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INTRODUCTION

CHAPTER 1

General evidence of neural control of pituitary aland.

There is now much evidence that the central

nervous system is responsible for maintaining the

activity of most endocrine glands and for regulating

their activity. It is well known that there is a

reciprocal relationship between the CNS and the

endocrine glands. The nervous system controls and

regulates the functional activity of the hypophysis,

ovaries, testes, thyroid, and adrenal cortex. The

hormones released from these endocrine glands react

back on the nervous system via the general systemic

circulation adjusting the nervous system's control.

These interrelationships establish a feed back mechanism.

The hypothalamus in view of its numerous afferent

connections and close anatomical relationships with the

hypophysis, appeared to be the centre and the target of

the messages coming from the periphery or from much

higher centres (cerebral cortex, reticular formation,

etc.) However, there is little or no neural connection

between the hypothalamus and anterior hypophysis

(Harris, I960) (l). Only the adrenal medulla and the

neurohypophysis possess a rich nerve supply and are

directly influenced in their activity through this

nerve connection. Green and Harris suggested that the



pituitary portal system might serve as a functional

link between the two structures (2). The

hypothalamus might influence adenohypophysial

activities through humoral factors mediated by the

hypophysioportal circulation which is oonstant in

vertebrates from the Anura to the Primates (3).

Harris (if) has shown beautifully and clearly that the

hypothalamus controls the activity of the

adenohypophysis through the hypophysial portal vessels

of the pituitary stalk. Experimental evidence

demonstrated that exteroceptive stimuli acting upon

the neural system induce important functional changes

mediated by the trophic hormones of the anterior

hypophysis (5). Exteroceptive factors play an

important role, such as olfactory and auditory stimuli

affecting ovulation, and the presence of a mate which

exerts a marked effect on the sexual rythm (6). Light

seems to be a strong stimulus affecting the sexual

cycles in some fishes, reptiles, most birds and

mammals (7)• The photosexual reflex is an essential

mechanism in the control of gonadotropic activity in

birds. The seasonal sexual cycle is abolished by

exposure of animals to constant light or darkness (8).

It has been suggested that in most animals, the visual

stimuli promote an effective synchronization of the



male and female sexual activity and that this

synchronization is effected through the hypothalamus

which stimulates the pituitary (9). That the

suckling stimulus in lactating rats was essential

for maintaining milk secretion and dioestrus was

postulated by Selye et al. (10), all these facts

could be considered as some of the indirect evidence

in the role of the nervous factors in the control of

endocrine activity.

Lesions or stimulation of the nervous system

gives direct evidence of the control exerted by the

CNS upon the endocrine glands. According to Benoit

and Assenmacher (11) the control could be established

through afferent nervous pathways from cerebral cortex,

reticular formation and sense organs to the hypothalamus

and by efferent humoral neurosecretion through the

portal system from the hypothalamus to the

adenohypophysis via median eminence. Since Ashner

(12) and Camus and Eoussy (13) found that oertain

lesions of the hypothalamus produced genital atrophy

in the dog, much work has been done in order to

establish which particular areas or centresof the

nervous system and hypothalamus oontrol each endocrine

gland. In face of the evidence the hypophysis lost

its priority a3 the commander of endocrine regulation,
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and was transformed to being intermediary between the

CNS and the endocrine system. The work done by Smith

(14, 15, 16) on the effect of hypopbyseotomy on rats,

initiated the endoorinology of gonadotropins in

mammals. Hypophysectomy does not end life but its

consequences are severe and progressive deficiencies

appear. Reversal by substitution therapy becomes

more difficult with the lapse of time, thus

maintenance of the gonads is more successful when

treatment was begun immediately. However, while

removal of the pituitary showed somewhat inconstant

effects on the gonads, severing or crushing the

pituitary stalk produced atrophy of the ovary, mammary

glands and uterus (4)» Wieriberger and Grant (17)

described many clinical observations which showed that

hypothalamic damage or tumours may produce precocious

puberty, as for instance tumours of the hypothalamus

strictly localized to tuber oinereum or the mamflillary

body.

Lesions in the median eminence of female guinea

pigs resulted in genital atrophy and the oestrus cycle

ceased. On the other hand large symmetrical lesions of

the rostral hypothalamus produced ovaries containing

prominent follicles, with hypertrophied genital organs

and a vagina that was constantly open (18). In rats,
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Hillarp (19) studying the localization of

hypothalmic centres controlling the gonadotrophic

function of the hypophysis confirmed the results of

Dey (18). He found a state of constant oestrus with

lateral lesions in a small area basally situated

between the ventromedial nuclei and the origin of the

pituitary stalk. Since that time many workers have

studied the effects of lesions in different hypothalmic

areas. Thus in oestrogen-primed rabbits lesions that

destroy the arcuate nucleus and the base of the

ventromedial nucleus initiated milk secretion,

indicating release of an abundant amount of prolactin

(20, 21). The influence of brain lesions on lactation

has been studied mainly in rats (22, 23, 24).

Prom these and other studies it could be deduced

that the hypothalamus is intimately related to

regulation of gonadotrophic secretion by the

adenohypophysis.

HvT>othalamo-adenohypophyseal connection.

The nomenclature of Iiioch et al. (23) on the

anatony of the pituitary gland has been accepted by

the majority of endocrinologists. These authors

described the neurohypophysis as divided into three

parts: the median eminence of the tuber cinereum, the

infundibular stem and the infundibular process.
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The adenohypophysis is divided into three parts as well,

the pars tuberalis, the pars intermedia and the pars

distaliS". The neural stalk together with its sheath

of portions of the pars glandularis is called the

hypophysial stalk. The two lobes of the pituitary

derive embryologioally from two ectodermal sources.

The adenohypophysis from Hathke's pouch and the

neurohypophysis from a ventral outgrowth from the

floor of the diencephalon.

The erabiyological origin of the anterior lobe

suggests that the influence of the hypothalamus on

the hypophysis is exerted by a direct pathway.

(a) Neural connection:

Bougery (26) in 1845 made a short communication

mentioning a sympathetic supply to the pituitary gland.

In spite of the agreement of many other workers that

the pars distalis is innervated by the sympathetic

system (27, 28, 29), the report made by Rasmussen (30)

demonstrated that large areas of the gland were free

of nerve fibres and that only a few sympathetic fibres

entered the adenohypophysis. Green (3, 31) made a

complete study in many vertebrates and reached the

conclusion that "in none of the animals studied has

an innervation of the pars distalis been found".

Studies done on the implication of the sympathetic
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system in the control of gonac^rophic and thyrotrophic
hormone secretion showed that when complete sympathectomy

was performed, reproduction is not - ~ interferred witta
and changes in the metabolic rate are small or

negative (32, 33).

Harris (l) mentions studies done independently by

Paley (3k-) and Farquhar and Rinehard (35) using

electron-microscopy technique on the nerve supply to

the pars distalis. They have failed to find any nerve

fibre in the gland. Recently Bradbury and Harris,

(cited by Harris (36)) using the same technique found

the existence of an intimate relationship between nerve

terminals and capillaries in the median eminence. The

nerve terminals showed many neuro-secreting masses and

synaptic vesiclesj and the capillaries presented the

typical characteristic of active secretory or absorptive

processes. The same authors summarized the subject in

the following words: "the pars distali3 of the pituitary

may, in general terms, be desoribed as a gland under

nervous control but lacking a nerve supply". Long (37)

attributed "the mechanism of secretion to humoral

factors that reach the gland through its blood supply".
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(b) Vascular connection:

The first evidence of the hypophysial portal

blood supply was noted by F.I. Rainer (cited by

Harris (l))» Popa observed a miniature portal

vessel system connecting the anterior hypophysis to

the median eminence. Later, an hypophysial portal

circulation was described by him in colaboration with

Fielding (38, 39). They presumed that the blood in

the system flowed from the hypophysis to the

hypothalamus. Wislockl and King (40) from indirect

evidence inferred the opposite, that the blood flowed

from the hypothalamus to the pars distalis. For

many years investigators have been trying to

establish the direction of the blood flow in the

hypophysial portal vessels. The system was studied

on the Argentine toad, Bufo arenarum Hensel, by

Houssay, Biassotti and Sanmartino (41, 42). Different

types of amphibians were observed by Green (43). and

rat, sheep and goat by Daniel and Prichard (49. 50, 51)*
All these investigations have supported Wislocki's

concept. Observation of the hypophysial portal system

in the living rat (44) established "the most direct

and satisfactory evidence that the vessels of the

hypophysial tract are true portal vessels carrying

blood from the median eminence of the tuber cinereum
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to the pars distalis" (long portal vessels). The

same findings were confirmed later by Barjlnett and

Greep (4-5 )•

The portal system was described in 76 species.

It was found that the portal circulation showed only

slight variations between related species (3). The

anatomy of the hypophysial portal vessels in mammals

has been described extensively by Harris (4.) and

Landsmeer (4-6).

Considering that the vascular system of the

anterior lobe has its structural and functional liaison

with the CNS in the infundibular area and in the

procerus infundibuli, Nowakawski (4-7) postulated that

probably the neural lobe has a dual function of

producing hormones and of connecting the anterior

hypophysis with the hypothalamus. The faot that the

adenohypophysis does not border on the hypothalamus and

that it is separated from the latter by the neuro¬

hypophysis support this view. Daniel ana Erichard

(4-9) have described in the rat short portal vessels

running from the neurohypophysis to the adjacent

layers of the anterior hypophysis. Investigations on

the permeability of the pituitary gland and the

hypothalamus to vital dyes (4-7) showed a great

permeability of the infundibulum in contrast with that
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of the overlying brain#

The suggestion that substances from the third

ventricle may diffuse into the vessels of the median

eminence to be carried to the anterior lobe (48)

was considered, but there is more general agreement

that the transmitter substances are released from the

nerve endings in close proximity to the portal vessels

(36)# Observations on the effects of several different

drugs and different physical stimuli on the direction

of blood flow, and the vasomotor activity of the

hypophysial portal system, were carried out by

Worthington (52)• He found that the systemic pressure

and the local contraction or dilation of the arteries

that supply the primary plexus are important factors

in the control of the circulation in the hypophysial

portal vessels. It is not well known what

constitutes an adequate blood supply to the anterior

pituitary, nevertheless it could be assumed that the

variety of stimuli altering the rate of hypophysial

blood flow are sufficient to stimulate or alter the

secretory activities of the anterior lobe.

In summary then it may be said: "that the

experimental evidence demonstrates the essential

nature of the hypophysial portal blood supply for

normal anterior pituitary function and for nervous
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reflex excitation of the gland; that biochemical

studies of the site of neurovascular contact shows the

presence of substances in this region which have the

capacity to stimulate the release of one or other of

the anterior pituitary hormones; and that studies of

the ultrastructure of the region show the presence of

a multitude of nerve endings containing what may be

secretory vesicles in close contaot with the

endothelium of capillaries containing typical

fenestration" (Harris, 36),
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CHAPTER 2

NEURAL CONTROL OF GONADOTROPHIN SECRETION

Experiments done by lesion and stimulation of the

brain and disconnection or transplantation of the

hypophysis, has provided evidence sufficient for the

belief that the hypothalamus stimulates F#S#H# and L.H#

secretion and inhibits L.T.H. secretion from the

hypophysis. In spite of several questions which must

be answered before the acceptance of an unquestionable

hypothalamic influence through neurohumor(a), there is

clear evidence to support this idea#

It has been generally accepted that in animals

which ovulate spontaneously (rat, mouse, guinea pig),

oestrogen stimulates the release of L#H# by a direct

action on the anterior hypophysis (129)# In "short

term" experiments, when oestrogen was given to immature

rats, the ovaries and pituitaries increased in weight

in 72 to 120 hours and the pituitary gonadotrophic

hormone content decreased (131)# If progesterone or

testosterone was given simultaneously with oestrogen,

the latter had no effect on the ovary weight and

pituitary potency# On the other hand, Moore and Price

(132) summarized results obtained in "long term"

experiments, showing that oestrogen or androgen inhibit

anterior pituitary function. Later, using the blocking

technique, Sanyer et al. (133) demonstrated that
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oestrogen Induced L#H# release by stimulating the

hypothalamus# The oestrogen-induced release of L.H#

could be blocked by dibenamine and atropine, suggesting

that neurogenic stimuli involve adrenergic and

cholinergic factors# The authors presumed that

oestrogen controlled the threshold to stimulation of a

gonadotrophic sex centre situated in the hypothalamus#

Everett suggested that when oestrogen levels are high,

progesterone facilitates ovulation in the 5 day cycling

rat, by modification of the threshold of the L#H#-release

mechanism to oestrogen (134) •

Marshall and Verney (135) introduced electrical

stimulation in the study of gonadotrophin secretion#

They induced ovulation and pseudopregnancy in a number of

rabbits exposed to diffuse electrical stimulation

applied to the head or lumbar spinal cord. Harris

obtained the same effect in rats and mapping the

hypothalamus with localized electrical stimuli in rabbits,

he could induce ovulation when the stimulus was applied

in the tuber cinereurn, posterior hypothalamus and

anterior pituitary gland (136, 137)• Direct unipolar

stimulation of the anterior lobe was positive in inducing

ovulation only when an evident spread of the current to

the hypothalamus was observed. The same stimulus

applied to the hypothalamus induced ovulation in 3 out
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of 4 rabbits (138)• The authors interpreted their

findings as indicating that the hypothalamus exerts a

control on the hypophysis through an humoral link rather

than a direct neural one.

