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In a short review of the literature pertaining to mammary lobule-
alveolar growth in goats Mixner and Turner (187) make passing reference 
to the fact that " . . . considerable milk secretion can occur from a well 
extended duct system." This contention is supported by evidence 
which they themselves have derived from the goat, and which is appended 
to the review. Most relevant is the record of one animal given daily 
injections of diethylstilbestrol, which produced a maximum milk yield 
of 56 ml. per day and yet showed "a conspicuous lack of any degree of 
development of the lobule-alveolar system." No doubt a very slight 
degree of alveolar development would be sufficient for such a low milk 
production but the result implies an important contribution by duct 
secretion to the total milk volume in this particular case. Gardner 
et al. (98) had previously observed a similar phenomenon in the rabbit, 
the duct systems of ovariectomized immature females and of males 
pretreated with estrogen both responding to pituitary lactogenic prepara-
tions with clear evidence of milk secretion. Cytological data as reported 
in the previous chapter have also confirmed that lactation need not 
inevitably be associated with the presence of alveolar tissue. However, 
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we may safely assume that, judged from its quantitative aspect, normal 
milk secretion following pregnancy or pseudopregnancy is for all mammals 
overwhelmingly a property of the alveoli, and that duct secretion plays 
but an insignificant part in this process. 

The degree of lactation shown by experimental or normal parturient 
animals will consequently have particular reference to the lobule-alveolar 
development of the gland at the time of onset of lactation and, specific 
lactogenic factors apart, the process of milk secretion must be regarded 
as being basically a function of mammary development and, as such, 
largely dependent upon those hormonal mechanisms which we have 
already had under consideration. Here, however, our attention is 
directed to those supplementary hormonal influences responsible for the 
initiation and maintenance of secretion from an adequately formed 
mammary parenchyma. 

I. The Anterior Pituitary and Lactation 

A . GENERAL 

The tentative ideas formerly held regarding the control of secretion 
from the developed mammary gland were largely suggested by the 
temporal relationship (confusing in many respects as we now know it to 
have been) between the start of copious lactation and the various changes 
in the genital system attendant upon parturition. Lactation was seen 
as a passive process ensuing when the factors leading to the growth of the 
gland had completed their work, or alternatively it was thought that the 
growth mechanisms, which at that time were themselves only partly 
known, might, while operative, have an actual inhibitive effect on the 
processes of secretion. 

The demonstration by Strieker and Grüter (268) in 1928 of the 
ability of anterior pituitary preparations to initiate lactation in pseudo-
pregnant rabbits, whether normal or ovariectomized on the tenth day 
of their pseudopregnancy, immediately brought about a change in 
scientific opinion on this problem. It appeared that, in the presence of 
developed tissue, lactation could be evoked by a hitherto unsuspected 
pituitary factor. By inference it folloAved that the onset of lactation in 
the normal animal could no longer be visualized as the result of the 
smooth, uninstrumented transition of a growth phase into a secretory 
phase in alveoli which had reached a certain favorable stage of develop-
ment, or the removal of an inhibitory agent at parturition, but as due to 
the intervention at that time of a new stimulus having positive powers in 
its own right and without which the gland could not possibly function. 

The rabbit, for a variety of reasons, notably the ease with which 
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developed glands could be produced through pseudopregnancy and the 
dependence of alveolar growth upon the presence of functioning corpora 
lutea, has always been a popular animal for research on the biological 
properties of lactogenic extracts. Strieker and Grüter, in addition to 
the pioneer results already quoted, reported in the same paper that 
immature rabbits failed to secrete milk following the injection of aqueous 
anterior pituitary extracts and thus first pointed to the need for a mini-
mum morphological development before secretion could begin. This last 
result was at variance with work published by Corner (39), who reported 
both mammary growth and copious lactation following the injection of an 
alkaline extract of whole sheep pituitary into spayed virgin rabbits whose 
ovaries when removed contained no trace of luteal tissue. 

These conflicting results provided the background to a controversial 
side issue concerning the power of pituitary lactogenic extracts to evoke 
mammary growth. Gardner and Turner (99) for instance, stimulated 
milk secretion in the involuted rabbit gland frequently equal in amount to 
that obtained after parturition, but concluded that their extracts had no 
po\ver to cause an increase in the number of alveoli originally present 
in the involuted glands, the effect being one of restoration to activity of 
alveoli that had perhaps stopped secreting but had not regressed too far 
for renewed activity under suitable stimuli. In support of Corner's 
work, however, Lyons and Catchpole (161) and Asdell et al. (9) reported 
mammary development following the injection of pituitary extracts 
having lactogenic properties into spayed virgin rabbits. Photographs 
of whole mammary spreads in the former publication (Fig. 1) are of con-
siderable interest in this connection, and it is clear that the matter, still 
one of considerable contemporary interest, was at the time confused by 
the apparently conclusive evidence submitted by both parties to the 
dispute. 

The resolution of these differences may lie partly in the claim of 
Gardner et al. (98) that duct secretion is responsible for the milky fluids 
produced from undeveloped glands treated with suitable pituitary 
preparations, and that hyperplasia of the gland is more apparent than 
real, the effect being rather one of duct hypertrophy and distension of the 
gland with the newly formed secretion. It is doubtful, however, whether 
this single explanation w

T
ill suffice as a reinterpretation of the results of 

Lyons and Catchpole, and it seems more likely that these authors did in 
fact get a true mammary hyperplasia after administering their pituitary 
extract, but not only by virtue of any lactogenic principle or principles 
it may have contained; the presence of contaminating adrenocortico-
trophic hormone in the extracts may be deemed highly probable (157,188) 
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and the formation of a more highly developed mammary parenchyma 
may have resulted from-increased adrenal cortex activity (see Chapter 
X V ) . The separate identity of the lactogenic and adrenocorticotrophic 
principles has been established (157,188) and divergent results of different 
workers on the mammogenic properties of lactogenic preparations might 
be explained by the presence of the second principle in varying amounts 
in different extracts or, should their existence be established, the presence 
or absence of pituitary mammogens (see Chapter X V ) in different 
preparations. 

