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1.

ABSTRACT

In experiment I, the effects of administration of
hydrocortisone acetate, prolactin and oxytoein,
singularly and in -combination; on lactational
performance of rats were studieds Ninety mature
female rats of the Carworth strain were bred and on
the 4th day postpartum the litters were reducsed to
slx young each. The rats were divided into nine
groups, each group containing ten rats.  All in- _
Jections were given subcutaneously, in O.l ml saline,
once dally, exoept oxytocin whioch was given twiloe
daily. The injections were given from the 4th day
to 17th day postpartum. On the 18th day the dams
were killed and the pituitary, adrenals and ovariles
were removed, cleaned and weighed. Each group received
the following treatment:

a. Controlg, saline 0.86%.

b Hydrocortisone acetate 0.25 mg.

ces Hydrocortisone acetate 0.5 mg.

d. Hydrocortisone acetate 1.0 mge.

e. Oxytooin 1 I.U. '

f. Prolactin 1 mg.

g Hydrocortisone acetate 0.26 mg and

prolactin 1 mg. and oxytoein 1 I.U.
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2.

he Hydrocortisone acetate 0.5 mg. and
prolactin 1 mg. and oxytocin 1 I.U.

i. Hydrocortisone acetate 1 mg. and
prolactin 1 mg. and oxytocin 1 I.U.

When injJected individually into lactating rats,
hydrocortisone acetate, oxytoocln and prolactin,

only hydrocortisone acetate at the 0.6 mg. dose
level increased milk secretion significantly,
whereas oxytocin and prolactin had no effect. When
all hormones were injected in combination, increases
in lactation were no greater than with hydrocortisone
acetate alone. (Hydrocortlsone acetate was effective
in increasing milk secretion probably because during
lactation the adrenal cortex secretes less than
optimal amounts of gluscosorticoids and hence small
amounts of additional glucocorticoid have beneficial
effects in inoreasing milk secretion. Oxytocin and
prolactin were not effective in inoreasing milk
seoretion. During lactation these two hormones are
seoreted in optimum amounts and hence additional

amounts have no erfect;)
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3« Dams recelving saline, oxytocin and prolactin alone
each gained in average body weight by approximately
20-25 gms., while those receiving 0.25 or 0.5 mg.
hydrocortisone acetate galned in average body weight
by only 7-10 gmse Dams injected with 1.0 mg. hydro-
cortisone acetate lost about 8 gms. in average body
welight during the injection period.

4. No significant difference was observed in the average
welght of the pituitaries between the different groups.
However, the average weights of the adrenals and
ovaries were significantly lower than controls in
the groups which received 0.6 and 1.0 mge. hydro-

cortisone acetate.

5. (&n experiment II, the effect of prolactin on
lactational performance of oophorectomized rats
was studied. Twenty mature female rats of the
Carworth strain were bred. On the 2nd day postpartum
both the ovaries were removed while the rats were
under light ether anesthesias They were divided into
two groups of ten rats each. Litters were reduced

to six young each on the 6th day postpartum. Group I
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received 0.85% saline and group II received prolactiﬁ)

(1 mg. daily) during the 4~17 day-period of lactation.

On the 18th day, the dams were killed and the adrenals,
ovaries and pituitaries were removed, cleaned and

welght. Dams and litters were weighed dally.

6e (No significant difference was observed in average
litter weilght gain during the 4-18 day-period between
the oophorectomized and intact groups. This shows
that sufficient prolactin 1s secreted after parturition
to luteinize the ovaries (luteotropic action) and to
maintain optimal lactation. This also shows that
the functional ovaries of the rat after parturition

do not inhibit milk productlon.)
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INTRODUCTION

It is well known that completion of mammary growth
alone does not initiate lactation; thus, factors other
than'those necessary for mammary growth must be present
to initiate and later, to maintain lactation. Although
this subject 18 still not free from controversy, there is
sufficlent evidence to show that several endocrine factors
are essential for the malntenance of established lactation.
Folley and Young (1940) and Bergman and Turner (1940)
independently suggested the term "galactopolesis" to
deaignaté the stimulation of established lactation, and
tms they drew a distinction between the initiation of
lactation (lactogenésis) and its maintenance, onoce
established.

. It 18 very well known that lactation in most mammals
rapldly reaches a peak and subsequently declines over a _
long period of time. Various studlies have been carried
out in order to determine the factors responsible for the
decline in lactation. These studies include:

1) Administration of hormones during the decline to

stimulate milk production in farm and laboratory
animalse.

2) Removal of an endocrine gland or glands and
replacement therapy to maintain normal lactation.

3) Maintenance of mammary structure and functional

integrity by hormonal administration after removal
of milking stimulus.

1



4) Bioochemical Etudies,
5) _Nutritional studies.

The removal of the hypophysis in any stage of lacta-
tion in laboratory animals has been shown to cause a
rapid and abrupt cessation of lactation (Gomez and
Turner, 1936a; Hill et al., 1935). However, it was
shown that lactation could be maintained in hypophyseoto-
mized animals by administration of orude hypophyseal
extracts (Gomez and Turner, 1936b; Houssay, 1935). These
earlier studles showed the importance of the role of the
pituitary in maintaining lactation. However, it is not
still precisely known how many hormones of the pitultary
are involved in normal maiﬁtenanoo of lactation. Variations
in kind and amount of hormonal requirements have been found
to vary in dl;terent specles.