In the guinea pig, Dey et alt (139) produced lesions

in different hypothalamic areas, to see the effect on

the oestrous cycle* They obtained a state of constant

oestrus when a large lesion was placed in the anterior

hypothalamus? the ovaries of these animals contained

cystic follicyfl.es and no corpora lutea. On the other

hand, lesions in the median eminence produced constant

diestrus and genital atrophy (18). Large lesions

destroying 2/3 of the hypophysis had no effect on the

oestrus cycle unless the median eminence was involved

(140). The same type of constant oestrus was obtained

in the rat by making small bilateral lesions between

the paraventricular nuclei and the hypophysial stalk

(141). The same author could reproduce a constant

dioestrus, with lesions in the median eminence, but did

not report genital atrophy.

Greer (142) made lesions in different hypothalamic

areas ranging from the optic chiasm to the mammillary

bodies. No effect was observed with lesions in the

posterior hypothalamus, but rats showed a persistent

vaginal oestrus when the lesion was located in the
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anterior hypothalamus. Daily injections of progesterone

induced normal vaginal cycles in the rats with constant

oestrus. The latter effect does not support the idea

that an L.H.-controlling centre is destroyed in cases of

persistent oestrus.

From studies done on anterior pituitary activity

after stalk section, it could be deduced that the

deficiency in pituitary activity is not due to ischaemio

atrophy but probably to interruption of stimuli coming

from the hypothalamus and travelling through the portal

vessels. It has been shown that normal activity is

maintained after removal of about 75^ of the anterior

lobe and that lOfo of the gland is sufficient for some

gonadotrophic activity (16, 143)*

Many workers have studied the effect of pituitary

stalk section on gonatotrophic activity. Early

observation gave discordant results and Harris (146)

postulated that these varied conclusions might depend on

the existence or not of regeneration of the hypophysial

portal vessels. He observed regeneration starting

within 24 hours of stalk section and when the

regeneration was prevented by insertion of paper plates

the animals showed an anoestrous cycle. Benoit and

Assenmacher obtained atrophic testes in the duck after

placing lesions in the anterior part of the median
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eminence or after cutting the portal vessels of the

pituitary stalk and placing a plate of sclera between

the cut ends to prevent regeneration (7)*
One of the most convincing experiments done for the

demonstration of an hypothalamic control on the hypophysis

was carried out by Harris and Jacobson (147)• They

grafted pituitary gland in hypophyseetomized rats under

the median eminence, under the temporal lobe and into

the pituitary capsule. The graft under the median

eminence was richly vascularized with connections with

the plexus of the portal vessel and its functional

activity was normal in most cases. The animals showed

regular oestrous cycles, pregnancy and lactation.

Their findings demonstrated also that the hypophysis

lacks sexual differentiation since regardless which sex

was the pituitary donor, normal sexual cycles or

pregnancy could be obtained.

By implanting pituitary grafts in a "hypophysiotropio

area" of the hypothalamus, Hungarian authors (152)

could demonstrate the presence of "castration cells" in

the graft after gonadectoay and normal vaginal cycles

with corpora lutea formation in hypophysectomized rats.

They described this "hypophysiotropio area" as lying

in the region extending from the mamqiiUary bodies to

the paraventricular nuclei, including the arcuate nuclei
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and the basal ventromedial nuclei. In conclusion the

authors postulated that the trophic influence of the

hypothalamus on the iypophysis appears to be

neurosecretory in nature and that "this neurosecretory

trophic substance might reach and effectively stimulate

adenohypophysial tissue transplanted into the

"hypophysiotropic area" by immediate contact".

By means of gonadotrophin assays confirmation was

provided for previous studies on the effeot of

hypothalamic lesion on the sexual oycles, histology and

morphology of the sexual organs. Thus there was a

depletion of the gonadotrophin content of the pituitary

of male rats bearing median eminence lesions (148, 149)
and in female rats the L.H. content was reduced to about

15f& of normal (150). The production and release of

F.S.H. and L.H. could be prevented by large lesions in

the median eminenoe and surrounding areas. The effeot

was similar to that obtained by pituitary stalk section

without regeneration of the portal vessels system

(147, 151).

The rise of L.H. content in the hypophysis that

normally follows ovariectony, could be prevented by a

lesion in the median eminence (150). Luteinization

was induced in the constant-oestrus animal by lesions in

the anterior hypothalamus, by lowering oestrogen
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production by ovariectomy and jarimplantation of one of

the ovaries into the spleen (153)•

There is much evidence which suggest that F.S.H, and

L.H. secretion fluctuates rhythmically during the oestrus

cycle in sexually mature mamals (156, 157)• This

"rhythm" is controlled by the hypothalamus which at the

same time is under the influence of the hormones

circulating in the blood stream. Thus if the ovarian

hormones in the blood increase in concentration, the

hypothalamus will react by depressing the secretion of

gonadotrophins from the anterior lobe and the ovary in

turn will suppress the production of its respective

hormones. The diurnal rhythm of illumination is known

to influence the release of L.H, by the hypothalamus

(160). If the animal is under barbiturate anaesthesia

during the critical period of the light phase, the

release of L.H, will be inhibited and ovulation delayed

for 24 hours. But if stimulation of the preoptic area

is made with electrodes of steel or nichrome, or by

injection of Fe,Cl3, ovulation takes place (161),
It has been postulated that there is a sexual

centre in the hypothalamus which stimulates the anterior

hypophysis to release F,S,H,, and that the centre is

depressed by oestrogens (144, 145)* The authors found

that for the development of castration cells in the

anterior lobe^ the connexion between the hypophysis and
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hypothalamus is essential. There is no doubt that a

synergism or potentiation exists between L.H. and

P.S.H. This synergism clearly operates in ovulation.

F.S.H. promotes the development of primary follicles

and controls the secretion of follicular liquor and the

proliferation of granulosa cells. A sudden elevation

of L.H. secretion will then produce ovulation and the

conversion of the follicle into a corpus luteum (154).

When L.H. was given to hypophysectomized immature female

rats under F.S.H. treatment^there occurred a potentiation
of the enlargement of the ovaries and a rapid growth of

the reproductive tract due to the initiation of oestrogen

secretion (155)•

The same synergism was observed in hypophysectomized

inmature male rats, where administration of L.H. and

F.S.H. increased the weight of the testes (158). In

the male rat L.H. induces maturation and maintenance of

theinterstitial cells which are related to androgen

elaboration. On the other hand, F.S.H. is responsible

for the growth of the testes and of spermatogenic

activity (159).

Recent experiments showing the presence of an

L.H.-releasing factor in crude extracts of median

eminence provide new evidence for the concept that the

liberation of an humoral agent from the hypothalamus
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regulates gonadotrophin secretion by the hypophysis.

Campbell et al. (162) and Nikitovitch-Winer (163) using

the same extracts of cattle median eminence induced

ovulation in oestrous rabbits and rets, by infusing the

extracts into the pituitary gland. Extracts of the

median eminence of rats infused into the pars distalis

of rats in which spontaneous ovulation had been blocked

by pentobarbital, evoked ovulation in the great majority

of these animals! whilst intrapituitary infusions of

synthetio arginine-vasopressin, adrenaline, histamine

and other brain extracts, did not provoke ovulation (I63).

Infusion of extracts of the median eminence from

rabbits and monkeys into the anterior lobe of rabbits

resulted in ovulation, presumably due to L.H. release.

Negative results were obtained when similar infusion

of control brain extracts and other substanoes such as

oxytocin, vasotocin, serotonin and substance P were

infused (162). Other workers obtained the same findings

using the intravenous route (l6if, 165). They found an

increase of L.H. concentration in the plasma of female

rats after the injection of an acid extract of pituitary

stalk and median eminence tissue of rats.

These results lead to the conclusion that the median

eminence contains some substances capable of stimulating

the secretion of L.H. from the adenohypophysis.
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Control of Prolactin Secretion

The control of L.T.H. secretion is different from

that of the other five anterior pituitary hormones

which require stimulation from the hypothalamus.

Experiments done by Westman and Jacobson (166) showed

that the uteri of stalk sectioned rats responded to

deoiduoma formation and became pseudopregnant. On

the other hand, rats completely hypophysectomized were

negative to electrical stimulation of the cervix.

Unfortunately the authors did not include control

experiments in which the stalk was cut and cervical

stimulation was omitted. For this reason they did not

consider the possibility of chronic inhibition by the

hypothalamus of prolactin secretion. Desclin (168)

using rats with anterior hypophysis transplants and

oestrogen treatment found a luteotrophio function of

the grafts. The author postulated that oestrogen can

oause luteotrophin secretion by direct action on the

hypophysis. The lack of control experiments in

grafted rats kept without oestrogen treatment delayed

the discoveries made later by Everett (167/178). He

demonstrated that the anterior pituitary is oapable of

maintaining functional corpora lutea when transplanted

to a place apart from the hypothalamus shortly after

ovulation. In these experiments no stimuli were applied.
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Nikitovitch-Winer (179) repeated the experiment done

by Westman and Jaoobson omitting the cerv^ical

stimulation and pseudopregnancy resulted.

The influence of the CNS on the release of

prolactin has been studied by different workers

(170, 171, 172). In the rat, pseudopregnancy provides

good evidence of prolactin release and this method has

been used for studying the neural mechanisms involved

in L.T.H. secretion. During lactation a positive

stimulus, coming from the mammary gland, produced by

suckling, stimulates the CNS and results in prolactin

release to maintain milk secretion. The suckling

stimulus must be administered continuously to maintain

a pseudopregnant condition. Compared with cervical

stimulation, suckling seems to be less effective (183)

sinoe the cervioal stimulus needs to be administered

only once if applied with the animal in the suitable

hormonal status. The cervix of the rat is the most

sensitive aendoxy organ related to production of

pseudopregnancy.

According to Eayrs and Baddeiey (I84) in the rat

the majority of the ascending fibres conducting the

suckling stimulus to the CNS are located ipsilaterally

in the lateral funiculus. In other animals such as

goats and sheep, milk secretion and milk ejection could
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be maintained after surgical interference with the

nervous connections between the mammae and the CNS

(175 » 185» 186). Not only^specific stimulus such
as suckling could release prolactin from d;he anterior
lobe but many other non specific or external stimuli
oould also promote prolactin secretion through the

CNS. Grosvenor (182) observed that the presence of

the litter stimulated the CNS of the mother and

elicited L.T.H, secretion. Other stimuli such as

sound, smell of the young, or stress after surgery

might produce prolactin secretion.

There is now much evidence on the inhibitory

control exerted by the hypothalamus on the hypophysis

in connection with prolactin release. Mammary growth

and milk secretion oould be considered an indication

of prolactin secretion but it must be remembered that
hypophysial hormones such as ACTH and GH are also
necessary for full mammary development.

hypothalamic lesions, pituitary stalk secretion
and transplantation, implantation of drugs and hormones
in the hypothalamus, drug administration and culture of
the anterior pituitary have provided information

regarding the role of the hypopthalamus on prolactin
secretion.

Harris (136) induced pseudopregnanoy by passing an
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electric current through the head. Later, using a

more precise technique, Haun and Sawyer (20) initiated
milk secretion by placing lesions in the median basal

posterior tuberal region of the hypothalamus of rabbits.

In cats, the section of the tuber cinereum behind the

optic chiasma, leaving the median eminence intact,

resulted in mammary gland growth and milk secretion

(187)• In rats, large lesions in the median eminence

produced pseudopregnancy with deciduoma reactions

which could be obtained from the 20th day after

operation (23, 188). Recently, De Voe et al. induoed

mammary secretion in male rats by hypothalmic lesions

(189). Experiments performed in lactating goats

using the radio-frequency heat technique for coagulation

of the median eminence showed a decrease of 15% to 30%

in the milk production as compared with the prelesion

levels. The decline in milk production was due,

according to the author (173» 174)* to a decrease in

release of all anterior hypophysial hormones except

prolactin. Similar results in goats were obtained by

Gowie et al. (175) by cutting the pituitary stalk and

inserting a plate between the cut ends of the stalk.

In women, ltt&fostion of milk secretion was obtained

after transection of the pituitary stalk for relief of

mammary cancer (190). Donovan (172) working with



25.

ferrets found a persistent luteal function when the

pituitary stalk was sectioned.

Hikitovitch-Winer and Everett (l5l) demonstrated

quite dearly that the pituitary pars distalis

autotransplanted to the renal capsule lost the ability

to produce and release F.S.H. and L.H. and began to

release prolactin. That this effect was not due to

damage of the anterior lobe was shown by retransplanting

the graft from the renal capsule to the sella turcica.

When the graft was placed in close contact with the

median eminence the secretion of F.S.H, and L.H. could

be re-established.