In view of these alternative explanations the question of how far the 
pituitary lactogenic extracts themselves possessed mammary-growth-
stimulating properties, by virtue of their lactogenic attributes, awaited 
the preparation of purer, and especially adrenocorticotrophin-free, 
extracts. This, and much other work beside on the hormonal control of 
lactation, was made possible by the extensive investigations of Riddle 
and co-workers (236,237), who, making use of the earlier discovery of 
Riddle and Braucher (238) that the pigeon crop gland was activated to 
growth and secretion by suitable anterior pituitary extracts, demon-
strated that the active principle of these extracts, to which they gave 
the name "prolactin," was also the factor causing milk secretion in the 
developed glands of mammals. That its identity was separate from the 
other knoAvn pituitary hormones was also established and preparations 
having a relatively high degree of purity were obtained. With the aid 
of such prolactin extracts Lyons (159), using his most elegant technique 
of intraduct injection, has recently claimed to have obtained definite 
evidence of localized hyperplastic changes in the alveoli of ovariectomized 
virgin rabbits pre treated with estrogen and progesterone. The reported 
changes include a great increase in the number of epithelial cells forming 
the circumference of the alveoli, and the presence of mitotic figures in 
their epithelia. Comparisons were made with control sectors from unin-
jected parts of the same glands (Fig. 2). The author further states that 
"when full lactation has set in the secretory cells have to be constantly 
renewed either in their entirety or—as is more usually the case—in their 
supra-nuclear cytoplasm only" and implies that such reconstitution 
may well be a growth function of the lactogenic hormone. The claim is 
made specifically by this author in a further publication (158) in which he 
suggests that the lactogenic principle " . . . initiates in the estrin or 
estrin-progestin-prepared mammary gland a functional alveolar growth 
leading to lactation." Although not phylogenetically homologous with 
the changes seen in the developing parenchyma of the mammalian gland, 
the pigeon-crop-stimulating reaction of the lactogenic hormone, to which 
we shall recur, is witness to its ability to promote tissue growth as a 



F I G . 1.—(a) Control rabbit mammary spreads, compared with (b) spreads from 

the same animals removed after injections of lactogenic hormone preparations had 

been given. (From Lyons and Catchpole, 161.) 

F I G . 2 . — T w o adjacent sectors of a mammary gland of an ovariectomized rabbit 

pretreated with estrone and progesterone and then given prolactin into the main duct 

(lower left) of the bot tom sector. This sector alone lactated ( X 3.7). (From Lyons, 1 5 9 . ) 
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preliminary to the lactational response, and it might prove to be the case 
that the actual cytological changes postulated by Lyons have features in 
common with this parallel response. 

Lyons' conception is one of the utmost importance, implying as it 
does the existence of hormonal control of cellular rejuvenation or renewal 
in the lactating gland, but confirmation and a more precise definition of 
the significance of the action will be needed before this function of the 
lactogenic hormone can be accepted without reserve. 

One other hormonal mechanism may be mentioned here as possibly 
affecting the lactation response by superimposing a growth effect on the 
gland. The luteotrophic hormone, Avhich has the property of maintaining 
corpora lutea in an active secretory condition (11) has been identified by 
many workers with the lactogenic hormone (see page 798); if this is so, 
and should the animal injected with the hormone be intact and have 
luteal tissue present in the ovary, the stimulation would result in a release 
of progesterone which might promote glandular development condition-
ing an improved lactational response. Reports dealing with this luteo-
trophic function of prolactin are more fully considered in a later 
section. 

Contrasting with the different views held on the growth-promoting 
potentiality of prolactin preparations there has been complete unanimity 
regarding their lactogenic powers, and for the rabbit, in addition to the 
reports already mentioned, Fredrikson (94) has observed milk secretion 
in spayed immature animals whose glands had been developed prior to 
the pituitary injections by treatment with estradiol monobenzoate and 
progesterone, while Anselmino et al. ( 5 ) have reported lactation in male 
rabbits given similar conditioning treatment. 

These investigations were extended to other species with similar 
results so far as the lactogenic properties of fresh pituitary implants or 
extracts were concerned. A study with the guinea pig as experimental 
subject was made by Nelson and collaborators (199,202), who initiated 
lactation in normal and castrate immature males and in spayed immature 
females all of which had been given preliminary treatment with an 
extract of sows' corpora lutea. This extract developed the mammary 
glands, primarily owing to its estrogen content, and it was reported that 
such development with ovarian hormones was a necessary prerequisite 
for the lactogenic response to pituitary injections. Such parenchymatous 
growth could equally well be given by ovarian transplants into males, 
either castrated or made experimentally cryptorchid. These authors 
found no evidence of any power on the part of the pituitary extracts they 
used to cause growth of the guinea pig gland, and their report (200) of 
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lactation in adult virgin animals gonadectomized during estrus, following 
the injection of pituitary extract alone, may be taken as a probable 
indication of a certain degree of normal mammary growth in the animals 
before experimental treatment was begun. Lyons and Catchpole (160), 
who obtained similar results with ovariectomized, mature virgin guinea 
pigs, also favored this explanation. 