The importance of the adrenal cortical hormones for
the maintenance of lactation is very well established.
Adrenalectomy during lactation results in cessation of
lactation, but replacement with adrenal cortical hormones
can maintain lactation partially or completely. However,
the precise role of the various adrenal cortical hormones
in maintaining lactation is not known.

It 18 very well established that the msintenance of



the lactating mammary gland in a state of funotional integrity
is dependent upon the -continued application of suckling or
milking stimulus (Selye, 1939; Bruce; 1958; Nicoll and
Meites, 1959). There is evidence that the suckling v
stimulus during lactation causes the release of oxytocin
(Petersen et al., 1942; Cross and Harris, 1960, 1951),
prolactin (Reece and Turner, 1937; Meites and Turner,
1948) and ACTH (Tabachnigk and Trentin, 1951; Gregoire,
1946) from the pitultary. It haa been reported that
injections of prolactin (Willlams, 1945; Jomnson, 1967)
or oxytoocin (Johnson, 1957; Benson and Polley, 1956) to
lactating mother rats after removal of their litters
inhibit involutionary changes in the mammary glands. It
has been shown that cortisone administration can signifi-
cantly retard mammary involution in rats after litter
removal, and ocan maintaln milk secretion at a higher level
during the declining phase (Jomson and Meites, 1958).
Meites and Nicoll (1959) have shown that injections of
hydrocortisone acetate, oxytooin and prolactin, in
combination, can retard mammary involution as long as 70 = 75
days after litter removal on the 4th day postpartum.

(?heae studlies suggested that seoretion of oxytoecin,
prolactin and ACTH or dorticolds may be limiting factors



in the lactational performance of rats after parturition.
Therefore it was of interest to know whether these three ~
hormones administered singularly or in combination could
increase normal milk production in the rat.

In the rat, prolactin has been shown to have luteo-
tropic activity. Lyons (1958b) suggested that prolactin
injected into rats bearing ocorpora leutea of lactation,
might be utilized by the corpora lutea to promote the ./
secretion of progesterone, thus stimulating mammary growth
and antagonlizing lactation. Therefore it was of interest
to determine the effects of ovariectomy and injections of

prolactin into ovariectomized rats on milk ylelds.



I
REVIEW OF LITERATURE

Reviewing the literature is a very informative and
interesting experience. One galins a feeling of gratitude
towards those pioneers in the field of the physiology of
milk secretion who were so instrumental in laying the
ground work for a better understanding of such a complex
process as milk secretion on the basis of keen observation,
curiosity and painstaking effort. From this background
comes much of the knowledge we presently have of this
subject.

The literature on lactation is voluminous. This
well indicates the importance of this subject, not only
from a commercial point of view but also from the point
of view of acquiring basic understanding of the process
of milk secretion. In recent years great advances have
been made, and much 1s known about the general and some
specific aspects. However, many of the fundamental

processes still remain to be elucidated.

l. Endocrine Control of Postpartum Lactation
in Hypophysectomized Animals.

The earllest reports on the maintenance of lactation
after hypophysectomy are thosp of Gomez (1939, 1940) who
found that rats hypophysectomized during lactation could



rear their litters, if given anterior pituitary extract,
adrenal cortical extract, glucoss and posterior pituitary
extract. He used posterior pituitary extract at a time when
the role of posterior pituitary in lactation was not fully
understood.

Recently, experiments have been carried out in hypo-
physectomized rats to determine which hormones of the
pituitary are necessary for maintaining lactation adequate
to support average-sized litters. It is now commonly
accepted that hypophysectomized test animals should be
used in lactational studies in order to eliminate possible
disturbing factors due to the action of endogenous pituifary
hormones.

Nelson et al. (1943) showed that lactation ocould not
be induced in the hypophysectomized guinea pig with lacto-
genic hormone and deoxycorticosterone. They also reported
that they could induce and partially maintain lactation in
hypophysectomized guinea pigaswith lactogenic hormone and
17-hydroxy-ll-dehydrocorticosterone.

Cowie (1957) showed that slight maintenance of milk
secretion, in rats hypophysectomized on the 4th day of
lactation, could be obtained by administration of orude /
anterior-pituitary extraots or prolaoctin alone (256 I.U.

twice daily). 8lightly higher milk yield was obtained with






a larger dose of prolactin (50 I.U. twice daily): Neither
GH nor ACTH when administered alone had any replacement
value, although a slight replacement was obtained when they
were administered together. In no case was complete main-
tenance of lactation achleved, although ylelds of almost
half the normal were obtained with prolactin and ACTH, or
prolactin and GH.

Bintarningsih et al. (1957) were able to obtaln
considerable maintenance of milk secretion in the hypo-
physeotomized rat with prolactin and cortisol acetate or
prednigolone acetate. Lyons et al. (1968) hypophysectomized
rats on the 12th day of pregnancy. In these animals th§
mammary gland developed in response to placental and
ovarian hormones. Normally such animals after partumnjtion
secrete a small amount of milk for a day before regressing.
They found that they could maintain lactation by 1njeot1qg
prolactin and prednisolone acetate, and assumed that the
endogenous secretion of oxytoein oontinued because the milk
ejJection reflex was found to be regenerated within ten days
after hypophysectomy. They showed that GH or thyroxine
administrations had no effect in enhancing lactation; the
milk yleld, however, of the rats injected with prolactin
and either ACTH or cortisol was only about 50% of normal.
The hypophysectomized mother rats showed gains in body

/



weight when GH and thyroxine were given. But those rats
which received prolactin plus cortisone lost considerable
body weight. Thuse in hypophysectomigzed rats prolactin,

ACTH and possibly GH appear to be components of a pituitary /

ocomplex concerned in the maintenance of mllk secretion.