Experiments by different authors in various

species have demonstrated beyond doubt that trans¬

plantation of the anterior pituitary to sites other

than the sella turcica results in prolactin release

which is evidenced by a pseudopregnant state or

mammaiy growth and milk secretion (151, 167, 178, 191,

192). The latter effect was also obtained in male

hosts (195, 194).

Ihe action of ectopic anterior lobe grafted into

normal animals has been studied by Muhlbock and Boot

in the mouse (196) and by several workers in the rat

(192, 195). in both cases, the normal oestrous cycle

was replaced by pseudopregnancy like cycles. When
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the graft was removed, normal oestrous cycles were

restored. Pituitaries from infantile and old donors

of both sexes were capable of secreting prolactin when

grafted into normal adult animals.

Transplantation of a pituitary to an

hypophysectomized rat generally promotes mammary growth

but not milk secretion, however, if the graft is

transplanted to an intact animal, mammary secretion is

established (197)« The absenoe of milk secretion in

the first instance is presumably due to a lack of

release of those other hormones from the graft which

are involved in milk secretion such as ACTH and GH.

Several drugs have been used to promote prolactin

release. The most effective seem to be reserpine,

chlorpromazine, meprobamate, amphetamine and related

ataractic drugs. These drugs were effective in a

variety of species including the human (193. 198, 199#

200, 201, 202, 203).

The effect of gonadal steroids on prolactin

secretion has been widely studied by using different

techniques. Desclin and co-workers reported the

effect of oestrogen on the release of prolactin from

the anterior lobe (191# 204, 205)• A direct effect

on the hypophysis was shown by giving fifteen daily

injections of oestradiol benzoate to a rat with
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heterotopic pituitary graft. The amount of prolactin

in the graft increased 31% above the control values.

In normal rats large amounts of oestrogen injected

over several days also increased the prolactin

content of the pituitary (126, 206) and the cytologic

changes obtained resembled those observed in the

heterotopic gland (204). A direct effect of oestrogen

on the anterior lobe might be inferred from the results

obtained by Nicoll and Meites in in vitro experiments

(169)• In the first instance they were able to

demonstrate an increased secretion of prolactin from

pituitaries maintained in vitro when compared with the

amount contained in the culture tissue (170) confirming

previous results obtained by Pasteels in 1961 (207, 208).
In later studies on the effect of several hormones

and drugs added to the culture medium they observed

that only oestradiol was capable of stimulating the

secretion of prolactin from the cultured pituitary (169,

209)* Ihe direct stimulation of prolactin release

from the anterior pituitaiy by oestrogen in vitro

could not be confirmed by other authors (210, 211).

Recent work done by implanting oestrogen in the

hypophysis and hypothalamus of rabbits and rats showed

a direct action of oestrogen on the anterior lobe (212,

213). In rabbits when oestrogen was implanted in the
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tuberal region of the hypothalamus, no evidence of

prolactin release was observed and the mammary gland

showed no development# On the contrary, when oestrogen

implants were placed in the anterior pituitary the

mammary gland was completely developed and milk secretion

observed, indicating a prolactin secretion from the

hypophysis (212)# Studies done in female rats by

implanting oestrogen either in the median eminence

or the anterior lobe, showed a full mammary gland

development and milk secretion. The authors concluded

that oestrogen is able to induce prolactin secretion

when placed in the hypothal_amo-hypophysial region in

the rat (213).

Another observation on the effect of oestrogen on

prolactin secretion wa3 made by Miz^uno et al# working
with rats bearing a pituitary "mammotropic" tumor.

The tumor secreted more prolactin when oestradiol was

administered (21A.)#

Experiments done by using tissue culture techniques

have resulted in interesting observations suggesting the

existence of a prolactin inhibitor factor (PB?), in the

hypothalamus (171, 208, 210, 217). This factor seems

to be the responsible agent involved in the chronic

inhibition exerted by the hypothalamus on prolactin

secretion under most conditions# Several studies
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demonstrated that anterior pituitaries of postpartum

lactating rats released 2-3 times more prolactin than

hypophyses from cycling rats (215). These results

confirmed previous findings on the pituitary prolactin

content of laotating rats, which contain more prolactin

than the pituitaries of non lactating animals (216).

Mai\y agents known to produce prolactin release in

vivo such as suckling, oestradiol, reserpine and

eleotrical stimulation of the uterine cervix seem to

act by decreasing the hypothalamic content of PIF using

extracts of hypothalamus removed from animals treated

previously by the mentioned agents, fiatner and Meites

(171)» were able to demonstrate that the extracts when

incubated with rat's pituitary showed a significant

decrease in PIF content.

According to the results obtained by oestrogen

injections, oestrogen implants in the hypothalamus and

hypophysis, and the effect of oestrogen on cultured

hypophyses it can be postulated that the effect of

oestrogen on prolactin release may be due to two

mechanisms: a direct effect on the hypophysis and a

decreasing hypothalamic content of P3F.

Androgen has been shown to induce pseudopregnancy

and maintain it in a similar manner to oestrogen (218).

According to observations made by Alloiteau, androgens
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seem to have a peripheral luteotrophic action and

promote the secretions of oestrogen by corpora lutea,

(219, 220). On the other hand, it has been shown that

androgen inoreased the prolactin oontent of the

pituitaiy from ovariectomized rats and produced milk

secretion (221). The effect of progesterone in

inducing pseudopregnancy has been observed by many

workers. Daily injections of progesterone in a

dose which suppresses oestrus maintained a large

corpus luteum (218). If progesterone is given on

the first day of oestrus, a 3tate of pseudopregnancy

may be induced (222), and is presumably due to an

enhancement of the sensitivity of the neural mechanism

which is involved in the pseudopregnancy phenomenon.
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CHAPTER 3

HORMONAL REGULATION OP MAMMARY GLAND GROWTH AND CONTROL

OF MILK SECRETION

The Mammary Gland

The existence of mammary glands is a primordial

characteristic of mammals. Mammary glands are

present in both sexes, but are functional only in the

female. However, there are recorded cases of

spontaneous lactation in the male and in certain

species of male laboratory animals it is possible

to induce mammary growth and secretion by means of

hormones.

The number and position of the glands varies

among different species. Thus in the rat there are

six pairs of glands and they are situated in two

parallel rows along the ventral side of the thorax

and abdomen lying in loose fatty tissue. In the rat

the teats develop as a result of the epithelium

surrounding the mammary but growing downwards into

the mesenchyme tissue (55)* The mammary lines

consist of thickenings of the epidermis due to

proliferation of the Malpighian layers (53, 54).

The development of the duct system in the rat increases

from the fifth to the ninth week from birth, and more

particularly just before the initiation of puberty.

At that stage the glandular development is extensive
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(55# 56). The development of the male and female

mammary gland during the first six weeks of life is

Identical (59)• This infantile development is

independant of the gonads of sex, since removal of

the ovaries or testes does not modify this

development. Cowie (6l) has shown in the rat that

until the 21at to 23rd day of age the mammary growth

is isometric but after that age a period of allometric

growth begins which disappears if ovariectomy is

performed.

Hie mammary gland is formed of parenchyma and

connective stroma. An extensive ramifying system

of ducts or galactophores constitutes the parenchyma.

The terminal ducts expand into alveoli and a group

of alveoli form the lobule. Each lobule is

separated from the others by connective tissue which

is called stroma.

Observations made by Turner and Schultjse (57)

on some lobule-alveolar formation in the mammary

gland of adult virgin rats could be correlated with

the findings of Sutter (58) who observed cyclic

changes in the duct system during the ovarian cycle.

It is possible that successive cycles exert a cumulative

effect on mammary gland growth.

The female gland at the age of eight weeks shows
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an extension of the duct tree, the number of small

branches and twigs increases producing the effect of

a dense mammary gland. This growth continues until

the appearance of the first oestrous cycle. By that

time the mammary gland can be considered fully mature

and it conserves the same architecture throughout

the period of active sex life in the non pregnant

rat.

According to observations carried out on species

that have a short oestrous cyole (e.g. mouse and rat)

it seems that oestrogen acts on the development of the

duct system and progesterone on the lobule-alveolar.

That is why in the virgin rat only the duct system

develops and complete mammary development occurs only

during pregnancy (62). Around the fourth day of

pregnancy a proliferation of the finer end-buds and

twigs takes place and by the twelfth day "the mammae

have developed a considerable number of lobules. From

the twelfth day until parturition, secretory changes

are evident and the alveoli distended by the products

of secretion, form the typical lobules of

lactation (59).

The milk secretion or lactogenesis depends on

modifications of the hormonal equilibrium of pregnancy

and its intrinsic mechanism may be considered mainly



34.

endocrine. On the other hand, a neuro-hormonal

reflex is important for the maintenance of lactation.

The formation of secretory products before the

first emptying of the gland by suckling is called

colostrum. Colostral secretion may be produced at

the end of pseudopregnancy or pregnancy (63) and in

experimental conditions as when mammary development

is induced by ovarian hormones (64) or administration

of drugs suoh as reserpine or chlorpromazine (65, 66).

Following the birth of the litters, oellular

secretion starts and the alveoli become further

distended. Not only the alveolar cells have secretory

activity, the epithelium of the ducts may also produce

secretion (67). This secretory activity of the ducts

can be stimulated by administration of certain hormones

such as oestrogen or prolactin. However, the amount

of secretion is always much less that that obtained

from the alveoli. It has been recently demonstrated

that in the rat milk ejection is obtained around 12

hours before parturition by the administration of

oxytocin. This observation would indicate that milk

secretion starts before delivery in the rat mammary

gland (178).

The maintenance of milk secretion is dependant

upon the aot of suckling (68) which causes prolactin
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secretion from the anterior pituitary (69), and oxytocin

release from the neural lobe (70). If suckling ceases

there is a rapid involution of secretion (71). Varied
jt

histological studies have provided evidence for the view

that the myoepithelial cells of the alveoli are

contractile and lead to milk ejection in response to the

oxytocin released on suckling (72, 73* 74* 75).

The male mammary gland

Until the age of six weeks there are only minor

differences between the male and female mammary glands*

After that age, further development seems to occur in the

male rat. Dense clusters of alveoli can be observed

along the sides and at the ends of the ducts (57* 59).

The duct system shows only slight arborescence as compared

with a virgin female (76). The thickness of the

epithelium lining the ducts and alveoli is typically male.

Only in pregnancy or pseudopregnancy, lobules of alveoli

appears in the female rat.

The male rat lacks nipples and the main duct ends

blindly in the dermis. The total mammary gland covers

only a small area. The dense type lobular growth which

is typical of the male is somewhat similar to the pattern

observed in early pregnancy in the female rat. Astwood

et al. (59 showed that this type of development is

induced by the male sex hormones.
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HORMONAL REGULATION BY THE PITUITARY AND SEX HORMONES

The discovery by Strieker and Grueter (77» 78)

of the lactogenic effects of pituitary extracts led to

extensive studies on the influence of pituitary and

sexual hormones in the development of the mammary

gland.

Lyons attributed the mammogenic effect of

pituitary extracts to prolaotin. Using intraductal

injections of prolactin in rabbits he could produce a

direct effect on the growth of the mammary tissue (79)•

The same author and his colleagues demonstrated the

undoubted effect of the anterior pituitary and ovarian

hormones using hypophysectomized and hypophysectomized-

ovariectomized animals. They showed that the

combination of oestrogen#progesterone*prolactin induced

lobule-alveolar development in the latter group of

animals (80). Adding S.T.H, to the same hormone

combination gave an even greater degree of development

(81). The same group of workers induced a complete

mammary development plus milk secretion in

hypophyBectomized-ovariectomized-adrenalectomized rats

giving hormones at three different stages. First a

combination of oestrogen*S.T.H.*corticoids given for

10 days produced duct proliferation. Then to induce

lobule-alveolar development they gave oestrone#
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progesterone*S.T.H.•prolactin. Finally, milk secretion

was elioited by giving only prolactin locally and

corticoids (82).

Results obtained in pseudopregnant animals

indicate that the ovarian hormones have a relevant

action on mammary growth. Thus oestrogen induces

duot growth and progesterone is responsible for

alveolar formation. Astwood et al. (59) established

that progesterone in doses as high as 2mg. daily did

not produce any effect on the mammary gland of an

intact female. The same results were found by others

workers in the rat, guinea pig and rabbit (57* 83, 84).

It seems that very high doses of progesterone are

necessary to induce an effect on the lobule-alveolar

system of the mammae (85, 86). It is now well

established that a synergistic action exist between

oestrogen and progesterone in promoting a full mammary

development (99). The dosage ratio in which the

hormones are given seems to be very important (87).

An excess in the amount of progesterone inhibits the

effect of oestrogen. Ovarian hormones alone can not

induce mammary growth in the hypophysectomized rat (82).