The review of Nelson (193) and the bulletin of Gardner and Turner 
(100) may be consulted for references to the many parallel experiments 
carried out on other small mammals which substantiate the work on the 
rabbit and guinea pig. The latter publication draws special attention 
to the greater difficulty experienced by early workers in getting lactational 
responses from the rat. They themselves quote results illustrating this 
difficulty and conclude that differences observed between the rat and 
the rabbit may have their origin in more rapid and extensive involu-
tionary changes occurring in the former species. Thus, for instance, 
mature parous rats treated after weaning with pituitary preparations 
may, in the absence of additional treatment to maintain the morphologi-
cal elements of the gland, present a regressing parenchyma inadequate 
for a proper response to lactogenic preparations. A supplementary 
effect may be a smaller quantitative significance of duct secretion in the 
rat compared with other species. That no fundamental qualitative 
difference exists is demonstrated by the work of Schultze and Turner 
(249), who were able to induce lactation in the mature multiparous rat 
and in immature rats given pituitary implants, provided the ovaries of 
the host animals remained intact and the pituitary implants, supple-
mented by the animals own endogenous secretions, were sufficiently rich 
in gonadotrophic activity. 

It is now clear that the need for progesterone stimulation in order to 
obtain alveolar development in the rat was frequently an unappreciated 
complication in the earlier experiments, which, together with the other 
factors already mentioned, presented a problem in comparative lactation 
that was in reality largely a problem of comparative mammary develop-
ment. Reece (220) has suggested that the "refractoriness" of the mam-
mary glands of the pseudopregnant rat to prolactin may be due to the 
presence of some other essential hormone in insufficient amounts. The 
role of other glands in lactation will be considered later, but Reece's own 
experiments in which prolactin or prolactin plus adrenocortical hormone 
preparations were given to such animals cannot be regarded as providing 
results strongly in support of this theory. 

The effect of prolactin in primates has been more difficult to assess 
experimentally, but despite conflicting clinical reports it may be confi-
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dently assumed to be the same as in the small mammals already instanced. 
Allen et al. (4), for example, induced lactation in monkeys treated with 
estrogen and lactogenic preparations or with the latter alone, finding 
however that successful treatment was correlated with sexual maturity 
or, in other words, dependent in all probability upon some measure of 
alveolar development in the glands. With humans, experiment has 
been largely confined to attempts to increase a poor initial lactation 
following normal parturition, and in spite of the hazards of serious local 
reactions observed by some workers following injections (289) and some 
disappointing clinical reports (e.g. 266), there seems to be a hope of useful 
extended clinical application of the hormone in selected cases as soon as 
it becomes more readily available in the purified form. Kenny and King 
(144) using ox and sheep pituitary preparations have reported 74% posi-
tive responses—milk increments of over 100 ml. daily—in their treated 
group of 43 women, compared with 21% positive responses among the 
same number of controls treated by routine methods—breast pump, 
massage, extra milk rations, and so forth. These hopeful results have 
recently been confirmed by Winson (290) and were themselves a confirma-
tion of some earlier reports (e.g. 241). It would, however, be unwise to 
draw any premature conclusions from the very inadequate data already 
at hand, especially since the reports almost all deal with the problem of 
increasing a milk yield already established and, as will be shown later, 
there may be justifiable grounds for believing that this may depend on a 
phase of the hormonal pattern controlling lactation which presents subtle 
differences from that causing initiation of secretion from a nonsecreting 
gland; prolactin seems primarily concerned with the latter function. It 
seems likely, however, that in some cases of poorly established lactation a 
partial deficiency of prolactin will prove to be the correct diagnosis and 
injections with this hormone a successful therapy. 

Gradually, and for reasons which must be sufficiently obvious, studies 
on the biological effects of the lactogenic hormone have come to depend 
more and more on the use of dairy farm animals. The goat and the cow 
are ideal subjects for responses primarily to be measured by changes in 
milk yields, and they present the additional advantage that results 
obtained by their use have frequently a direct reference to actual practical 
problems of the dairy industry. 

Follo\ving the early application by Grüter and Strieker of anterior 
pituitary treatment to the cow (see below), Asdell reported the first 
results demonstrating the induction of lactation in a young female kid 
(7), and the arrest of the normal decline in the milk yields of parturient 
goats treated late in lactation (8). These cases, with repetitive experi-
ments in which it was found that a positive effect on the milk yield was 
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an uncertain response more likely to be obtained from animals giving 
low rather than high yields at the time of injection, and further work 
illustrating the related fact that little effect either on maximum daily 
yield or persistence of lactation was to be expected when animals were 
injected at the peak of their lactation, wTere all collected in a later memoir 
(9). The authors here supported the view that the effect at the peak of 
lactation was absent because the limiting factor at this point is normally 
one of mammary development, and that fruitful responses from anterior 
pituitary injections could only be expected when lactation was diminish-
ing, and then only in those animals for which the cause of the decline 
was a lessening of the secretion of prolactin to suboptimal levels. The 
latter effect they differentiated from the " . . . natural rate of decline 
due to the death or passing out of active service of the secretory cells." 

The pointed relationship between the yield at the time of treatment 
and the response, even in animals all in comparable declining midlacta-
tion, again suggested an inherent or conditioned variation in prolactin 
secretion and supported the claims put forwrard by Asdell and associates. 
Good yields from young virgin goats (58) after anterior pituitary injec-
tions are undoubtedly to be explained either by the presence before 
treatment of some degree of precocious mammary development—a com-
paratively frequent occurrence in this species—or by development 
resulting from gonadotrophic activity in the pituitary extracts used. 

De Fremery (95) and Trautmann and Kirchhof (277) have stressed 
the importance of some predevelopment of the gland before beginning 
treatment with lactogenic extracts if abundant secretion is to result. 
These authors separately obtained good yields from virgin goats whose 
udders were first developed by administration of estrogens or whole 
ovarian extracts. The first author believed that no milk could be 
obtained from such treated animals without further injections with 
prolactin preparations, and stated that " T o start a lactation period an 
artificial increase of the prolactin (lactogen) level in the blood is therefore 
of importance . . . a conclusion that, as we now know and as will be 
later explained, is only justifiable in a small proportion of cases. 