2. Neural Control of Anterior and Posterior Pitultary

Secretions during Lactation.

Much of the milk present in the mammary gland just
before suckling or milking i1s in the alveoli and ducts
from which it can be removed by the squeezing action of a
contractile effector tissue, the myoepithelium, which forms
a network surrounding each alveolus. This is a reflex
respongse to the stimulation of teat or other atimuli, often
psyohic, to which the animal has been oconditioned. Thus
the active but unoonsoclous participation of the nursing
mother 1s essential if the milk is to be made available
to the young. Once it was believed that this milk-ejection
reflex consisted of a purely neural arc (Harris, 1958).

Gains (1915) reported that pups suokling an anes-
thetized bitch usually obtained no milk. Thus anesthesia
inhibited the milk-ejection reflex. However this inhibition
wag overcome by the injection of posterior pitultary extract.
Turner and Slaughter (1930) suggested that milk-ejeotion
reflex might act through the posterior pituitary gland.
Ely and Petersen (1941) showed that milk-ejection could
ococur in response to the normal milking stimulus in one
half of the bovine udder in which two nerves, believed to
carry all the efferent fibers to the gland, had been cute.
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Petersen and Ludwick {(1942) showed that blood collected
from coweg after stimulation produced ejection of milk when
perfused through the isolated cow udder: These studies
indicated that this reflex consists of a neurohormonal arc.
This involves the release of a hormone, probably oxytocin
from the posterior pituitary which causes contraction of
the myoepithelium surrounding the alveoli and thus squeezing
out the milk (Harris, 1958).

There is now considerable evidence that the suockling
stimulus during lactation also causes release of prolactin
(Reece and Turner, 1937; Meites and Turner, 1948) and
ACTH (Tobachnick and Trentin, 1961; Gregoire, 1946) from
the anterior pituitary, which are essential for the
maintenance of normal lactation. Thus the suckling stimu-
lus appears to play a central role in the two main phases
of lactation -- milk secretion and milk ejection. Harris,
(1955) suggested that there 1s considerable evidence in
favor of the view that anterior pituitary secretions are
stimulated by the liberation from the hypothalamus of some
humoral substance (&) into the primary plexus of the
hypophystal portal system. It i1s believed that thié
substance i1e then ocarried in the portal circulation to the
anterior lobe. Varlous suggestions have been made regarding
the nature of the humoral substance (s).
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Benson and Polley (1956, 1957) suggested that oxytooin /
might be a humoral link for the release of prolactin or the
whole galactopoletic complex from the anterior pltultary.

The basis for such speculation was mainly the ability of
oxytocin to retard mammary'gland involution in the rat and
galactopoletic effect observed with oxytocin in ruminents
by many other workers (Adams and Allen, 1952; Sprain et al.,
1964; Donker et al., 1954) and in the rat by Jomson (1958).
However, oxytocin injJections have not been shown to alter
pituitary prolactin content in rats {Meltes and Turner,
1948; Jolmson and Meites, 1957), gulnea pigs or rabbits
(Meites and Turner, 1948). Grosvenor and Turner (1958) ~
reported that injection of oxytocin in anesthetized
lactating rats failed to alter pituitary prolactin content
from the control prenursing level. Donovan and Vander
Werff ten Bosch (19567) reported that milk secretion could
be maintained in rabbits in which the hypophyseal portal
system was destroyed and which received only oxytocin.
These studies are in contrast to the views held by Benson
and Folley that oxytocin is the humoral link in anterior
pituitary seoretions. '

Meites (1959) and Meites, Nicoll and Talwalker (in
press) have recently shown that acetylcholine, epinepirine

and gerotinin can initiate milk secretion in virgin female
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rats primed with estrogen: These three substances also
retarded mammary involution after litter removal on the
4th day postpartum. This suggests that probably one or
more of these substances may be involved in the humoral
1ink between the hypothalamus and anterior pituitary,

resulting in the release of prolactin and perhaps other

hormones favorable to lactatione.
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3. Endocrine Control of Postpartum Lactation in

Adrenalectomized Animals.

Carr (1931) reported that removal of adrenals resulted
in complete cessation of lactdtionin rats. These results v/
were confirmed by Swingle and Pfiffner (1932), Brownell
et al. (1933), Gaunt (1933), and Britton and Kilne (1936).
Meites et al. (1942) showed that adrenalectomy did not
prevent initiation of milk secretion at parturition, but
lactation was only of shoft duration, in rats.

In these earlier studies both partial aqd complete
cessation of milk seoretion aftor adrenalectomy had been
reported. On the other hand it has been shown by many
workers that lactation can be maintained in adrenal-
ectomized rgta by administrating adrenal cortical extracts /
(Nelson and Gaunt, 1937; sohhitz, 1937; Gomez and Turner,
1937). The characterization and ‘synthesis of different
adrenal cortiocal hormones stlﬁulated further studies in
order to ascertain the role of the adrenals in lactation.

Gaunt (194l) reported that deoxycorticosterone was
incapable of maintaining lactation in adrenalectomized
rats. However, Nelson and Gaunt (1937) observed that
deoxyoortioosterone had a slightly beneficial effect upon
established lactation in the rats. They concluded that
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alterations in the electrolyte and water balance had an
aﬁverso effect upon lactation.