Identical results have beenobtained by testosterone

in female and male rats (88, 89, 90, 91).
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Leonard (92) reported that in hypophyseotomized rats

testosterone did not produce mammary growth but it

produced an hyperplasia and hypertrophy of the

epithelial cells lining the ducts. However, in the

normal and castrated rat testosterone induced lobule-

alveolar development but not ductal growth (59, 89,

91, 93). The effect of testosterone on the mammary

gland is dependent on the dose employed. Thus small

doses led to development of thick ducts and dense

clusters of alveoli, and higher doses given for long

periods caused abnormal mammary cyst formation (59, 91).

In the case of castrated hypophysectomized female

rats when testosterone was given in combination with

growth hormone an extensive alveolar formation took

place. On the other hand testosterone with prolactin

in the same type of animal did not induce a clear

lobule-alveolar growth, the mammary gland showed only

marked secretion (94).

Ahren suggested that just as in the rat the anterior

pituitary hormones exert a permissive action on the

mammary gland for the ovarian hormones, so the growth

hormone seems to have a similar permissive action on

the growth of the mammae produced by testosterone (98).
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A direct effect of oestrogen or testosterone applied

locally over the mammary gland has been described by

different authors (95» 96, 97).

Hormonal regulation by other hormones

Astwood (59) observed that the mammary gland of rats

placed on a poor diet more or less similar to that

consumed by hypophysectomized rats, failed to respond

to the administration of oestrogen. The effects of

hypophysectomy could be reproduced in animals with a

restricted diet. In some way the state of the general

metabolism plays an important role on the effeots of

the sexual hormones on the mammary gland development.

Thus Ahren et al. (100, 101) showed that the administratkn

of a long-acting insulin with progesterone and oestrogen

induced a limited mammary growth in hypophysectomized-

castrated female and male rats on a carbohydrate-rich

diet. Force feeding of hypophysectomized rats injected

with ovarian hormones and high doses of zinc protamine

insulin provoked a marked development of the mammae (102).

This effect was reduced by cortisone (103). On the

other hand the same workers found that cortisone combined

with oestrogen and progesterone promoted growth and

abundant secretion in normal rats. Cortisone could

enhance the effect of +.ie sexual hormones.

Johnson and Meites (104) studying the effects of
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cortisone, hydrocortisone and A.C.T.H. on pituitary

prolactin content of normal rats, found that the

steroids induced marked branching of ducts and some

lobule-alveolar development. The cortisone increased

the pituitary prolactin content by about 23% and

hydrocortisone by kl%» On the other hand A.C.T.H. was

less effective in eliciting mammary growth and the

prolactin content increased by about The same

results were found also by another author (106) in

ovariectomized-oestrogen primed rats.

Glucocorticoids may act in initiation and

maintenance of lactation but they do not have an

essential role, since adrenalectomy did not interfere

with the mammary growth during pregnancy (105). Hie

action of the adrenals in the maintenance of established

lactation is not well known, it could act by affecting

either the carbohydrate and mineral metabolism or by

a direct effect on the mammary gland itself or through

the anterior pituitary. In a recent paper on the

effect of the adrenal cortex on mammary growth (98) it

was observed that the effect of local percutaneous

application of testosterone which normally stimulates

lobule-alveolar growth, was reduced after adrenalectomy.

Considering the important role of general metabolism

in the mammary gland development it might be expected
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that thyroid activity could effect the mammary gland.

Experiments done in thyroidectomized animals showed

that the mammary gland was capable of development

(107, 108). On the other hand Mixner and Turner (109)
observed that the effect of oestrone and progesterone

in promoting lobule-alveolar growth in the mouse was

reduced when the animal had no thyroid gland, and was

enhanced after administration of thyroxine. Thyroid

feeding increased the rate of mammary growth in normal

(110) and pregnant rats (ill) but had no effect in the

ovariectomized animal (ill).

The organ culture technique is proving valuable

in elucidating the independent and combined role of

the nervous system and endocrine hormones in the

mammary gland development, (112, 113).
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ENDOCRINE INFLUENCE IN MILK SECRETION

When the hypophysis is removed from a lactating

animal, the milk production ceases. Two causes of

failure have been established, one in milk secretion

and the other in milk ejection. The integrity of the

anterior lobe is fundamental for the maintenance of

milk secretion provided that an adequate oxytocin

therapy is given.

The evidence obtained from hypophysectomized

lactating rats demonstrated that prolactin is an

essential component when it is administered with A.C.T.H,

or S.T.H. (114, 115)• In the pregnant rat in which

the anterior lobe was removed on the 12th day of

pregnancy, only partial restoration was obtained (53$

of normal) when prolactin plus A.C.T.H, was given from

parturition to the 10th day of lactation (116). It

might be concluded that other factors are necessary for

the complete restoration of lactation.

It has been shown that S.T.H. is an essential

factor in the maintenance of lactation in goats (117)
and cows (118). From results obtained by different

workers it seems that the ovarian hormones are not

important in the maintenance of milk secretion. The

absence of the ovary does not affect lactation, although

oestrogen acting synergistically with progesterone can

inhihit lactation (119, 120). The main function of
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the cortical steroids, thyroxin and insulin, is still

uncertain (121).

That the suckling stimulusjls an important factor
in maintaining lactation has been widely confirmed.

Gaines in 1915 (122) in a precise observation established

the existence of a milk ejection reflex, and that the

effeot was wvery similar to that produced by pituitrin".

Later Ely and Petersen (70) postulated the neurohormone!

theory in which the hormonal component was supposed to

be oxytocin. Research done in the last 15 years has

established the undoubted role of the neurohypophysis

in the milk ejection reflex (122, 123, 124, 125).

The role of ovarian hormones in the initiation of milk

secretion. -

There are many theories concerning the role of

oestrogen and progesterone in evoking milk secretion.

It is known that from the 12th day of pregnancy the

mammary gland is ready for secretory activity. However

until parturition or shortly thereafter, abundant milk

secretion does not take place.

Nelson postulated an inhibitory effect of high

levels of oestrogen on milk secretion during late

pregnancy by suppression of prolactin release and also

by a direct inhibitory effect on the mammary parenchyma.

The oestrogen fall during parturition would allow

prolactin to be released from the pituitary. Meites
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content of the anterior lobe under different conditions,

that oestrogen induced prolactin secretion and that

progesterone over-rode the lactogenic action of oestrogen.

Induction of lactation takes place when progesterone

falls at the time of parturition. Later Meites (127)

modified the ooncept considering that the over-riding

effect of progesterone was not essential and that

oestrogen and progesterone acting together make the

mammary gland refractory to prolactin,

Folley (128) tried to harmonize previous theories

and elaborated the hypothesis that an interplay between

oestrogen and progesterone controls the release of

prolactin during pregnancy. Low levels of oestrogen

promote the lactogenic function of the hypophysis, and

high levels would inhibit, even without the ovary.

Progesterone would over-ride the lactogenic action of

oestrogen. At parturition the fall of progesterone,

by modifying the ratio oestrogen-progesterone would

remove the inhibition and induction of lactation would

take place,

A simple test has been recently developed (173)

which demonstrates the time of onset of lactation in

pregnant rats and the hormonal factors concerned in

initiating lactation. In agreement with previous work
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showing that abortion was usually followed by lactation,

it was found that if foetuses and placentae were removed

from both uterine horns on the 17th or 19th day of

pregnancy, milk ejection in response to oxytocin occurred

about 33 hours later. Following ovariectomy in addition

to emptying of the horns milk ejection was seen about

26 hours later. When progesterone was given and the

uterus emptied, milk ejection occurred some 55 hours

later, showing that progesterone delayed but did not

block milk secretion. These results agree with previous

observations that hormones from the placenta and ovaries

play a role in the initiation of lactation (126). The

results obtained by different authors do not give

evidence sufficient to decide if the onset of lactation

is due to the initiation of milk secretion or if

secretion is already established and the milk ejection

is obtained because some peripheral inhibition to

oxytocin disappears from the mammary gland.

It has been recently postulated (183) that

physiologically active corticosterone acts in

combination with prolactin to initiate full lactation.

The authors assumed that the decrease in the production

of progesterone shortly before parturition will allow

oestrogen to increase prolactin release and probably

A.C.T.H. resulting in a sharp rise in adrenal cortioal
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activity. There is considerable evidenoe in support

of the various hypotheses but the final proof depends

on oestrogen, progesterone, prolactin and glucocorticoids

assays in the blood (184) •
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CHAPTER 4

THE EFFECT OF SEXUAL HORMONES ON THE CENTRAL NERVOUS

SYSTEM (CNS)

The fundamental work done by Pfeiffer in 1936 (223)

pointed to the exiatenoe in new born rats of an

undifferentiated gonadotrophic function in both sexes.
i

When testosterone is present then differentiation into
\

a male type will occur. He postulated that in the

newborn rat the anterior lobe is sexually undifferentiated

but on a basic female type and if the testes, and

consequently testosterone, are absent then the sex will

become "crystallized" as female. This conclusion was
supported by the results obtained by castrating male

rats when newborn and transplanting into them an ovary

whioh in time showed the formation of many large corpora

lutea. If the ovaxy is transplanted to a normal male

provided with a grafted vagina then a state of constant

follicular development is evidenced by the constantly

oestrous condition in the vagina. The same ovarian

response was obtained in adult life by transplanting

testes at birth into a female rat. Pfeiffer at this

time thought that the hypophysis itself reacted to the

sexual hormones and induced sexual differentiation.

Soon after these important observations, a number of

workers suggested the possibility that the cyclic type

of gonadotrophin release in the female and the acyclic
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type in the male might he dependant on an intrinsic

characteristic of the CMS rather than the hypophysis.

Finally several workers oonfirmed that it is the CNS

(mainly the hypothalamus) and not the hypophysis whioh

undergoes sexual differentiation (4,225). Harris and

Jacobson (147) found that a male pituitary gland is

capable of developing female function when transplanted

beneath the median eminence of an hypophysectomized

female rat. These findings were later confirmed by

Martinez and Bitter (224) who postulated that the

hypophysis is pluripotential in nature.

Yasaki (139) and later Harris (36-226) demonstrated

that the testes exerted an influence on the hypothalamus
hrs

from 24/after birth. Male rats castrated when newborn

and when adult receiving ovarian and viginal grafts

showed normal vaginal cycles with rhythmic ovulation

and formation of corpora lutea. If the grafts were

transplanted to a male animal castrated 3 days after

birth or when adult, then the vaginal smear showed a

constant oestrus. These results indicate that

testosterone controls the sexual differentiation of the

brain in the foetal or early neonatal period. Also

there is evidence that the gonadal differentiation

which is genetically dependant oould be reversed by

parabiosis or treatment with sexual steroids (227).
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Experiments done by various authors demonstrated that

the injection of testosterone into prepuberal rats

gave the same results as those obtained by Pfeiffer

using testicular transplants. A single injection of

testosterone to female rats 0 to 5 days old resulted in

absence of ovulation and oestrous cycles when adult.

Early work on the subject (228, 229, 230) was later

oonfirmed and extended by Segal and Johnson (231) who

observed early puberty and suppression of mating in

these animals. The same authors also postulated that

the abnormality in the sexual activity of the

testosterone injected females is not due to any

intrinsic modification of the pituitary or the ovary.

Barraclough (232) obtained the same results and noted

an increment in the growth rate of the androgenized

rats. Good evidenoe for the effect of androgens on

the hypothalamus came from the observation that

electrical stimulation of the median eminence, but

not the preoptic area, induced ovulation in androgenized

rats primed with progesterone. After priming with

progesterone, an effective stimulation in the preoptic

area, plus a smaller dose of testosterone produced an

anovulatory condition (233, 234).

As in the castration experiments, in the studies

based on the administration of testosterone the timing
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of the injection also seems to be an important factor.

When testosterone is given to 2 and 5 days o^Ld rats
the maximal effect is obtained, in contrast, if the

injection is administered into 10 days old rats only

half the animals will show a positive response.

Testosterone has no effect when given into 20 day old

animals.

Other hormones such as oestrogen, progesterone,

desoxycortioosterone and even cholesterol may induce

constant oestrus when given to the early neonatal

female rat (235). According to Harris and Campbell

the results obtained from experiments done with gonadal

transplants are of more physiological importance than

those obtained after injection of different steroids

(236).

Several recent reports have described the existence

of oestrogen sensitive centres within the hypothalamus.

Flerko and Szentagohai grafted pieces of ovaries into

the anterior hypathalamus of rats and found uterine

atrophy. Harris et al. (238, 239) using ovariectomized

cat3, implanted needles with oestrogen fused to the

tip, in the hypothalamus and other areas of the brain.

When the implant was located in the region of the

mammillary body, the cat showed the full complex pattern

of behaviour that is typical of a normal oestrus.
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Similar implants in other areas were not effective.

This together with the fact that the uterus and vagina

showed no oestrogenic effect, clearly suggest that

oestrogen was acting locally and not through the general

circulation. Studies done by Lisk in the rat (240)

and by Sawyer et al. in the rabbit (241, 242) showed

that oestrogen implanted into the basal tuberal region

would inhibit gonadotrophin seoretion, causing a loss

of the oestrous cycle and uterine and ovarian atrophy.

