first 30 min
suckling period and 4.57 = 0.30 g in the 30
min period immediately following just prior to
which the mothers had been injected with
oxytocin (20 m-u/100 g body wt). In the
other group of seven animals injected with
sodium pentobarbital, the rats received 500
m-u of oxytocin 30 min before the suckling
period. The weight gain of the offspring was
5.33 =% 0.49 g indicating that the amount of
milk ejected was due to the effect of the
exogenous oxytocin.

Since no difference was observed between
the different control groups, the column of
control rats in Figs. 1 and 2 represents the
mean of the controls corresponding to the
experimental groups in each figure. On the
other hand, p values expressed in the text
-correspond to the difference between each
experimental group and ‘its corresponding
control group.

Effect of different doses of oxytocin admin-
istered 90 min before the replacement of the
litter. As Fig. 2 illustrates, the amount of
milk gained by the offspring was significantly
less than that of litters nursed by the con-
trol mothers (p<0.001) in the group of lac-
tating rats injected with 250 m-u of oxytocin.
At the same time this dose was significantly
less effective than the 500 m-u dose in reducing
the amount of milk obtained by the young
($<0.05). On the other hand, the weight gain
of the offspring from the mothers injected
with 100 m-u of oxytocin was not different
from that obtained by the young from the
control group.

Effect of ADH on the milk ejection reflex.
In a group of six rats injected with 500 m-u of
ADH 90 min before nursing, the mean
weight gain of litters after 30 min suckling
was significantly less than that of young
nursed by control mothers injected with nor-
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Fic. 2. Effect of different doses of oxytocin inject-
ed 90 min before the replacement of the litter. Each
column represents the mean weight gain of the
young after 30 min of suckling and the horizontal
line the standard error. Open column: control rats
injected with normal saline (0.2 ml). Other columns:
groups of lactating rats injected with 100, 250,
and 500 m-u of oxytocin, respectively. Last column:
group of rats injected with 500 m-u of oxytocin 90
min before suckling and with 20 m-u/100 g body wt
immediately before the replacement of the litter.
Figures above each column show the numbers of
rats tested.

mal saline (p<0.02) (Fig. 3). On the other
hand when 50 m-u of ADH was injected, the
total amount of milk gained by the litter was
not different from that obtained by the young
from the control rats. If 500 m-u of ADH
was injected to a lactating rat 30 min before
nursing, there was no significant change in
the amount of milk obtained by the young.
Discussion. Two different doses of oxyto-
cin, 500 and 250 m-u, when injected 90 min
before replacement of the litters were capable
of significantly reducing the amount of milk
obtained by the young during 30 min of
suckling. However, only the dose of 500 m-u
was effective when injected 60 min before the
suckling period. It seems that not only is a
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F1c. 3. Effect of ADH given by intraperitoneal injection to lactating rats. Comparison between
control groups (open column), groups injected with 500 m-u, 90 and 30 min before the replacement
of the litter (shaded column) and group injected with 50 m-u 90 min before suckling. Each column
represents the mean weight gain of the litter and the horizontal line the standard error. Figures
above each column show the numbers of rats injected.

critical period of time required for oxytocin
to be effective, but also that the dose of the
hormone is important. The effect of oxytocin
on milk ejection when administered to the
mother 90 min before the replacement of the
young seems to be due to a partial block of
the release of the hormone from the neurohy-
pophysis induced by suckling and not to a
peripheral effect on the mammary gland,
since the administration of a small dose of
oxytocin to the mother immediately before
the suckling period induced a normal ejection
of milk (Fig. 2). This would indicate that
oxytocin probably acts at the CNS level. The
results of these experiments agree with some
observations made in our laboratory (Deis,
R.P., unpublished) where it was found that
after a nonsuckling interval of 90 min follow-
ing a suckling period of 30 min, the litters
were unable to obtain milk unless a dose of

20 m-u/100 g body wt of oxytocin was ad-
ministered to the mothers immediately before
the second replacement of the young. The
litters were isolated from the mothers 9 hr
before the first suckling period and then 90
min before the second. It is suggested, there-
fore, that under certain conditions, oxytocin
is capable of blocking its own release.

It is difficult to explain why a dose of 500
m-u of oxytocin can affect milk injection when
it is injected 90 or 60 min before nursing
while 250 m-u is only effective when adminis-
tered 90 min before the replacement of the
offspring. These results indicate that the
small dose requires a period of 90 min to
trigger the stimulus which in turn will block
the release of oxytocin from the posterior
lobe, while the highest dose produces the
same effect in 60 min. It seems probable that
500 m-u of oxytocin starts to be effective 60
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min after being administered and its blocking
effect persists for 1 hr since only a slight but
not significant decrease in milk ejection is
observed when this dose is injected 180 min
before the suckling period. In order to clarify
this point one could speculate about the
existence of receptors at the CNS level.
When a dose of 500 m-u is injected more
receptors are stimulated and the response will
take less time to be elaborated, i.e., 60 min,
while 250 m-u only partially stimulates the
receptors and more time is required for the
elaboration of the response, i.e., 90 min.