Gomez and Turner (1937), while studying the effect
of adrenotropic principle on lactation, suggested that a
carbohydrate metabolism disturbance appears to be more
important than Qater and electrolyte balance in maintaining
lactation. Gaunt et al. (1942) found that in adrenalecto- /
mized-lactating rats complete restoration of lactation
could be obtained by the administration of 1l7-hydroxy-ll-
dehydro corticosterone (cortisone). They concluded that
while restoration of normal electrolyte metabolism was
helpful for maintenance of normal lactation, the limiting
faot;r for maximum lactation appeared to be glucocorticoids
- which are concerned with carbohydrate metabolism.

Polley and Cowie (1944) reported that they could
obfaip better maintenance of lactation in adrenalectomigzed
rate with deoxycorticosterone compared with ll-oxygenated .
sterolds. However they could not obtain complete mainfon-
anoce with deoxyocorticosterone alone (Cowle and Folley,
1947). Cowie (1962) reported complete maintenance of
lactation in adrenalectomized rats by administering
cortisone and dcoxyoorticbsterone together.

Cowie and Tindal (1957) showed that in lactating
goats there was a rapid inhibition of milk secretion after






15

adrenalectomy. They could obtain partial to complete
maintenance of lactation by implanting tablets of cortisone
or cortlisone acetate and deoxycorticosterone acetate.
Deoxycorticosterone acetate appeared to be the more

critical component of the combinatione.



16

4, QGalasctopoletic Studies in Laboratory and

Farm Animals.

Following the demonstration of lactogenic propertles
of anterior-pituitary extracts by Stricker and Grﬁtor
(1928) in ovarieoctomized, pseudopregnant rabbits, galacto-
poletic studies of anterior pituitary extracts were
carried out in laboratory and farm animals.

The earliest report is that of Azimov and Krauze
(1937) who showed that injections of ox-anterior-pituitary
into cows produced a marked temporary increase in milk
‘production. They found that the treatment was most
effective during the first 4 months of lactation during
which time the yleld was increased slightly above the
natural peak value.

Asdell et al. (1936) reported that in goats the
anterior pitultary extracts were effective during the
declining phase but not at the peak of lactation. 8Similar
results have been obtained in cows. Folley and Young
(1938, 1939, 1940) showed that they could obtain higher
milk‘yeil¢ during the declining phase by administering
anterior pituitary extracts on milk secretion in cows
was only temporary even when injections were continued

over a longer period of time. They also reported that they
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ecould not delay the onset of decline of lactation by
administering crude saline extracts. Folley and Young
(1945) obtained a esigmoid dose response curve for single
injections of crude ox-anterior-pituitary extracts in
cows. '

Riddle et al. (1933) were the first to extract the
lactogenic hormones following its discovery by Stricker
and Gruter (1928). This hormonal principle caused.
enlargement and secretion of the pigeon orop gland.

After this discovery various prolaotin preparations were
prepared and studies were made to determine its galacto-
poletic effect.

Folley and Young (1938, 1939, 1940) showed that single
injections of partially purified prolaotin preparations in
cows were ineffective in causing increases in milk production ‘
during the declining phase of lactation. This was in oon-
trast with the marked gélactOpoietic effect shown with
single injeotion of anterior pituitary extracts. However
they could obtain higher milk yield with repeated injections
of high dogses of prolactin preparations, but in some cows
this initial stimulating effect soon disappeared though
the treatment was continued. They also found that thelr
prolactin preparation showed no correlation between prolactin

content and galactopoletic effect.
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It became apparent that prolactin was not the only
pituitary-hormone involved in the maintenance of lactation,
and the galactopoietic activ;ty of crude anterior pituitary
extract was not due to only a single hormone. Folley and
Young (1941)-auggested~the ooncept of a pituitary galacto-
poletic hormone-complex. Recent advances in identification,
purifioﬁtion and knowledge of chemical and biochemical
properties of anterior pituitary hormones, has made 1t
possible to study their galactopoletic activity, singulariy
and in combination, in order to elucidate the pltultary
galactopoletic hormone-complex.

Roy (1947) studied the relative galactopoletioc
activities of anterior pituitary extracts, prolactin,
thyroxine, ACTH, whole anterior pituitary extracts plus
thyroxine and ACTH plus prolactin in cows. He found that
all hormonal preparations were active in stimulating milk
production in cows during the declining phase of lactation.
~ However, the responaée to the ocomblned treatment were found
to be greater than any single treatment. Cotes et al.
(1949b) showed that single injections of 40 mg. purified
prolactin had no effect on the milk yleld of lactating
cows. However, these cows were responsive to unfractioned
ox pituitary extracts.