When oestrogen was implanted into the pituitary gland

little or no effect was obtained. On the contrary

Ramirez et al. (244-) could prevent the post-castration

rise of plasma luteinizing hormone (L.H.) by implanting

oestrogen in either the median eminence (M.E.) or the

anterior lobe of the hypophysis. Implants which

were located in other areas suoh as the globus pallidus

or suprachiasmatic areas where without effect. The

authors used bilateral oestrogen implants in oontrast

to the unilateral implants of Lisk and Sawyer, and

postulated that the negative feed back of oestrogen

on L.H. secretion might be mediated by sensitive cells

located both in the median area and in the anterior

pituitary. Lisk (24-5) found a significant deorease

in nucleolar 3ize in the neurons of the arcuate nucleus

when oestradiol was implanted in this area and in the
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mamillary bodies. Implants made in other sites of

the hypothalamus never modified the nucleolar diameter.

Hormone implantation technique has been used now

for studying behavioural patterns. In ovariectomized

rats the implant of oestradiol in the anterior

hypothalamus induced oestrous behaviour, on the other

hand the, same implant in an intact rat did not result

in constant behavioural oestrus (246). After implanting

testosterone, progesterone and oestradiol, Lisk found

that only the last inhibited pregnancy and permitted

irregular mating when the implant was located either in

the arcuate nucleus or the mam^illary bodies (247).

In ovariectomized rabbits, oestrous behaviour was

obtained by implanting oestradiol in the posterior and

central medial basal region of the hypothalamus (248).

The same results were obtained in ovariectomized cats

(238, 239). Oestradiol has been the hormone most

widely used in the implantation technique. Recent

studies on the effect of testosterone implants showed

that androgen implanted in the posterior median eminence

elicited aspermia and atrophy of the testes and prostate

in the dog (249)• On the other hand Lisk (250) found
ost

little effect on testes and accessory organs with tesljerone

implants into the M.E. region. In a x*ecent review,

Davidson mentioned some unpublished data showing clear
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evidence that crystalline testosterone implanted into

the M.E, inhibits gonadotrophin secretion by a direct

effect on the brain, Male hypophysectomized rats were

used with multiple pituitary transplants under the

kidney capsule, and testosterone in the M,E, Only-

testosterone was effective in producing testicular

atrophy, no significant changes followed cholesterol

implanted in the same region (251), In female rats

an implant of testosterone into the M,E, area produced

only a significant decrease in the ovarian weight, without;
«

alteration of the oestrous cycle; uterine wight was

only affected in 1 of 2 experiments. No changes were

observed by implanting testosterone in the pituitary

(252), On the other hand the same authors found that

if ma3.es received implants of gonadal steroids an

inhibition of gonadotrophin seoretion occurred, (253)

evidenced by reductions in weight of the accessory organs,

an increase in the ; drenal size and enlargement of the

anterior lobe. None of these effects were produced in

female rats implanted with testosterone.

Very interesting results have been obtained on

prolactin release by implanting oestradiol in the

hypothalamus of female rats and rabbits, Kanematzu

and Sawyer (212) implanted a minute amount of solid

oestradiol in the posterior eminence area and found an
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increase in the pituitary prolactin content, hypertrophy

of the adrenal oortex and marked atrophy of the ovaries,

but no effect on the mammary gland. On the other

hand oestrogen implanted into the anterior lobe produced

mammary gland growth and milk secretion, while the

pituitary prolactin content was depressed. In this

latter group of animals no changes were observed in

the sexual organs or adrenal. In rats it has been

described that oestrogen implanted in either the basal

tuberal region or the anterior lobe can inhibit L.H.

secretion and enhance prolactin and A.C.T.H. secretion

(213). Oestradiol or oestradiol diluted with

cholesterol located in the M.E. region or the anterior

lobe of the pituitary induced lobule-alveolar development

of the mammary gland and constant dioestrus. The

ovaries of these animals showed enlarged corpora lutea

and mucified vaginae. The prolactin content of the

pituitary, which was significantly enlarged, was

slightly or markedly increased. The authors postulated

that oestradiol is capable of stimulating prolactin

secretion by a local action on cells in either the M.E.

or the anterior nypophysis.

The present study was undertaken to evaluate the

effect of oestrogen implants on the mammary gland

development of rats of both sexes and to investigate the
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role of progesterone on the full mammary growth.

According to previous investigations on the efreot

of castration in new-born male rats which developed

cyclic hypothalami, studies were carried out in the

hope of developing a female type mammary gland in

these animals when implanted with oestrogen and

grafting a normal ovary#



materij^* and methods

The animals used in the present study were albino

rats and were distributed in the following groups:

female rats

a) Group of normal rats. Adult virgins weighing I80g.

to 250g. and exhibiting regular 4 to 5 day oestroua

oycles were selected.

b) Androgenized rats. Females were injected at 3 to

5 days after birth with 300^. - 35Qpg. testosterone

propionate given subcutaneously. The time of vaginal

opening was determined and vaginal smears taken every

day until the animals were killed. Rats showing a

constant oestrous cycle were grouped together and

animals showing an atypical oestrous cycle (appearance

of irregular periods of dioestrus) were placed in

another group.

°) Group of androgenized rats injected with human

chorionic gonadotrophin (H.C.G.). A number of rats

showing a oonstant oestrous cycle were injected

subcutaneously with 70Qp»g. H.C.G. in a single dose

to produce ovulation and corpora lutea formation.

The injection Wc-s given on the same day that the rats

were implanted with oestrogen. In some rats the

injection of H.C.G. was given 8 to 10 days after

implanting oestrogen. In this latter group one

mammary gland of the rat was taken for control (of
histological studies immediately before the injection
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of H.C.G.

d) Group of normal ovariectomized rata. A group of

animals was ovariectomized when adult by laparotomy

under ether anaesthesia,

e) Group of hemiovariectomized rata, A number of

normal and androgenized female rats were

hemiovariectomized the same day that the oestrogen

implant was made,

MALE RATS

a) Group of normal male rats. Normal rats weighing

between 200g, to 350g. were used,

b) Group of oestrogenized rats, Male rats were

injected subcutaneously with a single dose of stilboestraL

(750mg.) at four days of age,

°) Group cf male rats castrated at birth, A number

of rets were castrated within the first 24 to 36 hours

after birth. A group of inbred rats castrated at birth

were given when adult an ovarian graft into the anterior

chamber of the eye. The grafts were placed on the

same day the animals were implanted with oestradiol.

The castration was performed through a single small

incision in the abdominal wall under light ether

anaesthesia. The ovaries were grafted by placing the

tissue through a small incision made in one angle of

the eye and the eyelids were sutured to protect the
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graft for 3 days.

d) Group of male rata castrated when adult. The

castration was performed through a single incision in

the abdominal wall under light ether anaesthesia.

QEST&ADIOL IMPLANTS.

Apart from the control groups in which no implants

were performed, all the other groups were implanted

with oestrogen or cholesterol bilaterally. ©Estradiol

implants were prepared a3 described by Lisk (240).

Molten oestradiol was allowed to flow into a 28 gauge

hollow steel tube by capillarity. Excess oestrogen

was scrapped off under a dissecting microscope.
Implants of cholesterol were prepared in a similar way.

A group of control rats were implanted with empty

cannulas. Bilateral implants were made, without regard

to the stage of the oestrous cycle in the normal rats,

in various areas of the hypothalamus or in the anterior

pituitary with the use of a stereotaxic instrument and

the coordinates of the De Groot atlas (254-). The

implant operation was done under ether anaesthesia and

the tubes were placed in position after drilling a

small burr hole. The cannulas were fixed to the skull

by application of dental cement to the region of the

protruding steel tube and to two small screws which

were also attached to the skull to obtain steady
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fixation. After implantation the rats were returned

to single cages and the vaginal smears taken every day

in the group of female rats. The implants were

maintained for 7» 14 and 21 days and in some rats for

longer periods. The animals were killed with ether.

In female rats the ovaries, uteri and anterior lobe of

the pituitary were weighed. In male rats the weight

of testes, adrenal and anterior lobe were recorded.

Histological study of sections of mammary glands,

ovaries, vagina, adrenals, 3eminal vesicles and testes

were carried out after staining with hematoxylin and

eosin. Localization of the hypothalamic implants

were done by study of several sections of the brain.

The mark of the tip could easily be observed in the

hypophysis.

In most female rats showing a constant^cycle, oestrus
after the oestradiol implant, an oxytocin test (177)

to demonstrate milk ejection was performed under ether
to

anaesthesia prior^sacrificing the animals. The ovaries
grafted in the male castrated at birth were carefully

dissected out under a dissecting microscope and

examined histologically after staining with hematoxilin

and eosin.

The mammary gland growth was graded from + to ++++

and the presence of milk secretion was indicated by
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the sign o • The predominance of an histological

pattern is specially quoted in the description of the

results.

The steroids and related compounds used were as

follows! oestradiol, progesterone, testosterone and

cholesterol (all from British Drug Houses), stilboestrol

(organon) and human chorionic gonadotrophin (E.L.E.A.

Argentina)•
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RESULTS

I - Observations on Female Rats.

Implants of oestradiol in the basal tuberal region of

normal female rats.

This group includes 18 rats in which implants were

made either in the arcuate nucleus (AN) or median

eminence (ME) (12 rats) or in the mamillary bodies

(MB) (6 rats). The effect of oestradiol implants on

organ weights are shown in Table 1. A highly-

significant increase in the size of the anterior lobe

as compared with the controls was obtained when the

cannula containing a minute amount of oestradiol was

placed in the region of the arcuate nucleus (KO.OOl).

Less increase was observed by implanting oestrogen in

the MB region. Implants placed outside the tuberal

region had little or no effect on the anterior

pituitary weight (PC0.05, between implants into MB

and other areas, P<0.01 when comparing implants in the

ME area and those located outside the ME). The

implants in other areas of the hypothalamus were

looated in the anterior hypothalamus, preoptio area,

dorse - and ventromedial nucleus, lateral and posterior

hypothalamus and amygdaloid complex. Since a single

implant was capable of inducing a maximal effect,

occasionally bilateral control implants were located

in two different nuclei at the same time. If the

result was negative it was dear that neither site was



EFFECTOF©ESTRADIOLANDCHOLESTEROLIMPLANTSONORGANWEIGHTSINNORMALFEMALERATS
Locationofno.ofAnteriorlobeOvaryUteriWeight implantrats(mg)(nig)(mg)(g) M.S.12(x)19-1±3.3(6)2?>5+n9# M.B.612.3t0.9(5)33*611*9 A.P.520.0i2.>*74fsl73*3f4}310i16238t5 outsideM.E.89.6i1™;J;T|470J35S23♦6 Blankimpl.+,+M.E.(8)A.P.(4)129.4i0.3f£lIl83Ji7I'lrA413±24215i6 Control87.0i0.929.4-3.430.5i5(6)385t4-21016 24.8i

£

Keytoabbrevations:M.E.fMedianEminenceregion;A.P.fAnteriotPituitary;M.B.,Mammillarybodies
*Mean*SEM,()numberofratsifthisdifferfromtotalnumberingroup **Nothemiovariectomizedrats,***RatssubjectedtohemiovariectomyPercentageofcompensatoryhypertrophy:OutsideM.E.group=46.5$ Blankimpl.group=39.51°

26.3

+

1.1(8)
31.3

+

4.5(8)
28.5

+

3.3(4)
23.8

+

(1)

29.7

+

1.2(5)
44.7

+

3.7(3)
31.6

+

1.5(6)
45.5

4*

2.5(6)
30.5

+

5(6)
44.7

+

(1)

TABLEI
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important in the present context. If the result was

positive then a further control observation was

performed. Some rats with one cannula in the ME

and the other in the dorso - or ventromedial nucleus

showed a markedly positive effect. Control animals

implanted with an empty cannula or one containing

cholesterol, shaed no effect and were similar to the

control non-implanted rats. In all the animals in

which the oestradiol implant induced an effect on the

mammary gland, the oestrous cycle was replaced by a

state of constant dioestrus. Histological study of

sections of vagina showed mucification and stratified

squamous epithelium and the ovaries presented large

corpora lutea (Plate 2). It is noteworthy that in

a group of rats hemi-ovarieatomized the same day that

the implantation was made, only those rats in which

oestradiol implants were lodged into the basal tuberal

region or the anterior pituitary lobe, showed no

compensatory hypertrophy. In contrast, rats bearing

oestradiol implants outside the ME or bearing blank

cannulae in the tuberal region, showed 1+6,5% and

39,5% increase in the weight of the remaining ovary

respectively. The effect of oestradiol implants on

the weight of the uteri showssome contradictory results.

As compared with the values obtained from the rats

implanted with the steroid in areas outside the ME and



Histologicalappearanceofmammaryglandsfromnormalrats(left)andratbearing oestradiolimplantintotheM.E.region.(Bothphotographsareatsimilarmagnification). Plate1



Normalovaryfilledwithcorporalutea(left). withanimplantinthe"basaltuberal Plate2

Vaginalmucosafromarat region(right).
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those bearing empty tubes, the uteri from rats

implanted with oestrogen in the tuberal region were

significantly lighter. No difference was found

between this group and the normal cycling rats.