Parallel studies on the cow were introduced by Grüter and Strieker 
(120), who showed that, for cows already lactating, pituitary injections 
were able to increase the milk yields by very substantial amounts. 
Stockklausner and Daum (267), who gave nine injections of a pituitary 
preparation over a period of 43 days, confirmed these results using experi-
mental and control groups of ten cows in different stages of lactation 
ranging from the fourth to the eleventh month after calving. An applica-
tion of the treatment to heifers (32) was, as would of course be expected, 
less successful, but some milk was obtained, its amount apparently 
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bearing a relationship to the extent of udder development already present 
when treatment was begun. 

More extensive trials involving 510 experimental animals and 90 
controls were reported by Asimov and Krouze (10). Their animals 
were in various stages of lactation from the first to the twenty-first 
month after calving and were heterogeneous regarding breed, age, and 
breeding history. These differences were balanced by corresponding 
variations in the control group. The animals, experimental and control, 
were subdivided according to their original distribution in four milking 
sheds and the results, given as the total daily milk yield from these 
different subgroups, were expressed as a percentage of their corresponding 
daily yields during a preliminary period immediately preceding the 
experimental treatment. In each group increases of 20-30% were found 
after single injections of an alkaline extract of ox anterior pituitary 
tissue; the effect was transitory, disappearing usually after six or seven 
days, when the lactation curves again approached those of the control 
animals. Rather unexpectedly, in view of the reports of other workers, 
these authors obtained their greatest effects on milk yield in early lacta-
tion; their contention that crude anterior pituitary preparations were 
more effective than purified prolactin extracts is, however, in good accord 
with subsequent investigations (86,91) to be more fully appraised in a 
later section. 

Recent research on this problem of stimulating milk production in 
cattle has been largely confined to the work of Folley and Young, who 
have introduced certain new ideas, based on their experimental findings, 
which challenge the comparatively simple conception of the hypophyseal 
role in the control of milk secretion held previously by most workers. 
Their views involve the appreciation of two distinct concepts—lacto-
genesis and galactopoiesis—both thought necessary for a full evaluation 
of pituitary function in the phenomenon of lactation (88). By lacto-
genesis they signify the initiation of lactation in a formed but nonlactat-
ing gland, and deem this action to be mediated by the pituitary lactogenic 
hormone, probably in conjunction with other pituitary factors of which 
adrenocorticotrophin is almost certainly one and adrenal stimuli evoked 
by adrenocorticotrophin. By galactopoiesis they refer to the ability— 
shown by a complex of pituitary principles, one member of which may 
be prolactin, but not as yet definitively described—to increase or main-
tain an already existing milk yield. The distinction lies between the 
power to initiate and the power to perpetuate or augment. Since 
their conclusions gained support from work already carried out on hypo-
physectomized animals it will be advantageous, before considering their 
views in full, to enumerate the effects produced by hypophysectomy 
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upon lactation and the results of attempts at replacement therapy using 
lactogenic hormone preparations, either alone or in conjunction with 
other trophic pituitary extracts. 

B . HYPOPHYSECTOMY AND LACTATION 

The first report of direct significance in this field of inquiry was 
published by Allan and Wiles (3), who made the single observation that 
cats hypophysectomized in pregnancy made no attempt to suckle their 
kittens. McPhail (172) confirmed this and gave some evidence that, 
after young had been aborted, the dry glands of the hypophysectomized 
cat could be stimulated to give some secretion by the injection of anterior 
pituitary extracts. Further, McPhail reported two cases in which lacta-
tion had stopped following postparturient hypophysectomy. These 
results in their broad implications are typical of many reports on other 
species, and we may cite here papers by Selye et al. (254) and Newton 
and Richardson (204) on the mouse, by Pencharz and Long (209) and 
Selye and co-workers (255) dealing with the rat, by Nelson (192), Pen-
charz and Lyons (210), Macchiarulo (166), and Gomez and Turner (108) 
on the guinea pig, by Fredrikson (94) on the rabbit, by McPhail (171) on 
the ferret, and by Houssay (134) and Lyons et al. (162) on the dog. The 
collective research of these workers leads to the general conclusion that 
hypophysectomy, if carried out during pregnancy, will prevent lactation, or 
if performed after parturition will stop it; the effects being independent 
of the amount of mammary glandular tissue present. Further, it shows 
that the injection of suitable anterior pituitary extracts will permit, or 
restore, secretion in such operated animals. The qualifications meriting 
the epithet "suitable" were and are still in some doubt, as will be shown 
below. 

Granted the pre-eminent role of pituitary prolactin in the successful 
control of lactation, experiments in which hypophysectomy was employed 
did indicate the possibility that other mechanisms have a special signifi-
cance in the very earliest stages of lactation or even play a part in the 
normal maintenance of secretory function. Thus, Selye et al. (37,253, 
254) gave evidence both for the rat and the mouse that the pregnant 
uterus and its contents could also be a source of secretory stimuli, albeit 
of a very temporary nature, at the time of parturition; animals com-
pletely hypophysectomized during the second half of lactation were 
observed to secrete milky fluids for a few hours after normal delivery, but 
the factors conducive to this secretion were in no way an alternative to 
the pituitary stimuli needed for the normal onset and continuation of 
milk production. Newton and Richardson (204) have expressed the 
opinion that in the mouse the placenta can cause secretory activity 
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during the last week of pregnancy though the quantitative significance 
to its action might vary. Such a mechanism might well explain the 
presence of milk in the glands of mice, hypophysectomized midway 
through pregnancy and killed after a further seven or eight days, before 
littering. 