Balmain and Folley (1952) study¥g the galactopoletic
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effects of various anterior pituitary extracts, found that
diabetogenic anterior pituitary fractions showed marked
galactopoletic activity in the cow. Cotes et al. (1949a)
showed that purified growth hormone (GH) from ox anterior
pitultary had diabetogenic effectgin the intact cate Cotes
et al. (1949b) reported that single injection of purified
GH (30 mg.) resulted in marked temporary increase in milk
yield during the declining phase of lactation in oows.
This galactopoletic eff?ot of GH in cows has been confirmed
by other workers {Donker and Petersem, 1951, 1952) in
single inJjection tests, and also by Chung et al. (1963),
Wrenn and Sykes-(1963) and Brumby and Hancock (1955) who
observed substantial increases in milk yield in response
to series of daily injecotions. Jordan and Shaffhausen
(1954) hawereported marked increases in milk production
with GH in lactating cwes: o

Shaw (1956) injected cows in various stages of
lactation with 60 to 100 mg GH daily for periods varying
from a few days to seven weeks. He could elicit and
malntain a 26-50 per cent inorease in milk production_
during the injection perliod. The fat percentage in milk
was found to be inocreased by 120 during a 14 day injection
period. It was q}so found that administration of GH prior
to or rollow;ng parturition resulted in lasting effects in



milk production after GH was discontinued. Shaw suggested
that the action of GH on lactation may be that of increasing
the availability of milk precursors in the blood, increasing
the efficlency of milk secoretion or producing an increase
in growth of mammary tissue.
Meites and Reineke (1955) studied the effect of GH
on lactation in goats. They obtained about a 12-16 per
cent increase in milk production by injecting 50 mg. of
GH dally for 5 days. These goats were receiving Protamone,
a thyrold-active material, before GH treatment was started.
" Meites and Reineke (1955) showed that the marked decrease
in milk production following removal of Protamone could be
corrected partially by GH. They interpreted these results
as suggesting that the galactopoletic actions of thyroid-
active substances may be mediated through an inocreased
secretion of GH by the pitultary. However, additional
studies by these workers (unpublished) indicated that the
effects of GH and Protamone were exerted independently.
Hutton (1957) studied the effect of GH on the yleld
and composition of cow's milk. The results obtained showed
& highly significant linear relationship between the log
welght of a single injection of GH and increase in the
milk yleld obtained in ocows during the decline of lactation.
When he decreased the doses or'GH, he obtained a significant



increase in fat yield relative to the yleld of non-fatty
solids. Administration of GH also appeared to increase
the effiolency of conversion of food to milk., Hutton
suggested that the galactopoietic effect of GH appeared to
be glule to its ability to inorease the functional efficiency
of the alveolarcellss

In contrast to the positive findings with GH in cows
reported by many workers, there is a report by Flux (1956)
who found decreasesin mil}: yield after single injeotions
of purified growth hormone in the cow (40 mg) and goat
(20 and 30 mg). The results in goats are also in contrast
to that reported by Meites (1955) who obtained a 12-15%
inorease with GH., The virtually negative results obtained
by Hutton may be due to lower doses of GH used (20 and 30
ng). Meltes in his experiment used 50 mge. daily for five
days.

Meites (1957) reported that injections of one mg. GH
in rats for 12 days starting on the 6th day postpartum had v
'no galactopoietic effect. The xﬁothars receiving GH
injections benefited by a significant increase in body
welght. Grosvenor and Turner (1959a) claimed about a
407 increase in milk production in rats by daily injection
of one mg-of GH during the 7-13th days postpartum. However
their method of measuring milk yleld is open to criticism.



They considersd the amount of milk obtained (stomach content)
by a litter of 6 during 30 minutes nursing on the l4th day
postpartum as an index of lactation, and yet found no
increaae in growth by these -litters. They also reported
that the milk yleld was greater when oxytoxin was inJjected
in combination with GH. ‘ "

It thus appears that GH may be a limiting factor in
the decline of lactation in the cow (Cotes et al., 1949Db;
Foll;y, 1955; 8haw, 1955; Donker and Petersen, 1951-1962;
Chung et al., 1963; Wrenn and Sykes, 1953; and Brumby and
Hanoock, 1955), sheep (Jordan, 1959), and goat (Meltes,
19565). However 1t does not appear to be a limiting factor /
in the decline of lactation in the rat.

Roy (1947) reported that injections of ACTH or ACTH
and prolactin caused significant increasses in milk pro-
duction in cows. However Cotes et al. (1949b) found that
single injections of approximately 100 or 200 I.U. of ACTH
in cows caused temporary decreases in milk production
iather than an 1ncrease. B8imilar results were reported by
Flux et al. (1954). Bhaw (1955) reported that administra-
tions of purified ACTH (100-300 I.U.), hydrocortisone alcohol,
" cortisone acetate or hydrocortisone acetate (6 gms.) caused
pronounced decreases in milk production in cows. He also
found that the decline in milk production due to ACTH
administration could be correocted by simultaneous adminis-

tration of GH in cowse.
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Meites (1955) reported that administration of cortisone,
100 mg./day for &€ days did not cause any reduction in milk
production in goats. Johnson and Meltes (1958) showed
that daily injection of 0.5 mg. cortisone acetate in rats //
resulted in a significant rise in milk produection, as’
Judged by growth rate of litters during an 18 day postpartum
period. Apparently pure corticosterolds vary in their
effectiveness in replacing the adrenals in lactatlion. ACTH
might favor or antagonize lactation, depending upon the .
quantity and quality of steroidal output by the adrenals.

Although thyroid-active substances were not used in
the present study, they are briefly considered here since
they have been shown to increase milk production 1n.
ruminants. The earlier experiments by Graham (1934a)
showed that either thyroxine injection (1934b) or feeding
of dried thyroid gland (1934a) increased the milk and fat
yeild of Adailry cows. These results were confirmed with
goats and cows by many other workers (Jaock and Bechdel,
' 1935; Folley and White, 1936; Herman et al., 1938). On
the other hand complete thyroidectomy or thiourea feeding
have been shown to reducoﬁhilk secretion in cows (Blaxter
et al., 1949). Experiments with iodinated casein, first
reported by Reineke (1942); Reineke and Turner (1942) and
confirmed by others indicated that properly prepared
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jodinated casein has galactopoietic effects in ruminants.
However great variability in milk production has been
obtained by feeding iodinated casein or injecting thyroxine.
These variations are due to a number of factors such as

the dose employed, phyaiologloél’statua of the cow, length
of treatment, nutritional status, etsc. (Blaxter, et al.,
1949).