IMPLANTS OF OESTRADIOL IN THE ANTERIOR LOBE OF THE

HYPOPHYSIS.

The effects obtained with implants in the pituitary

were closely similar to those obtained by implanting

the steroid in the basal tuberal region. Since no

difference was seen between the pituitary and ME

implants on the ovarian weight, both type of rats were

grouped together.

EFFECT OF OESTRADIOL IMPLANTS IN THE BASAL TUBERAL

REGION AND PITUITARY ON MAMMARY GROWTH.

The mammae of these animals showed a marked

lobuloalveolai development with a variable amount of

milk secretion (Plate l). The maximal effect was

obtained when the implants were placed in the anterior

pituitary lobe or the ME. Implants in the mammillary

bodies were less effective. Nine out of twenty three

rats showing a marked mammary gland growth were capable

of ejecting milk after an intraperitoneal injection of

oxytocin (Plate 3). To permit the milk flow from the

mammae a nipple was superficially cut under light ether



Ontheleft,milkejectionaftergivingoxytocintoanormalratimplanted,withoestradiol
intheM.E.region.Ontheright,sagittalsectionofthehypothalamusshowingthesites ofbilateralimplantsplacedintheM.E. Plate3
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anaesthesia prior to killing the animal. In the

majority of the animals the correlation between the

increase in the pituitary size and the maximal mammary

gland development was evident. No effect on mammary

gland growth was observed in the control rats, blank

implanted ones or rats bearing an oestrogen implant

outside the ME region.

IMPLANTS OF OESTRADIOL IN THE BASAL TUBERAL REGION AND

PITUITARY OF ANDROGENIZED FEMALE RATS.

In an effort to determine the role of progesterone

in mammary gland growth, a group of rats treated with

testosterone at 3-5 days of age received implants.

Testosterone at this age produces persistent vaginal

cornification and follicular ovaries without corpora

lutea. In this series of experiments the results

could be divided into two groups according to the

typedf constant oestrus which developed as a result of

the hormone treatment in infancy and before oestradiol

implantation: A, rats showing an atypical constant

oestrus oycle, and B, rats showing a true constant

oestrus cycle.

A. gats with an atypical constant oestrus (CE) cycle.

In this group, the vaginal smears were predominantly

of an oestrous type, but with irregular occasional

signs of dioestrus. Some of these rats were placed
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with active males but none became pregnant. After

implantation animals in this group presented results

in every way similar to those obtained in normal

implanted females (Table II). The implants of

oestradiol into the arcute nucleus region were less

effective in enlarging the anterior lobe than those

made into the lobe itself (l<0.05). Nevertheless,

the pituitary weight was significantly greater than

that of controls, or those bearing blank implants, or

steroid implants in other hypothalamic areas (K0.01,

P<0.001 and P<0.02 respectively). Again as in normal

females, in this group following hemi-ovariectomy no

compensatory hypertrophy of the remaining ovary was

obtained when the oestradiol implants were in either

the ME region or the anterior lobe. In contrast,

the control atypical CE implanted animals and those

bearing oestradiol implants outside the basal tuberal

region showed a compensatory hypertrophy of 46.8^0

and 38% respectively. No hemi-ovariectomy was

performed in the control group. Regarding the mammary

glands, oestradiol implants in the ME region, manm&llary

bodies or anterior lobe produced a markedly lobuloalveolar

development and milk secretion (ELate 4). In 8 out

of 15 rats milk ejection was obtained by giving oxytocin

intraperitoneally. In all the rats in which the



EFFECTOFOESTRADIOLANDCHOLESTEROLIMPLANT
OHORGANWEIGHTSINANDROGENIZEDFEMALERATS

Typeof animal

Locationof implant

no.ofAnteriorlobe rats(mg)

OvaryUteriWeight
Firstov.Secondov.(g)(g)

Androgen

M.E.

8

15.51

0.9(7)

25.5

+

2.7

24.5

+

3.7

323

+

19

246

+

11

treated showing

A.P.

7

20.41
1.5*

26.9

3.4

25.6

-f

1.5

369

+

27

211

+

12

atypical

6.3(x)

cycles

OutsideM.E.

4

10.9i
1.1

25.5

+

2.9

35.0

+

519

+

13

230

+

10

Blankimpl. M.E.(4)A.P.(3)
7

9.7i

0.6

28.8

+

2.3

42.3

+

4-4(xx)
380

+

46

209

+

8

Control

4

10.41
0.5

21.0

+

2.9

24.1

+

5.0**

577

+

33

213

+

5

Androgen treated showing C.E.cycle

M.E.

8

13.3

+

1.1

15.9t1.2
14.9i1.6

315i

21

208i

A.P.

6

12.5

+

1.3

OutsideM.E.

5

7.8

+

0.4

17.2t1.2
18.312.9

390t

36

1921

Blankimpl. M.E-A.P. Control

3 7

11.5-1.0 8.3i0.6

14.0

11.6

11.8

+

0.6

395t24220i

17.8

i1.5

16.5

+

1.6(4)

389t22231i

16.7

t1.1

17.6

+

1.2**(3)

Allratswerehemiovariectomizedthesamedaytheimplantwasapplied.**Nothemiovariectomizsdrats Percentageofcompensatoryhypertrophy:(x)38$;(xx)46.8$ Keytoahbrevations:M.E.,Medianeminenceregion;A.P.,Anteriorpituitary,C.E.,Constantoestrus *Mean-SEM,()numberofratsifthisdiffersfromtotalnumberingroup. TABLEII



Above: Histological appearance of mammary gland from an androgenized rat
(atypical cycle) implanted with cholesterol into the arcuate nucleus.

Below: Mammary growth with milk secretion from androgenized rat (atypical
cycle) implanted with oestradiol in the anterior pituitary lobe.

Plate 4
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oestradiol produced an effect on the mammary gland,
«

a mucfcfied vagina was observed and the rats showed a

constant dioestrus. In the three groups of control

animals (androgenizedoply, blank implanted and

oestradiol located outside the ME) the atypical type

of constant oestrus was seen throughout the experimental

period, and there was no effect on mammary gland

development.

The uteri, of rats implanted with oestradiol in

the ME and adenohypophysis were significantly lighter

than the uteri of controls without implants (P<0,01).

A significant difference was also observed between

androgenized control rats and similar animals with

blank implants (Rs0.02). The latter were much lighter

(Table II).

B. Bats with true constant oestrus (CE) cycle

In this group of androgenized rats vaginal smears

showed anvinvarying and true constant oestrus. In

these animals, oestradiol located in the ME region of

the adenohypophysis were less effective in enlarging

the anterior lobe than in the two former groups

(normal females and adrogenized rats with atypical

CE cycle). However, the pituitary weights were

significantly higher than those of rats bearing

oestradiol implants in areas outside the ME region
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(p=0.01 for ME implant and BC0.05 for pituitaiy

implant) and of control rats (R(0.01 and RsO.Ol

respectively).

In 3 rats with blank implants in both the ME

region and anterior pituitaiy lobe, no significant

difference was observed in adenohypophysial weight

as compared with rats implanted with oestrogen in the

tuberal region or the adenohypophysis. The effect of

steroid implants on the mammary gland growth showed

interesting results. In this group in which the

ovaries were devoid of corpora lutea and in which

consequently progesterone secretion was absent, the

oestradiol implanted into the ME region and anterior

pituitary lobe produced a mammary gland development

characterized by dilated ducts surrounded by small

cystic structures (Plate 5) all of which were distended

with a variable amount of secretion. None of the

rats tested produced milk ejection. As in the other

groups, implants of oestradiol which lodged outside

the basal tuberal region and cholesterol implants had

no effect in promoting mammary gland growth. In three

rats in which the implants of oestrogen were located

into the MB, two showed slight mammary growth, the

other was no different from the controls.

All rats from the CE group showed small follicular



Above: Mammary gland from a control constant oestrus rat (androgenized
female rat without implant).

Below: Mammary gland growth in a constant oestrus rat implanted with
oestradiol in the M.E.

Plate 5
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ovaries devoid of corpora lutea (Plate 6). No

compensatory hypertrophy of the ovaries was observed

in either the oestradiol implanted or the control

animals. No changes were observed in the ovarian

histology of rats under the effect of oestradiol

implant (Table II).

EFFECT OF HUMAN CHORIONIC GONADOTROPHIN ON THE CONSTANT

OESTRUS RATS IMPLANTED WITH OESTRADIOL.

To determine if the mammary gland growth observed

in the CE rats with oestradiol placed in the ME or

anterior pituitary was due to a laok of progesterone

in the circulation, a number of rats was injected
(ty,

with 700 mg HCC the same day that/^estradiol implant
-fu<"tk=T~

was inserted. In a^group of rats the HCG- was given
8 to 10 days after implanting oestradiol and one

mammary gland taken immediately before the injection

in order to compare the effect of the implant before

and after the administration of HC&. In only 2 out of

18 rats did HC& produce no effect on the ovaries whioh

showed no corpora lutea formation . It is notable

that in these two rats in which HOC had no effect,

oestradiol implanted into the pituitary gland also had

no effect on the mammary gland. When the oestradiol

was placed either in the ME area or the anterior lobe



Left: Right:
Histologicalsectionofan Ovaryfromanandrogenized
ovaryfromanandrogenizedratshowingatypicalcycle, ratwithconstantoestrus. Plate6
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(++++) (Plate 7) 8 out of 13 rats showed a markedly

lobuloalveolar development without milk secretion} in

the remaining 5 rats the effect was less pronounced

(++) but an increase in duct formation was noted.

Implants lodged in the ventromedial nucleus and MB

were noticeably less active in producing lobuloalveolar

development than those located in the ME region or

adenohypophysis. Apart from the two rats in which

both the HCG and the pituitary oestradiol implant had

no effect, all the rats showed vaginal mucification

but less than that observed in normal implanted rats,

and remained in constant dioestrus. The ovaries of

this group presented enlarged corpora lutea formation

(Plate 8) and an increase in weight.

In rats bearing empty tubes or cholesterol implants,

the ovaries presented few corpora lutea with predominance

of follicles, a picture similar to that observed in the

androgenized rats with atypical constant oestrus.

Immediately after the HOG- injection the vaginal smears

of this group showed a state of constant dioestrus and

later remained in constant oestrus. The uterine

weight of both groups, the oestradiol and blank

implanted, were almost identical (Tali III).
Three ovarieatomized rats implanted with oestradiol

in the hypophysis (2 rats) and the ME (l rat) showed a



Mammary glandB from a constant oastrue rat (androgeniaed female
rat) implanted with oeatradiol in the M,E. "before (above) and

after (below) treatment with H»C.G.

Plate 7



Above: Ovarian section of an implanted rat with constant oestrus before
(left) and after treatment with H.C.G. (right).

Below: Mucified vagina from the same rat after treatment with H.G.G.

Plate 8
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mammary gland growth similar to that observed in the

oestradiol implanted constant oestrus rats, but with

less duct proliferation and small cystio formation

surrounding the ducts. Milk secretion was also

observed. The vaginal smears showed a constant

oestrous state. The anterior lobes were greatly

enlarged and the uterus of one of the rats with a

pituitary implant was atrophic. The other two uteri

were significantly lighter than those of normal

cycling rats.
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DISCUSSION

After this work had began, Ramirez and MoCann

reported an effect of oestradiol implants in promoting

prolactin seoretion in normal female rats (213)•

The posterior median eminence and the adjacent

basal tuberal region occupied by the arcuate nucleus

have been found to exert an important influence on

the control of synthesis and release of lactogenic
o

and gonadjjtrophic hormones. In spite of many years
of investigation, there is as yet no well established

ooncept of what is the real influence of oestrogen on

lactation. It is known that oestrogen can initiate

milk secretion and can also inhibit established

lactation. Reports made by different authors (237#

240, 241) have demonstrated that oestrogen may have a

direct action on the hypothalamus and pituitary.

Implants of ovarian tissue and solid oestradiol into

the basal tuberal region inhibit gonadotrophs function

in the rat. Recently, Kanematzu and Sawyer (245)

proposed that oestrogen may act on the hypothalamus

of the rabbit both to inhibit release and to stimulate

synthesis of prolactin, while in the pituitary the

hormone promotes the release of prolactin.

From the results obtained in the present study,
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it is apparent that in the rat oestrogen implants in

the hypothalamo-hypophysial region can release

pituitary hormones which in turn produce mammaiy gland

growth. The presence of a muoified vagina and a

state of constant dioestrus accompanied by enlargement

of the corpora lutea indicate that the implant evokes

luteotrophic hormone release. It is well known that

vaginal mucification only occurs when the vagina is

under the combined influence of oestrogen and

progesterone. Observations made by Eamitles and

McCann (243) showed that in the rat, oestrogen implants

lodged in the ME and anterior pituitary lobe increased

the release and synthesis of prolactin by the

adenohypophysis.