The successful use of anterior pituitary extracts for remedying the 
inhibitory effects on lactation caused by hypophysectomy was naturally 
attributed to the presence of prolactin, and it was tentatively assumed 
that this specific hormone alone could be held responsible for such remedial 
action. An account of experiments by Gomez and Turner (108) in 
which replacement therapy was attempted in female lactating guinea 
pigs hypophysectomized during the first week after delivery showed, 
however, that, whereas purified prolactin preparations were unable to 
maintain lactation, ground aqueous suspensions of whole sheep pituitary 
tissue were most successful in keeping the gland in active secretion. The 
first suspicion of a more complex pituitary control of lactation w

r
as thus 

aroused, and earlier results with intact animals, having an endogenous 
hormonal secretion superimposed on any exogenous application, were 
seen to have been possibly misleading in their first interpretation. 

The problem of finding the additional pituitary principle or principles 
necessary for full replacement therapy was carried a stage toward its 
solution by Nelson and Gaunt (195), who, first confirming the findings of 
Gomez and Turner, extended them in a series of experiments showing 
that lactation could be induced in immature male and female guinea pigs 
hypophysectomized at the end of a period of gland-developing estrogen 
treatment, provided that injection with prolactin was supplemented by 
the simultaneous administration of adrenocortical hormone extracts. 
Similarly this combined treatment caused lactation in hypophysectomized 
pregnant females which failed to respond to treatment with prolactin 
alone. Gomez and Turner (109) also demonstrated this active functional 
role of adrenocortical hormone preparations, and further showed (110) 
that injections of the adrenocorticotrophic hormone, prepared free from 
growth, gonadotrophic, and lactogenic factors, were equally effective 
when given in the same way—in conjunction with prolactin injections. 
It was made clear in the foregoing reports that the adrenocortical hor-
mone or adrenocorticotrophic preparations were unable to initiate or 
support lactation in hypophysectomized animals when given alone. An 
attempt (211) to induce lactation in rats hypophysectomized on the 
day preceding delivery, using similar methods, yielded results which, 
although partially successful, suggest that complete substitution therapy 
might be more difficult in this species. It should be noted here that 
Fredrikson (94) obtained results from hypophysectomized, pregnant, 
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lactating, and pseudopregnant rabbits which were not in complete 
agreement with reports on the insufficiency of prolactin to maintain 
milk secretion. His animals gave milk following injection of adreno-
corticotrophin-free pituitary lactogenic extracts. Possibly cortical 
hormone deficiencies are less speedily apparent in this species after hypo-
physectomy, though in one case milk was obtained even though the 
prolactin treatment was delayed until forty days after the operation. 

In explanation of all these results two theories could most readily be 
put foward; either the adrenal cortex has a direct functional role to 
play in the phenomenon of lactation, comparable with that postulated 
for prolactin, or its effect, as evinced in the hypophysectomized animal, 
is a concomitant of the more general metabolic disturbances, perhaps 
those of electrolyte and water balance, known to be associated with 
adrenal insufficiency, a view which gains some support from the success-
ful use of salt therapy in the induction of lactation in hypophysectomized 
guinea pigs treated solely with purified prolactin (196). A full discussion 
of adrenal involvement will be given in a later section, but here it may 
be pointed out that whether it proves to be direct or indirect in its action 
some cortical hormone, or possibly hormones, would appear to be essen-
tial for the initiation of milk secretion and may be deemed to have 
"lactogenic" properties. Folley and Young (89) in a discussion of the 
specificity or otherwise of the pituitary lactogenic principle state that 
"Since . . . adrenotrophin as well as prolactin is necessary for the 
initiation of lactation in the hypophysectomized guinea-pig, there 
appears to be no useful purpose in maintaining the theory of the existence 
of a single lactogenic hormone, prolactin." 

Emphasis has also been placed by some authors (see 112) on the 
important, if indirect, role played by those pituitary principles concerned 
in the regulation of carbohydrate levels in the blood. It is claimed that 
any adverse effects upon carbohydrate metabolism resulting from their 
abnormal functioning may well be accompanied by serious fluctuations 
in milk yield, since glucose is such an important precursor of milk lactose. 

It will be clear that there are fine-drawn distinctions between the 
lactogenic attributes of the various pituitary and other principles found 
necessary for the initiation of lactation in hypophysectomized animals. 
To enable normal milk secretion to start and to proceed is a property 
common to them all, yet this is achieved by a varying remoteness or 
indirectness of control, the nature of which can only be fully appreciated 
when the responses of the individual alveolar cell to hormonal stimuli 
are better understood. In the control of secretory powers of such 
immense quantitative importance, the regulation, for example, of opti-
mal cell membrane permeabilities or of gluconeogenesis such as may be 



758 S. J. FOLLEY AND F. H. MALPRESS 

conceived to reside in the lactogenically active adrenocortical hormone 
must be considered every whit as important—even though of wider 
general significance—as the more specific secretion that we suppose 
pituitary prolactin to be. 

C . FURTHER CONSIDERATION OF THE ROLE OF THE ANTERIOR PITUITARY 

IN LACTATION 

Reverting now to the experiments on intact farm animals carried out 
by Folley and Young (86) we may note that the major interest of their 
work in this field lies not in their confirmation of the work of Asimov and 
Krouze, already mentioned, regarding the augmenting effect of single 
injections of anterior pituitary extracts upon the milk yields of cows in 
declining lactation, but in their endeavor to correlate the galactopoietic 
activities of various extracts with their contents of different pituitary 
principles. Their investigation gave unexpected results, for it was found 
that the degree of stimulation did not parallel the pigeon-crop-gland-
stimulating (prolactin) activities of the extracts used, but rather was 
closely allied to their glycotropic—"antiinsulin" (291)—potencies (see 
Table I) . 