Chen et al. (1955) reported that the thyroid was
unnecessary for mammary development and milk secretion in '
hypophysectomized, oophorectomized, adrenalectomlzed and /
thyroidectomized rats. Lyons et al. (1958) and Cowie (1957)
found that thyroxine had no effect in enhancing milk
secretion alone or in combination with prolactin and
ACTH or oortisone in hypophysectomized rats.

Meites (unpublished) observed that thyroxine had no
effect in retarding mammary 1nvoiution and maintaining
_milk gsecretion after litter removal on the 4th day post-
partum in rats. On the other hand Desclin (1949) and
Grosvenor and Turner (1959b) reported increases in milk
seoretion in rats following dally administrations of
l-thyroxine. The amount of milk obtained by a litter of 6
Young during 30 minutes suckling on the 14th day postpartum
was used as the index of response by Grosvenor and Turner.
This method of acceésing the milk yleld 1s open to criticism,
since the young did not show any increase in growth rate

despite an apparent increase in milk intake.



I
MATERIALS AND METHODS

It 18 difficult to accurately measure lactational
responses in small laboratory animals when compared to
larger animals such as the cow and goat, in which, by use
of milking machines, the milk can be almost quantitatively
withdrawn. 8Since it i1s difficult to measure milk output,
it 1s necessary to employ survival of litters and litter
growth curves as measures. ' In these experiments litter
growth rates have been employed. This 18 not an absolute
but only relative index of lactational response, since the
daily weight loss due to excreta and insensible perspira-
tion are not measured.

Cowie (1946) used a logistic equation and plotted a
mean growth curve for litters of lactating dams from birth
to 16 days of age and obtained a sigmoid curve. The points
from the 6th to 11th days of lactation, in this curve fall
on a straight line. He found that during this 6 day period
the average increment in litter welght was approximately
constant a8 well as at a maximum for each rat. The weight
gain of litters during this perliod, Cowie termed the
#litter growth index" and he used 1t as a quantitative
me&sure for lactational responses in rats. This 1s not

believed to be a true reflection of milk yleld but is

25



26

estimated by Cowle to be roughly 60-€60 per cent of the true
output.

Johnson (1957) showed that cortisone administration. Y,
during the initial phase of lactation (0-5th day) did not
have any significant effect on litter growth. However
significant increases over that of the controls were
obtained when coitisone was administered during later
periods of lactations, 6th=-10th days.and 11lth-18th days.
Therefore in this experiment 1t was decided to carry out
hormonal treatments during the 4th-17th days of lactation.

In Experiment I, 90 mature female albino rats of the
Carworth strain were bred. Once pregnancy was established,
the dams were placed in individual cages. These cages
~were designed to make the dam's ration inaccessible to the
young throughout the experimental period. This insured
that the young received food only from their mothers. The
food and water was avallable to dams ad libitum. The
animals were kept in an air-conditioned room with a
temperature of 743$1° p throughout the experiment. Constant
artifioclial lighting was provided in the room from 7:30 A.M.
until 9:30 PeMe The rats weighed between 220-275 gms. at
the beginning of the experiment.

From the day of parturition to the 18th day of lactation
the rats and litters were weighed dally at approximately the



same hour of each days On the 4th day after parturitien
the litte:s were reduced to 6 young each: This gives a

better chance for survival of the young and standardizes
the number per group.

The litters were randomly divided into 9 groups of
uniform weight: All injections were administered sub-
cutaneously, dally,the 4th day postpartum to the 17th
day postpartums On the 18th day the dams were killed.

The ovaries and adrenals were removed, dissected free from
oconnective tissue and their welghts were recorded. Similarly
the pituitary was removed and weighed on a Roller-Smith
balance. ‘

The following injection schedule was carried out once
dailly except for oxytoocin which was injeocted twice daily:

(1) Controls, saline (0.85%).

(2) Hydrocortisone acetate, 0.25 mg.

(3) Hydrocortisone acetate, 0.5 mg,

(4) Hydrocortisone acetate, 1.0 mg.

(5) Prolactin (20 I.U.), 1 mg.

(6) Oxytocin (20 I.U./mg.), 1 I.Us

(?) Hydrocortisone acetate, 0.25 mg.; prolactin,

1l mg. and oxytocin, 1 I.U.
(8) Hydrocortisone acetate, 0.5 mg.; prolactin,
1 mg. and oxytoein, 1 I.U.
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(9) Hydrocortisone acetate, 1 mg.; prolactin,
1 mg. and oxytocin, 1 I.U.

All injections were given in a 0.1l co. solution.

In Experiment II, 20 mature female albino rats of the
Carworth straln were bred. On the 2nd day after parturi-
tion both the ovaries were removed under light ether
anesthesia. The rats were divided into two groups.

Group I received saline daily while Group II received

1 mg. prolactin (20 I.U./ mg.) daily during the 4th-17th
days postpartug. Dems and litters of six young each were
weighed dally. On the 18th day postpartum the dams were
killed and the adrenals, ovaries and pituitary were removed
and weighed on a Roller-Smith balance.