The marked effect on the mammaiy gland of oestrogen

implanted either into the ME,rostral part of the MB or

anterior pituitary lobe clearly shows that prolaotin

must have been released. The dramatic effect on milk

secretion evidenced by milk ejection in most animals,

shows undoubtedly that prolactin was involved in the

elaboration of secretion. The fact that in four rats

killed 7 days after implantation of oestradiol either

in the ME or the pituitary, a full mammary gland

development was obtained indicates that the steroid

produced an immediate effect on the synthesis and
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release of prolactin. These results are entirely in

agreement with those reported in which it was

demonstrated that oestrogen increased the LTH secretion

from the hypophysis in vitro (169) and altered the

prolactin content of pituitary grafts (205). The

enlargement of the anterior lobe in rats showing a full

mammary gland development may be due to an increase in

the rate of synthesis and stores of prolactin.

The effect of ME implants of oestradiol in

decreasing uterine weight has been previously reported

by Lisk (24.O). The present observations confirm his

results. The contradictory results showing no

difference between the uteri of normal cyoling rats and

those bearing an oestrogen implant in the basal tuberal

region are difficult to understand. Since the normal

rats were killed at various stages of the oestrous

cycle without any regard to the vaginal smears, it is
«TT~

not possible to assess the importance^otherwise of the

stage of the cycle. An interesting observation is

the absence of any compensatory hypertrophy in

hemispayed rats with oestradiol implants located either

in the median eminence region or the anterior pituitary

lobe. The observation that oestrogen or ovarian grafts

placed in the basal tuberal region inhibited gonadotrophin

function causing a loss of the oestrous cycle and uterine
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atrophy might provide some explanation (240, 241, 242),

It is possible that oestradiol impaired the feedback

system for the hormonal complex necessary for luteal

and follicular growth. It i3 well known that removal

of one ovary from normal rats is followed by a

compensatory hypertrophy of the remaining one (154-, 252)

and that most of the weight gain is due to the gain in

luteal tissue.

The results obtained in the group of androgenized

female rats with an atypical oestrous cycle indicate
v

that these rats, despite the nature of the cyole, had

functional corpora lutea. The effect observed in the

mammary gland and the mucification of the vagina, confirm

the presence of functional corpora lutea. The

histological study of the ovaries showed enlarged

corpora lutea and predominance of small follicles

(Plate $), The significant difference in uterine weight

between rats bearing a blank implant in the ME and

control animals can not be explained. Lisk's results

showed a greater reduction in uterine weight than

was seen in the present experiments. Possibly this

is due to the much smaller size of the oestradiol—

carrying oannula in this series.

Confirmation that progesterone in the main

hormone involved in the lobuloalveolar development is
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provided by the results obtained in constant oestrus

rats implanted with oestradiol. The implant lodged

in the ME region or the anterior lobe produced a

marked duct development in the mammary gland. The

ducts were distended with secretion. Where there

was absence of lobuloalveolar growth it was as in the

constant oestrus rats, due to the absenoe of

progesterone production by the follicular ovaries

devoid of corpora lutea. When these rats were

injected with HCG- to produce corpora lutea formation,

then the implant of oestradiol was able to induce a

noticeable lobuloalveolar growth. The constant

dioestrous state and the mucified vagina observed after

implantation clearly showed that the HCG- injected

induced functional corpora lutea formation and that

progesterone had been released. The lack of milk

secretion observed in these mammazy glands might be

due to a decrease in the amount of prolactin released

of. to an inhibitory effect exerted by progesterone,

possibly produced in excessive amount by the new

corpora lutea. The histology of these mammazy glands

is like that of pregnant rats.

These results confirm early observations that the

combination of oestrogen-progesterone-prolactin induoes

full mammary gland development in hypophy-sectomized-
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ovariectoraized rats (80, 99). It would be expected

then, that giving progesterone to CE rats should lead

to mammary growth and development. However, in a

few unreported experiments giving 0.4 mg. progesterone

on alternate days did not have any apparent effect.

Possibly the dose used inhibited the central effect
of oestradiol. This result confirms previous

observations that the dosage ratio between oestrogen

and progesterone is an important factor (87) and an

excess in the amount of progesterone administered

blocks the effect of oestrogen. In the group of HCG

injected rats when implants were located adjacent to

the MEjSUch as in the MB^there seemed to be a less
effeotive release of prolactin. It is possible that

when the implant is not properly placed in the ME

region, an excess of progesterone production by the

new formed corpora lutea could produce some inhibition

of the effect of oestrogen. On the other hand, the

fact that in the non-injeoted CE rats the oestradiol

implanted was less dfective when located in the

mamHilary bodies led to the assumption that in the

constant oestrous rats the sensitivity of adjacent

areas and that of the ME itself is di^minished. This

might explain why the oestradiol implant was legs

effective in inducing a marked enlargement of the
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anterior lobe.

The ovaries of the constant oestrus rats injected

with HCG- and bearing empty or cholesterol filled

cannulae, showed little corpora lutea formation and a

predominance of follicles. This fact may be due to

a short term effect of the HCG- injected and that the

lack of prolactin permitsjmore rapid regression of the

corpora lutea formed. The prolactin released in the

rats showing mammary gland growth may keep the new

corpora lutea active.

The lack of compensatory hypertrophy observed in

the hemiovariectomized constant oestrus unimplanted

control animals agrees with the postulation of

Barraclough and Gorsky (233) that prepuberal androgen

treatment alters the function of the "ovulation

controlling" preoptic region of the hypothalamus. On

the other hand, these results do not agree with the

observation of Swanson and Ten Bosh that hemispaying

is followed by compensatory growth of the remaining

ovary in androgenized female rats^d^The enlarged

ovaries observed in the CE rats injected with HCG- is

probably due to the gonadotrpphin injected.
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CONCLUSION

From the results obtained by implanting oestradiol

in the hypothalamus and anterior lobe of different

groups of female rats, the following conclusions were

reached.

1. - Oestradiol implanted into the ME region, arcuate

nucleus and rostral portion of the mamillary bodies

and in the anterior pituitary lobe, is able to induoe

a full lobuloalveolar growth with milk secretion in

normal female rats. Other areas of the hypothalamus

did not respond to an oestrogen implant. The milk

ejeotion observed in most rats gives evidence of a full

mammary gland growth similar to that observed

immediately after parturition.

2. - In androgenized rats in which prepuberal treatment

with testosterone produced an atypical constant oestrus

cycle, implants of oestradiol induoed the same effect

as that observed in normal cycling animals.

3. - Androgenized rats exhibiting a constant oestrus

cycle respond to the oestrogen implant in the ME

region and anterior pituitary lobe by a marked

development of ducts distended with secretion. This

result clearly shows that cells of the ME region and

the adenohypophysis responsible for the synthesis and
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release of prolactin are not affected by prepuberal

treatment with testosterone as are the other gonadstrophic

hormones. It may be possible that a decrease in

sensitivity occurs.

4. - That a synergistic action exists between

progesterone and oestrogen in promoting full mammary

gland growth when prolactin is released, is well

established, as well as the importance of the dose

ratio in which the hormones have to be administered.

5. - According to previous findings showing that the

main adenohypophysial hormones involved in mammary

growth are prolactin, AC®, growth and ovarian

hormones (82) it can be postulated that oestradiol

implants may induce not only prolactin release but

G-H and AC® as well. In a recent publication, it has

been shown that oestradiol implanted into the ME

causes a significant increase in adrenal weight of

rats (253).
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II - Observations on Male Rats

EFFECT OF OSTRADIOL IMPLANTS IN THE HYPOTHALAMO-

HYPOPHYSIAL REGION IN NORMAL MALE RATS.

Bilateral oestrogen implants allowed to remain

14 days in the ME, arcuate nucleus or the anterior

pituitary lobe, produced in most males mammary

development and an increase in the anterior pituitary

weight. In two out of 4 rats with implants in the

ME microscopic examination of the mammary gland showed

large cystic formations distended with seoretion (+++o).

In the other two rats the effect though present was

less evident (++o to +++o). In 3 rats in which the

steroid implants were located in the mam^illary bodies,

the mammary gland showed slight development (++)•
When the oestradiol was placed in the anterior

lobe the mammary gland showed a marked lobular growth

(+++o) in 2 out of 3 rats. Only a slight effect

was observed in the third, in which one of the oannulae

was located in the MB and the other in the anterior

lobe. Control rats (7)» males implanted with

cholesterol and those in which the implant was placed

outside the ME region had mammary glands with no

evidence of lobular or ductal growth.

The increase in pituitary weight observed in

male rats bearing oestradiol implants in the anterior



81

pituitary and the ME area was significantly higher

when compared with the unimplanted or cholesterol

implanted rats or animals with implants outside the

basal tuberal region (P<0.001) (Table IV) •

Histological studies of testes from rats in which

the implant was lodged in the basal tuberal region

showed some degree of atrophy in 4 rats out of 7*

When oestrogen was placed in the pituitary lobe 2 out

of 3 rats showed testicular atrophy. On the other

hand considering the weight of the testes, the group

of rats with median eminence implants showed a

significant decrease when compared with the controls

(P<0.05) and cholesterol implanted animals (P=0.0l)

(Table IV), The seminal vesicles of 5 out of 7 rata

with oestradiol implants in the ME showed microscopic

signs of atrophy as evidenced by an increase of

connective tissue relative to the glandular tissue

and diminution in the secretion; in 2 out of the 3

rats with implants in the pituitary there was some

degree of atrophy,

OESTRADIOL IMPLANTS IN OESTROOENIZED MALE RATS.

It ha3 been shown above that oestradiol implants

in normal males can induce release of sufficient

prolactin to cause growth of the mammary gland. It

was therefore of interest to see whether or not a



EFFECTOFOESTRADIOLANDCHOLESTEROLIMPLANTSOHTHEANTERIORLOBEWEIGHT ANDTESTESWEIGHTINNORMALANDOESTROGENIZEDMALERATS
Locationofno.ofAnteriorlobeTestesweightWeight implantratsweight(mg)(g)(g) M.E.

7

-14.1£0.9*

2.6£0.22

336£6

A.P.

3

16.5£1.8

2.9£0.28

341i5

OutsideM.E.

6

7.9£0.3

3.2£0.3

331£5

Blankimpl. M.E.(6)A.P.(2)
8

6.8£0.2

3.2£0.07

330£7

Control

7

7.7£0.09

3.3£0.1

440£4

M.E.721.7i2.1(6)1.0£0.07214£13 A.P.17.80.9200 "rO(5)4)97.9i0.50.9i0.14216i15
OutsideM.E.97-5£0.51.3£0.15(4)**235£12 0.4£0.08(5)

Keytoabbrevations:M.E.,MedianEminenceregion;A.P.,AnteriorPituitary
*Mean£SEM,()numberofratsifthisdiffersfromtotalnumberingroup **Ratswiththesametreatmentbutwithdifferenteffectontestesweight(seetext) TABLE*IV
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similar result followed in functionally gonadectomised

males. Therefore male rats were treated at five days

of age with 700 /tg. stilboestrol in order to produce

the functional gonadectomy, and were later implanted

with oestradiol. In six rats the implant was made

in the basal tuberal region, and these animals showed

a marked mammary gland development (++++o) (Plate 9)•

On histological examination these glands presented

enlarged cystio formations with abundant secretion.

In one rat in which the oestrogen was in the anterior

pituitary the mammary growth was less marked (++40)•

In 9 rats the oestrogen was outside the ME region,

and of these slight mammary growth (++) was observed

in one in which it was in the ventromedial nucleus

and in one other in which the implant was lying in

the third ventricle.

The weights of the anterior pituitaries in the

first 6 animals were significantly higher than in

the 3 control groups of rats (control unimplanted

oestrogenized, cholesterol implanted and oestradiol

implanted) in none of which there was any pituitary

enlargement relative to normal animals (P<0,001)

(Table IV) and in the unimplanted oestrogenized rats

there was no sign of mammary development. In one

cholesterol implanted rat there was some degree (++)



Mammary gland section of an oestrogenized male rat in which
oestradiol had "bean applied to the arcuate nucleus.

(A similar picture was observed in normal implanted male rats)

Plate 9



83

of duct development, in this case the implant was

found to be lying against the pituitary stalk.

The testes from the oestrogenized rats presented

various degrees of atrophy (Table IV). The presence

of small "islands" of testicular tissue showing normal

spermatogenesis may indicate that a partial

gonadotropin function existed in these animal s.

Atrophic seminal vesicles were observed in the majority

of the animals. No male behaviour was tested in the

present group.

EFFECT OF OESTRADIOL IMPLANTS ON THE MAMMARY GROWTH

OF MALE RATS CASTRATED WITHIN 24 HOURS OF BIRTH

Oestrogen implanted in the same region as in

the preceding two groups caused a significant increase

in pituitary weight (Table V), when compared with

control and blank implanted rats (P<O.OOl). A

significant increase was also observed when compared

with rats bearing oestradiol implants outside the

ME (P<0.02). In the present series rats with

oestrogen placed in the anterior pituitary and in

the basal tuberal region were grouped together, since

no difference was found between them in pituitary

enlargement and mammary gland growth. An Interesting

histological picture was obtained in the mammary

glands of the male rats castrated at birth when



EFFECTOFOESTRADIOLAHDCHOLESTEROLIMPLAHTSOBPITUITARYWEIGHTOFCASTRATED MALERATS

Typeofanimal

Locationof implant

no.of rats

Anteriorlobe weight(mg)

Weight (g)

Castratedat birth

M.E.(8) A.P.(8)

16

18.2£1.5*

277£9

OutsideM.E.