T A B L E I 

C O R R E L A T I O N O F G A L A C T O P O I E T I C A C T I V I T I E S O F V A R I O U S A N T E R I O R P I T U I T A R Y 

E X T R A C T S W I T H S O M E O F T H E I R O T H E R B I O L O G I C A L P R O P E R T I E S (86) 

Starting material Extract 

Pigeon-

crop-

gland 

stimu-

lating 

activity 

Galacto-

poietic 

activity 

(single 

injec-

tion) 

Glyco-

tropic 

activity 

Diabeto-

genic 

activity 

Thyro-

tropic 

activity 

Fresh ox anterior Crude saline 

lobe. extract + + + + + + + + + + + + + + + 
Prolactin- C + + + + + + 0 Trace 
Thyrotropic-C 0 + + + + + 

Commercial dried 

ox anterior lobe. Prolactin 1 + + 0?« + 0 0 
Thyrotropic 1 0 + + ? 0 + + 

β
 N o effect when a single injection was given. Substantial effect when daily 

injections of a large dose were given over a period. 

A later paper (87) reporting the use of two of the extracts, prolactin-
C and thyrotropic-C, respectively rich and poor in pigeon-crop-gland-
stimulating activity, to study the effects of repeated injections, showed 
similar results. Both extracts caused marked increases in the milk 
yields, though as for single injections the effects were transitory and 



XVI. HORMONAL CONTROL OF LACTATION 759 

disappeared quickly when injections ceased. In these experiments the 
preparation rich in pituitary lactogenic hormone—i.e., for our immediate 
reference, in pigeon crop gland activity—afforded the greater response, 
but this observation could also be correlated with the higher glycotropic 
activity of this extract. 

A still more complicated picture was presented by the results of a 
third study (88), in which a crude alkaline pituitary preparation, a 
prolactin preparation, and a glycotropic extract having a negligible 
prolactin content were injected on alternate days for a period of 22 days. 
Contrary to the authors' earlier belief, the increase in milk yield did not 
in these animals parallel the glycotropic potencies of the extracts and 
only a slight improvement was observed in the yields from animals 
receiving the glycotropic preparation. On the other hand, although the 
prolactin preparation did give an initial stimulus to milk secretion, the 
total effect during the injection period was only about one third that 
given by the crude pituitary extract, even though the prolactin unitage 
administered was roughly seven times as great. 

In view of this additional evidence on the need for postulating a more 
complex pituitary control of milk secretion, and bearing in mind the 
reiterated contention of Bergman et al. (20) that the pigeon crop-gland-
stimulating factor is identical with the pituitary hormone initiating 
lactation in intact mammals, where adequate complementary adrenal 
stimuli may be presumed, the authors, as we have already noted, sug-
gested that it might be desirable to distinguish between those substances 
responsible for initiating secretion and those which increase the yield 
from animals already lactating. Bergman and Turner (21) have sub-
sequently and independently put forward a similar suggestion, claiming 
that " . . . the anterior-pituitary secretes a number of hormones which 
individually and collectively have the ability to augment the lactation 
rate." They claim too that these hormones have no power to initiate 
lactation and believe that their galactopoietic action is due to an indirect 
and beneficial effect upon milk precursor levels. They differ from Folley 
and Young in attributing the initiation of secretion to prolactin alone, 
and they further believe this hormone capable of producing galacto-
poietic effects on its own account when its rate of secretion is otherwise 
suboptimal in relation to the existing precursor level. This postulate 
is not shared by Folley and Young, who reported the apparent destruc-
tion of galactopoietic powers by ethanol desiccation of pituitary material 
before its extraction (91)—a treatment known to be unharmful to 
prolactin itself. They state that " . . . prolactin in itself is probably 
not galactopoietic, though it may constitute one component of a galacto-
poietic complex." 
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Developing their work on the galactopoietic function of pituitary 
preparations, Folley and Young (91) obtained a sigmoid dose-response 
curve from cows following single injections of crude extracts of fresh ox 
anterior pituitary tissue, and increases of over 20% in the expected milk 
yields during the treatment period by injecting an amount of extract 
equivalent to 2.5 g. of the fresh gland, on alternate days for three weeks. 
It was also shown (62) that the galactopoietic effect was not exhibited at 
the peak of lactation, suggesting that at this period the galactopoietic 
hormone or hormone complex was not the limiting factor in milk produc-
tion, and that extracts of pituitary tissue from different species showed 
very different galactopoietic powers (78). No information was given 
on the relative prolactin contents of the latter extracts, but it could be 
stated in respect to these experiments too that the augmenting effect was 
not correlated with the variations in prolactin content which might 
normally be anticipated in the species concerned (34). 

Any attempted comprehensive account of the endocrinological control 
of milk secretion must necessarily be largely a matter of speculation at 
the present time, but it seems probable from the evidence we have at 
hand that the very complexity and multiplicity of the metabolic processes 
participating in normal milk production may call for an equally elaborate 
hormonal control. Although it is not the purpose of this review to con-
sider the biochemical aspects of lactation, for which reference may be 
made to recent accounts by Folley (67), Petersen (214), and Smith (259), 
it is necessary to emphasize that the mammary gland is the seat of many 
complicated syntheses and conversions, and that the plane of its bio-
chemical activity, which in turn may be one determinant of milk yield, 
will be largely dependent upon the precursor levels supplied to the gland 
by the blood stream. Thus agencies artificially lowering the blood sugar 
concentration have been shown to exert an adverse effect on milk yield 
(113,114), although the opposite effect of an increase in yield following 
an increase in the blood sugar concentration has not been conclusively 
demonstrated (25). We might therefore forecast that three distinct 
types of hormonal activity may play their part in determining the degree 
of lactation. One of these, subserved by prolactin, we may suppose to be 
specific for mammary parenchyma and incidentally the pigeon crop 
gland epithelium, while the others are connected with more general 
phenomena and provide special aspects of membrane and water balance 
control—whereby the efficiency with which the gland can utilize a con-
stant precursor concentration is maintained—and of the regulation of 
precursor concentrations, respectively. 