III
EXPERIMENTAL RESULTS

l. Effects of Hydrocortisone Acetate, Oxytocin
and Prolactin on Lactational Performance in Rats

The results of this experiment are summarized in
Tablés 1-4. Dams recelving saline, oxytocin or prolactin
galned in average bpody welght by about 20-256 gma. during
the 18 days perliod. Dams recelving 0.25 or 0.5 mg. hydro-
cortisone acetate gained in average body weight by only
7-10 gms. However the dams which received 1.0 mg. hydro-
cortisone acetate lost in average body weilght by about
8 gms. during the 18 days period.

No significant differenceswere found in the average
welghts of pitultaries in the groupss However the average
welghts of the adrenals and ovaries are significantly lower
than the controls in the groups which received 0.5 and 1.C
mge. hydrocortisone respectively.

There was no significant difference in average litter
growth rate, total and dally, during the 6-10 day perilod
(Cowle's litter growth index) between the controls and
the groups receiving oxytocin, prolactin, or hydrocortisone
acetate at a dose of 0.25 mg. These groups also did not
show any significant difference in their average litter
growth rate during the 11-18th days or 4~-18th days from the

controls.
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The group which received 0.5 mge. hydrocortisone
acetate daily, shoﬁed significant increases over the
controls in average litter growth rate, total and daily,
during the first 6-10 days perlod (Cowle's litter growth
index), 11-18 days period and 4-18 days period. This
group gained approximately 18 per cent more in average
body weight during 4-18 day égriod than the controls.
The group which received l’mg{.hydrocortisone acetate
showed a significant decrease in average litter welght
gain during the 4-18 days perlod. However there waé no

;1gn1ricant difference during the first 6-10 days between
th& groups recelving 0.5 and 1.0 mg. of hydrbéort;éﬁﬁgmnm
acefété, respectively. | |

There were no significantly greater increases in
average litter growth rate when the rats were given 1 I.U,
oxytocin twice dally and 1 mg. prolactin in addition to
025, 0.5 or 1,0 mge hydrocortisone acetate. Thus »
oxytoocin and prolactin do not appear to have any }
synergistic effects with hydrocortisone acetate in pro- ;
moting average litter growth rate. The magnitude of the
responsge with 0.5 mg. hydrocortisone acetate was the same
when given alone or in combination with 1 mg. prolactin
and 1 I.U. oxytocin.

Figure 1 shows the average dally welght gains of the
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young of the control group and the groups receiving 0.25,
0.5 and 1.0 mg. hydrocortisone acetate, respectively.

Figure 2 shows the average daily weight gains of the _
young of the control group and the groups receiving 0.25,
0.5 and 1.0 mg. hydrocortisone acetate, respeotively, in
addition to 1 mg. prolactin and 1 I.U. oxytocin twice dally.

2. Effects of Prolactin on Lactational Performance
in Oophorectomized Rats

The results of this experiment are summarized in
Tables 5 and 6. Dams in both groups gained an average of
20 gms. in body weight during the 18-day postpartum period.
No significant difference in the average welght of the —
pitultary were observed between groups. Also no signifi—
cant differences in average litter growth rate, total and
dailly, during the first 6-10 days (Cowie's litter growth
index), 11-18th days and 4-18th days postpartum were

observed between the two groups.
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FIGURE 1
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Effect of Hydrocortisone acetate on Litter Weight
Gains in the Rat
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FIGURB 2

A controls

B 0.25 mge HC ¢ Prol, 1,0 ng. ¢ ox 11.0.
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IV
DISCUSSION

It has been very well established that the adrenals
are essentlal for the maintenance of lactation in rats
(Nelson and Gaunt, 1937; Cowie and Folley, 1947) and in
goats (Cowie and Tindal, 1957). Lyons (1958) observed
that in hypophysectomized rats prolactin and ACTH or a
glucovorticold are the minimum hormones necessary to
maintain lactation. It has also been reported that the
suckling stimulus causes release of ACTH from the
pituitary, which would subsequently induce release of
adrenal cortical steroids (Tabachnick and Trentin, 1951;
Gregoire, 1946). From these studies it appears that
ACTH or a corticoid could be a limiting factor in the
decline of lactation. However, the galactopoletic
studies with ACTH or corticoids in ruminants have been
reported to have either inhibitory effect (Cotes et al.,
1949b; Flux et al., 1954; Shaw, 1955) or no effect
(Meites, 1955), the exception being the report by Roy
(1947) who obtained stimulation of milk secretion in the
cOoW,

The results of the present study indicate that

hydrocoffisone acetate can increase the milk secretion

during the 5-10 day perlod (Cowle's litter growth index)’

and during the remaining period of lactation in rats.
These findings confirm the results obtained by