9

12.4-1.3

263£7

Blankimpl. M.E.(4)A.P.(6)
10

9.3i0.5

311£14

Control

10

•

o

+1

00

.

CO

285£9

Castratedwhen adult

M.E.

4

17.6£2.6

285±11

OutsideM.E.

2

7.0±0.7

250£42

Control

7

6.8£0.1

289£7

Castratedatbirth +ovariangraft (AxCstrain)

M.E.-A.P. OutsideM.E.

8 4

11.6£0.4 6.2£0.8

182£17 133-9

Blankimpl.

6

5-9i1.3

167-20

Keytoabbrevations:M.E.tMedianEminenceregion;A.P.,AnteriorPituitary*Mean—SEMt()numberofratsifthisdiffersfromtotalnumberingroup. TABLEV
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oestradiol was applied either in the ME or anterior pituitary}

dilated ducts surrounded by small cystio formations distended

with variable amounts of secretion w]dere found (Plate 10).
This type of mammary growth was identical with that observed

previously in androgenized female rats which were implanted with

oestrogen in similar sites (see Plate 5)* Pour castrated males

which were implanted at 12 months of age showed a mammary growth

similar to that obtained in normal males implanted with oestradiol.

In two of the rats the implant was located in the ME and in the

other two in the pituitary. None of the control rats (unimplanted)

castrated, oholesterol implanted and oestradiol implanted outside

the ME area) showed mammary gland growth. The dense clusters of

alveoli characteristic of the normal male rats were never observed

in the mammary glands of control males castrated at birth.

Four male rats castrated when adult were implanted 1-2 months

after operation with oestradiol in the ME region. The mammary

growth obtained in these was intermediate between the growth

observed in normal and oestrogenized males and in rats castrated

at birth, (Plate 10). Control rats castrated when adult showed

the typical histology of the normal male mammary gland.

EFFECT OF OESTRADIOL IMPLANTS IN INBRED RATS (AxC 3train)

CASTRATED AT BIRTH AND CRAFTED WITH OVARIAN TISSUE.

To evaluate the possible role of progesterone in the development

of mammary changes induced by oestradiol implants in males

castrated at birth, a number of inbred castrated rats were grafted



Histological appearance of mammary glands from (above) a male rat
castrated at birth in which an oestradiol implant has been placed
in the M.E. when adult and (below) from an adult castrated male

rat with an implant in the same region.

Plate 10
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with an ovary from a littermate. The ovaries were grafted in

the eye immediately after the placement of the implant. In

two out of 8 rats implanted with oestradiol in the ME and

pituitary gland, a female type mammary growth was obtained (Plate

1|). Milk secretion was hot observed. In one other rat only

a slight degree of female type mammary growth was noticed. The

histology of the ovarian graft taken from these 3 rats showed

corpora lutea formation (Plate 12), but in the other 5 rats a

follicular ovary without corpora lutea formation was found. The

mammary glands of the last five rats developed like those from the

oestradiol implanted males castrated at birth without ovarian

grafts. Some follicles in the ovaries of these rats presented

signs of luteinization (Plate 13). In 2 out of 6 rats bearing

ovarian grafts and cholesterol implants the mammary gland presented

a positive response and the histological changes were identical

with those observed in the group of oestradiol implanted castrated

rats. In four rats in which the oestrogen was placed in other

areas outside the ME region, no mammary changes were obtained and

the ovarian graft contained only follicles.

Table II shows the increasfe in anterior pituitary weight when

the implant was in the ME region or in the lobe itself.



Lefttorightmammaryglandfrom:anormalmale,anoestrogenizedmale withimplantintheM.E.,amaleratcastratedat"birthwithsubsequent oestrogenimplantintotheM.E.andaconstantoestrusrat(testosterone treatment)withtheimplantinthearcuatenucleus. Plate11



Above : Ovarian graft showing corpora lutea formation from male castrated
at birth with oestrogen later implanted in the M.E. (see text).

Below : Mammary gland taken from the same rat. (Note the female type of
mammary gland).

Plate 12



A"bove : Follicular ovarian graft showing absence of corpora lutea from
a male rat castrated within 24 hrs of birth and later implanted
with oestradiol in the M.E.

Below s Mammary gland taken from the same animal,

Plate 13
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DISCUSSION

She striking mammary secretoiy changes seen after

hypothalamic implants of oestradiol in male rats are

probably caused by a release of prolactin from the

adenohypophysis. The mammary gland growth obtained

in the normal and oestrogenized male rats by means of

oestradiol implants resembled that obtained by the

administration of prolactin to normal males (181).

The dramatic enlargement of the anterior lobe obtained

in the males treated with oestrogen at five days of

age, when compared with the normal implanted rat

suggests that the deficiency in testosterone produotion

in the former favours the effeot of oestradiol in the

MS region. Moreover, the mammary gland of the

oestrogenized animals showed more marked and consistent

lobular growth than those of the normal implanted rat.

It is very difficult to assess whether the cystic

formations observed in the mammary gland of normal and

oestrogenized implanted rats correspond to several

lobules dilated with seoretion or to distended ducts.

Most probably the histologic picture observed

corresponds to a dense cluster of alveoli greatly

distended by secretion. In the normal male, the

limited arborescence of the duct system into which

any secretion could flow might lead to the distended
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appearance seen. The results of this study show

that the ME region and the anterior pituitary are

oestrogen sensitive centres in the male rats as in

the females. The mamillary bodies seem to be less

sensitive to oestradiol in the male rat. In

androgenized females also the ME!s seem to be less

sensitive. A possible role of testosterone may be

inferred from these results. The effect observed on

the testes and seminal vesicles of normal rats implanted

with oestradiol showed that the steroid not only induoed

prolactin release, but also impaired the release of the

other gonadotropinsfrom the adenohypophysis. These

results are in agreement with the observations made by

Lisk (240). It would be of interest to see whether

implants maintained for a long period would gradually

improve the mammary gland growth while diminishing

the production of testosterone.

The mammary growth observed in oestrogenized rats

in which the cholesterol implant was lying against

the pituitary stalk, might be explained by a pressure

effect v/hich functionally disconnected the hypophysis

from the hypothalamus and thereby brought about

prolactin release.

Experiments done in rats castrated at birth

showed a different type of mammary growth from that
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obtained in the group of normal and oestrogenized

males. The evidence that the neural meohanism

concerned with the oontrol of gonatrophin release

is in an undifferentiated state at birth, and that

castration of male rats in the first 24 hours of life

produoes a female type hypothalamus led to the study

in such rats of the mammary response to oestradiol

implants. The mammary gland histology from oastrates

implanted when adult ^oestradiol in the ME area or the

pituitary showed the same type of development as that

obtained in the androgenized female rats. It is

known that in the virgin female rat only the duct

system develops, and complete lobuloalveolar growth

normally depends on the progesterone released in

pregnancy. If it is assumed that males castrated

at birth develop only a duct architecture, then the

small cystic formations surrounding the distended main

duct obtained in the oestradiol implanted male, could

perhaps correspond to small ducts cut transversely.

These results suggest that in a male rat in which

testosterone has been absent from the first 24 hours

of life, the mammary gland is able to respond in a

female way when oestraaiol implants produce a release

of prolactin. The pattern of mammary gland

development obtained in the constant oestrus female
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rats is presumably due to the lack of progesterone

(see Plate II).

The intermediate stage of mammary growth produced

in male rats castrated when adult and in which

oe3tradiol wa3 placed in the ME, clearly suggests

that testosterone can also be involved in mammary

growth. When testosterone is present the mammazy

gland will respond to oestrogen implants by showing

large cystio formations prohably due to distension

of the dense clusters of alveoli present in normal

or oestrogenized males. In the *>1fence of testosterone,

as in controls examined one or two months after

castration when adult, the mammazy glands, though of

the normal male type, appeared to have regressed;

glands from males castrated at birth showed a total

disappearance of the normal pattern. The histological

method used in the present study does not show whether

the duct system had also disappeared. A whole mount

preparation would be necessary to establish this point.

Thus the type of mammary response to oestradiol implant-

:ation may depend principally on the presence or

absence of testosterone in the circulation. The

intermediate development observed in the males

castrated when adult suggests that castration has to be

performed very early in life to obtain a complete
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disappearance of the dense clusters of alveoli present

in normal male mammary glands. It is noteworthy

that some of the oestrogenized rats in which the

testes were totally atrophic, the mammary gland

responded to oestradiol implants in a manner very

similar to that seen in males castrated at birth,

that is , early functional gonadectomy can lead to the

same result as surgical castration. The role of

progesterone in mammary gland growth of male rats

castrated at birth was evidenced by the results

obtained in the group in which an ovary was grafted

at the time of oestradiol implantation. In only

those rats in whioh the ovary developed functional

corpora lutea, did the mammary gland show a perfect

lobulo-alveolar development similar to that observed

in female rats, but no sign of secretion was observed.

On the other hand, in those animals in which the

ovarian graft showed no corpora lutea formation the

mammaiy gland growth was similar to that obtained in

rats with implants but no ovarian graft, i.e., dilated

ducts surrounded by cystic structures. These

observations lead to the hypothesis that in male rats

castrated at birth progesterone acting synergistically

with the oestradiol implant which is responsible for

prolactin release, is capable of inducing a female
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lobulo-alveolar growth in the mammaly glands. No

explanation can be offered for the lack of success

in producing corpora lutea formation in the majority

of animals bearing an ovarian graft.
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CONCLUSIONS

1. - The male rat is able to release prolactin under

the influence of centrally acting oestrogen.

2. - The oestrogen sensitive centres conchmed with

prolactin release in the hypothalamus of female and

male rats seem to be located in the basal tuberal

region.

3* - The anterior pituitary lcbe also directly reacts

to oestradiol and induoes prolactin release in the

male rat.

if. - The normal adult structure of the male mammary

gland seems to be dependant on the presence of

testosterone during the first days of life. When

testosterone is present the predominant structures are

dense clusters of lobuloalveolar tissue and little or

no duct formation, the picture depending on the

histological technique used. The absence of

testosterone is associated with the absence of the

normal struoture. The effect of castration at birth

on the anlage of the male mammary gland could not be

established from the results obtained in the present

study.

5. - The combination of an oestradiol implant in the

hypothalamo-hypophysial region, with progesterone

(released by an ovarian graft), and prolactin



(released by the oestradiol implant) is able to induce

a female type of lobuloalveolar growth In male rats

castrated at birth.
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GENERAL REMARKS '

i

The central effect of oestrogen on prolactin

release has been demonstrated in both female and

male rats. The results obtained show that the ME

region which includes, in the present study, the

arcuate nucleus and the rostral area of the mamillary

bodies, seemed to be the centre sensitive to oestradiol

implantation. The anterior pituitary has also been

found to be sensitive to oestrogen in promoting

prolactin release.

The presence or absence of corpora lutea in the

ovaries of female rats was found to be responsible for

the type of mammary gland growth which could be obtaihed

by implanting oestradiol in the ME region or the

anterior pituitary. Full mammary gland development

and milk ejection was only observed when progesterone

secretion was present. On the other hand, in the

absence of progesterone (i.e., in rats with follicular

ovaries devoid of corpora lutea) oestrogen implantation

induoed marked duct development and the absence of

lobulo-alveolar growth.

In male rats the presence of absence of

testosterone during the first days of life seemed to

influenoe the development of the mammary gland in later

N



95

life. The response of the mammary gland to prolactin

released by oestrogen implantation was also dependent

on the effect of testosterone in the first 24 hours

after birth. When oestrogen was placed in the basal

tuberal region or the adenohypophysis of male rats in

which testosterone was present during the first few

days of life, the dense cluster of alveoli (normal

structure in the male mammary gland) developed into

large cystic formations distended with seoretion.

In the male rat castrated at birth in which the

normal mammary gland structure is not present, the

effect of prolactin released under the central

influence of oestrogen, was to induce mammary gland

growth similar to that observed in constant oestrous

female rats. The presence of progesterone secreted

by an ovarian graft, in these implanted animals

induced a mammary gland growth typical of the

normal female type.

Further studies will be necessary to establish

if the anlage of the mammary gland either in female

or male rats is dependant on the presence or absence

of testosterone during the first 24 hours of life.

Work in progress shows that high levels of

circulating progesterone prevents or regulates (dose
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dependant) the release of prolactin induced by the

placement of oestrogen in the hypothalamus or

adenohypophysis. It has already been 3hown that

the administration of piqgesterone (0.4 rag every other
fcffaet

day) inhibited the central]of oestrogen in inducing
prolaotin release, and that the amount of progesterone

secreted by the new set of corpora lutea, induced by

the administration of HCG- to the constant oestrous

rats, prevented teoretion in the developed mammary

gland.

Results obtained in the present study may provide

some evidenoe for the neuro-hormonal mechanisms

involved in the mammary gland growth during pregnancy

in the rat.
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