Any of these implicated hormonal mechanisms might thus prove a 
limiting factor at some stage of a lactation period, and possibly the rela-
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tive hormonal adequacies during lactation may vary with the species. 
For the cow it would seem that the factor which Folley and Young tenta-
tively identify with the pituitary glycotropic hormone is the one most fre-
quently present in suboptimal amounts, although, as has been observed, 
this is by no means always the case even in declining lactation. The 
special case of the lack of any galactopoietic response to pituitary injec-
tions at the peak of lactation during the first seven weeks after calving 
presumably reflects a state in which all participating hormones are in 
adequate supply for most animals and the limiting factor is the inevitable 
and ultimate one of mammary development. This view of multiple 
control and the conditioning of yields by individual limiting factors 
suggests further that to distinguish between those hormones able to 
initiate a lactation and those required for its maintenance may be arti-
ficial and unnecessary. The distinction is seen to be apparent rather 
than real, the two aspects requiring identical control, but presenting 
phases of the lactation cycle in which different hormones are entailed as 
the limiting factor. 

The mechanism involved in the galactopoietic activity brought about 
by glycotropic extracts of pituitary tissue has no obvious explanation 
on the basis of the known properties of this hormone, which does not, 
for instance, increase the arterial blood sugar concentration, and cannot 
therefore permit an explanation on the grounds of an increase in precursor 
concentration; but an interesting suggestion arises from work of Jensen 
and Grattan (140), who identify glycotropic and adrenocorticotrophic 
hormones and thus provide a link between this galactopoietic function in 
normal animals and the stimuli necessary for initiating the secretory 
processes of hypophysectomized animals. Grattan and Jensen have 
claimed (117) that glycotropic activity is only indirectly mediated by 
the pituitary, being in reality a property of certain adrenocortical hor-
mones—corticosterone, 17-hydroxycorticosterone, and 17-hydroxy-ll-
dehydrocorticosterone, but not desoxycorticosterone. This view is not, 
ho\vever, undisputed, and there remains a distinct possibility that the 
pituitary can elaborate a glycotropic hormone which acts independently 
of the adrenal glands (119,131,243). The implication of adrenocortical 
hormones in the problems of milk secretion will be further considered in 
the next section. 

II. The Adrenal Cortex and Lactation 

Climenko and McChesney (36) have recently claimed an increased 
lactation in pseudopregnant rats ovariectomized prior to treatment with 
prolactin when adrenaline or cortical extract injections supplemented 
the treatment. The augmentation with cortical extract appears to have 
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been rather dubious, however, and the results suggest that in these ani-
mals, with intact adrenal glands, the cortical hormone or hormones 
necessary for lactation were not limiting the response, or alternatively 
that the extract used was not rich in such principles. The response with 
prolactin and adrenaline, however, possibly provides an interesting 
demonstration of the importance of precursors in determining mammary 
activity, on the warrantable assumption that it was directly dependent 
on an induced hyperglycemia, though the ability of adrenaline to stimu-
late cortical activity (283) presents an alternative explanation. 

Less equivocal results as to the part played by the cortical hormones 
have been gained by experiments involving adrenalectomy. Carr (30) 
reported that rats adrenalectomized either one day before delivery or 
during the postpartum period when lactation was well established failed 
to maintain their litters and showed a premature drying-off of the mam-
mary glands at autopsy. The injection of a cortical extract to similarly 
operated rats failed to act as a satisfactory replacement therapy (31). 
This failure of adrenalectomized animals to lactate or to perpetuate an 
established lactation has been confirmed by Gaunt (102), Britton and 
Kline (27), and others for the rat, and by Nelson and Gaunt (196) for the 
guinea pig, but the failure of replacement therapy with cortical extracts 
has not been a uniform observation. Britton and Kline (27), for instance, 
were able to maintain the growth of litters suckled by adrenalectomized 
parturient rats given daily doses of whole adrenal extracts and Swingle 
and Pfiffner (270) claimed that adrenalectomized bitches given cortical 
extract would lactate normally after delivery. It should also be noted 
that Cowie and Folley (42) have reported that adrenalectomy in their 
rats has caused a variable degree of inhibition of lactation in a number of 
separate experiments; the extent of the lactational failure—as judged 
by the "litter growth index" (41)—having a marked negative correla-
tion with the intensity of lactation in members of simultaneously run 
control groups. 

This lack of agreement on the power of adrenocortical preparations 
to maintain lactation provided a background for the claim made by 
Brownell et al. (28) of having demonstrated the existence of a specific 
cortical hormone, distinct from the life-maintaining hormone itself, which 
could support lactation. To this substance they gave the name cortilac-
tin indicating that lactogenic activity previously ascribed to the life-main-
taining hormone was in fact due to this new substance. If the existence 
of such an adrenal lactogenic hormone could be established, it is clear 
that a less confusing picture of earlier work would become theoretically 
possible, based on the probability of variations in the cortilactin contents 
of extracts used by different workers. In a later paper Spoor et al. (264) 
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have further investigated the properties of cortilactin extracts, and claim 
that the active principle, like prolactin, will stimulate the pigeon crop 
gland, though since Gaunt and Tobin (106) have shown that the latter 
hormone cannot stimulate lactation in adrenalectomized rats the two 
substances are thought to be quite unlike. The authenticity of any 
adrenal hormone capable of stimulating the pigeon crop gland has been 
seriously called in question by Hurst et al. (136), and at present cortilactin 
must be regarded as a doubtful entity. 