40
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Johnson and Meites {1958) ‘with cortisone acetate. The dally
dose of 0.5 mg. hydrocortisone acetate appears to be
optimal. With a lower dose (0.25 mg. dally) of hydro-
cortisone acetate there was slight stimulation but this
was not significant: - However at a higher dose level
(1 mg. daily) the rat mothers lost considerable body
welght and there was a slight decrease in milk:secretion
as Judged by litter growth rate. - Jomson (1958) showed -
that when cortisone was administered in combination with
GH and prolactin to lactating rats, they 4id not lose -
body weight, but the lactational response was of the same
magnitude as with cortisone alone. Also Lyons (1958)
reported that the hypophysectomized lactating rats given
prolactin and prednisolone acetate lost considerably more
in body welght than rats also given GH. However, the
litter growth rates in both cases were essentially similar.
These results present one additional support to the
earlier findings that the adrenal cortical hormones are
essential for the maintenance of milk secretion in rats.
Hydroéortisone acetate was effective in inoreasing milk !
secretion during lactation, probably because the adrenal
cortex of the rat secretes less than optimal amounts of
glucocorticolds. It is probable that ruminants, in

contrast, already secrete sufficient amounts of adrenal
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cortical hormones for lactation, and hence additional
amounts are harmful, producing catabolic rather than
anabolic effects. It is known that physiological doses

of adrenal glucocorticolds are essential for normal 4
metabollism of carbohydrate, protein and fat, whereas
large amounts are detrimental to these processes.

It has been reported that injections of prolactin
to lactating mother rats after removal of thelr litters
inhibit involutionary changes in the mammary gland 7
(Williams, 1945; Johnson, 1957). It has also been
reported that in hypophysectomized rats prolactin
together with an adrenal corticoid is essential for
the maintenance of milk secretion (Cowle, 1957; j{
Bintarningsih et al., 1957; Lyons et al., 1958). The
results of the present study indicate that dally in-
Jections of 1 mg. of prolactin (20 I.U./mg.) had no
effect on the lactational performance in rats. These
results corroborate the negative findings in ruminants,
but are in disagreement with the positive findings
reported by Johnson (1958) in the rat. The principal
difference between this experiment and that of Johnson
(1958) 1s that a different prolactin preparation was
employed and the dlets were not the sams.

In the rat prolactin has been shown to have luteotropic



activity. Moore and Nolbandov (1955) have also reported
that prolactin is luteotropic in sheep. Lyons (1958b)
suggested that prolactin, injected in rats bearing corpora
lutea during 1actqtion, might be utilized by the ocorpora
lutea. This would promote secretion of progesterone, and
thus stimulate mammary growth and antagonize lactation.
However, prolactin, at the dose level used, did not show
any stimulating effect on milk seoretion in either
oophorectomized or intact lactating rats. Therefore it
appears that during lactation the suckling stimulus releases
prolactin in sufficient amounts to luteinize ovaries and
maintain lactation. The presence of luteinlzed ovariles

in the lactating rat were shown not to interfere in any
way with milk production even when the rats were injected
with prolactin, which presumably stimulated greater luteal
secretion by the ovaries.

The suckling stimulus during lactation has been shown
to cause the release of oxytocin from the neurohypophysis
(Petersen and Ludwick, 1942; Cross and Harris, 1950, 1951).
Oxytocin acts on the myoeplthelial cells surrounding the .
alveoli, causing contraction, and thus squeezes out the
milk from the lumen of the mammary alveoli. This milk
eJection effect of oxytocin has been very well established.

There are various reports that regular injections of oxytocin



have galactopoletic effects in lactating cows (Adams and
Allen, 1952; Sprain et al., 1954; Donker et al., 1954).
Johnson (1958) reported that oxytocin had galactopolietic ~<
effects in rats during lactation. It has been also shown
that oxytocin inhibits mammary involution after litter
removal on the 4th day of parturition in rats (Benson and
Folley, 1957; Meites and Nicoll, 1959). In the present
study injections of oxytocin 1 I.U. twice daily in
lactating rats appear to have no galactOpoiétic effect.
This is in contrast to the findings of Johnson (1958). X
The same doses of oxytocin were used in both experiments,
and the same strain of rats were employed. However, the
diets were not the same in the two experiments and this

might have accounted for the difference in results.
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SUMMARY AND CONCLUSICNS

The effects of administering 0.25, 0.5 or l.0 mge. of
hydrocortisone acetate, 1 mg. (20 I.U./mg.) prolactin
or 1 I.U. oxytocin, singularly or all 3 in combina-
tion were studied on the lactational performance of
postpartum rats. In a second experiment the effects
of prolactin on lactational performance of postpartum
rats ovariectomized on the 2nd postpartum day were
observeds The growth rate of litters of 6 young each
during the 4th-18th days postpartum was used as an
index of milk production.

When hydrocortisone acetate, oxytocin or prolactin
were injected indiridually in lactating rats, only
hydrocortisone acetate at the 0.6 mge. dose level
increased milk secretion significantly. When all
three hormones were injected in combination, the
increases in lactation were no greater than with
hydrocortisone acetate alone. Hydrocortisone acetate
was effective in increasing milk secretion, perhaps
because the adrenal cortex of the rat secretes less

than optimal amounts of hormones during lactation.

Oxytocin and prolactin were not effective in inoreasing
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milk secretion. These two hormones are probably
secreted in sufficlent amounts during lactation
in the rat, and hence additional amounts of oxytocin

and prolactin might have no effect.

Prolactin at the dose level used d1d not induce a
significant increase in milk secretion over that of
saline injected controls in ovariectomized lactating
rats. Also no significant difference in milk
secretion was observed between the ovariectomized

and intact controls. These results suggest that the
suckling stimulus during lactation causes release of
sufficlient prolactin from anterior piltultary in
sufficient amounts to luteinize the ovaries and
maintain milk secretion. These results also show

that the funoctional corpus-luteum during lactation -
has no inhibitory effect on milk secretion in the rat.
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