From the results observed in the group of
rats injected with 500 m-u of oxytocin 90 min
before the suckling period and with sodium
pentobarbital 30 min before the replacement
of the young, it is possible to assume that
oxytocin, when injected 90 or 60 min before
suckling produces a partial block in oxytocin
release. Thus, the amount of milk obtained
by the litter is due to a small release of
oxytocin induced by suckling and not to an
effect of the oxytocin injected previously. On
the other hand, in the rats injected with
oxytocin (500 m-u) and sodium pentobarbital
30 min before the nursing period, the
amount of milk obtained by the young was
exclusively due to the injected oxytocin. This
result indicates that oxytocin in the dose
administered is capable of producing milk
ejection in spite of being given half an hour
before the suckling period actually starts, in-
dicating a long lasting effect at the mammary
gland level.

The fact that mothers injected with 500
m-u of oxytocin 30 min before the replace-
ment of the litter are capable of ejecting
more milk than the control mothers con-
firmed previous results and support the
hypothesis that the CNS controls milk ejec-
tion by modifying the tonus of the duct sys-
tem. When oxytocin is given before the
young start to suckle, the milk removed from
the alveoli to the ducts prevents the modifi-
cation of the ductile tonus (2). Another ex-
planation may be that the higher milk yield
obtained would be due to an additive effect
of the exogenous oxytocin plus the en-
dogenous hormone released by suckling. This
additive effect may demonstrate also that
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oxytocin (500 m-u) when injected 30 min
before suckling does not produce a blocking
effect on oxytocin release which could be ob-
scured by the milk ejection induced by the
exogenous oxytocin. If this were the case, the
amount of milk obtained by the young
should have been similar to that obtained by
the litters of mothers treated with oxytocin
500 m-u and sodium pentobarbital 30 min
before nursing since the dose of pentobarbital
used completely blocks the milk ejection
reflex (7).

The results obtained with ADH suggested
a specific effect of oxytocin as opposed to
ADH, since only a very high dose of ADH
(500 m-u) elicited a significant decrease in
the amount of milk obtained by the litter.
This decrease was only 20% while 500 m-u of
oxytocin produced a decrease of 70% when
considering the amount of milk obtained by
the young from control mothers as 100%.
Furthermore it is more acceptable to compare
50 m-u of ADH with 500 m-u of oxytocin
considering the ratio of ADH/oxytocin re-
leased by the suckling stimulus in most mam-
mals (8,9).

It is difficult to make a correlation between
the amount of exogenous oxytocin necessary
to induce a block in milk ejection with the
quantities of hormone normally released by
suckling. If an unknown area of the CNS
receives oxytocin secreted from the posterior
lobe, the hormone may reach this area via
the blood system or through a shorter route,
i.e., a direct secretion into the cerebrospinal
fluid (CSF). If we assume that oxytocin
when released from the neurohypophysis may
reach the CNS more directly than through
the systemic circulation, when the hormone is
injected intraperitoneally it may well be
necessary to administer an apparently
unphysiological dose in order to achieve a
similar concentration to that obtained when
oxytocin is secreted during suckling.

With the present results it is not possible
to establish which type of process takes place
in the CNS after the injection of oxytocin in
the lactating rats. Further studies will be
necessary to determine if the blocking effect
is induced by a neural stimulus or by a short
feedback mechanism. According to Knowles
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(10), the CSF may form part of a feedback
system linking the proximal and distal ends
of the neurosecretory complex. In a recent
paper Rodriguez (11) arrived at the same
conclusion, postulating that in the toad the
release of the neurohypophysial hormones is
regulated by a feedback mechanism. Some
morphological evidence is in favor of this
hypothesis (11, 12)., The possibility of an
effect of oxytocin on nervous structures has
received additional support from the work of
Kawakami and Saito (13) who described
various oxytocin-sensitive neurons at hy-
pothalamic level in the cat. Another possibili-
ty to be considered is that a high dose of
oxytocin could elicit at the mammary gland
level afferent impulses which in turn will trig-
ger the CNS. In cows a similar inhibitory
effect of oxytocin on milk ejection has been
described (3, 14).

The results of the present paper might be
interpreted as suggesting that oxytocin plays
a role in the regulation of its own release in
the lactating rat (Fig. 4).

Summary. The effect of different doses of
exogenous oxytocin ranging from 100 to 500
m-u on the milk ejection reflex was studied in
lactating rats which were isolated for 9 hr
from their litters. The litters were then re-

CNS.

nh

F1c. 4. Represents a possible feedback mecha-
nism of oxytocin directly on the central nervous
system (C.N.S.) or through the mammary gland
(mg). nh: Neurohypophysis.
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turned to the injected mothers and allowed to
nurse for 30 min. The ip injection of 250 or
500 m-u into lactating rats 90 min before the
suckling period significantly blocked milk
ejection. A small dose of oxytocin injected
immediately before nursing to the latter
group induced a normal milk ejection indicat-
ing that the blocking effect was not due to a
lack of mammary gland response. A dose of
100 m-u did not block milk ejection. When
oxytocin was injected 60 min before suckling,
only 500 m-u decreased the amount of milk
obtained by the young whereas the 250 m-u
dose was ineffective. On the contrary when
the 500 m-u of oxytocin was injected 30 min
before nursing milk yield was significantly
increased. This was caused by the milk eject-
ing activity of the exogenous oxytocin since
the injection of sodium pentobarbital to
block the milk ejection reflex did not prevent
the pups from obtaining milk 30 min after
oxytocin. Antidiuretic hormone at a dose of
50 m-u did not modify milk ejection, but a
500 m-u dose inhibited it. It is suggested that
oxytocin may regulate its own release in lac-
tating rats.
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