The value of salt therapy in counteracting to some extent the lacta-
tional sequelae of adrenalectomy has been stressed by Gaunt and Tobin 
(106), who found that successful lactation occurred in rats adrenalec-
tomized before parturition and given either salt orally and cortical extract 
injections together, or large injections of the extract alone. The authors 
were inclined to believe that the inadequacy of extracts, frequently 
reported, was really due to the inadequacy of the restorative dosages 
given to facilitate the supranormal fluid and electrolyte exchanges 
entailed in milk secretion. An increased availability of salt on this theory 
may be supposed to have a sparing action on the amount of cortical hor-
mone required. The authors considered that their results offered no 
evidence in support of a second lactogenic hormone of the adrenal cortex, 
separate from the life-maintaining hormone; but on the other hand their 
work did not controvert such a view and the efficacy of large doses only 
of their extract, in excess of the amounts required to keep the rats alive 
and well, might be construed as the result of the presence of a specific 
lactation hormone contaminating in small amounts the life-maintaining 
principle. A confirmation of the importance of salt and water control 
in restoring lactation to adrenalectomized rats has been afforded by the 
histological study of Levenstein (151). Whereas salt therapy was seen 
to effect a large, but not complete, measure of repair of the mammary 
alveoli and preserved their function, water deprivation brought about 
changes in the normal lactating animal very similar to those seen in the 
glands of untreated adrenalectomized rats. Levenstein considered that 
the changes attending adrenalectomy were not of a magnitude which 
would indicate the loss of a hormone specifically regulating mammary 
function, and adduced in support of this view, and in favor of secretory 
failure as the result of water imbalance, the fact that secretory activity 
does not cease immediately after operation. In contrast to this result, 
Tobin (276) has concluded that salt therapy, although prolonging the 
survival of the adrenalectomized rats, has no effect on the survival of 
their litters, which, he found, died almost as quickly as the litters of 
operated rats given no treatment. 

It was clearly necessary, in order to gauge the relative importance, or 
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even to dogmatize on the existence, of salt effects and specific cortical 
lactation hormones in the processes of mammary secretion, that the 
research should be extended by the use, when they became available, of 
pure adrenal steroids in the place of the ill-defined extracts first employed. 
"Cortical activity" has become a vague term, relevant to many biological 
manifestations, and in view of the many different steroids isolated from 
the gland it may well prove that control by the adrenal cortex is the 
resultant of the activities of numerous hormones, each having its own 
precise function, contributory to the central concept of "cortical activ-
ity." It might be hoped that the study, with pure substances, of such 
a clear-cut deficiency symptom as the failure of lactation in the adrenalec-
tomized animal, would be of significance in research on the active steroid 
principles of the adrenal gland, as well as clarifying an aspect in the con-
trol of lactation hitherto very poorly understood. Such an investigation 
has a greater interest because of the claim, already noted (28), that a 
distinct adrenal lactogen—cortilactin—does exist. 

The first attempts to maintain secretion in adrenalectomized animals 
using pure adrenal steroids were made with desoxycorticosterone. 
Gaunt (103,104) found that lactation was not maintained in rats adrenal-
ectomized within 24 hours of delivery and given daily doses of 0.1 to 1.0 
mg. of this hormone, although the mothers were free from any obvious 
symptoms of adrenal deficiency, and gained weight during the experi-
ment. In a later communication using the same substance, Gaunt et al.. 
(105) obtained results so variable that mean values were of little signifi-
cance in judging the value of the treatment, some litters starving while 
others grew at a rate approaching that of normal animals in the same 
colony. The authors likened their capricious results to those found 
Avhen salt therapy is used and suggested that this particular steroid 
assisted lactation " . . . only insofar as lactation is improved by the 
maintenance of general well-being and health in the mother." Since the 
biological activity of desoxycorticosterone is bound up with sodium and 
chloride retention and potassium excretion, and not with carbohydrate 
metabolism, the analogy with salt therapy is probably apt and may 
deserve more extensive investigation. The anomalous results obtained 
with this hormone have been further complicated by the work of Folley 
and Cowie (70), who found that, although unable to support a normal 
lactation, as shown by the suboptimal growth rates of the litters of 
treated adrenalectomized rats, desoxycorticosterone provided a better 
replacement therapy than other adrenal steroids which they used, and 
gave a survival rate of the young on the twenty-first day after birth 
equal to 98%, compared with a 59% survival in the case of the young of 
adrenalectomized controls receiving no injections (Fig. 3). This work 
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has been confirmed and extended by these authors in a further paper 
(42) in which they have shown that the response to desoxycorticosterone 
is regularly related to the dose given, in any one experiment. In sepa-
rate experiments however with different groups of rats the response to a 
given dose may well vary widely; it is of particular interest to note that 
complete restoration of lactation was obtained in one of a number of 
groups given 3 mg. desoxycorticosterone acetate daily—a result which, 
as the authors remark, gives further grounds for disputing the existence 
of a specific lactogenic hormone of the adrenal cortex. 
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F I G . 3.—Effects of adrenalectomy and of replacement therapy with desoxycorti-

costerone acetate on the growth rates of the litters of rats operated on the fourth day 

after parturition. Curve I : control litters. Curve I I : litters of adrenalectomized 

rats given daily doses of 3 mg. desoxycorticosterone acetate from day of operation. 

Curve I I I : litters of adrenalectomized rats. Figures in brackets give percentage 

survival of young at twentieth day. (From Folley and Cowie, 7 0 and Cowie and 

Folley, 4 2 . ) 

Evidence on the role of adrenal steroids in lactation has also been 
gained from hypophysectomized guinea pigs, for which Nelson et al. 
(197) found desoxycorticosterone unable to replace cortical extract or 
adrenocorticotrophin in providing the adrenal stimulus, supplementary 
to prolactin, needed to ensure the successful initiation of milk secretion 
in such operated animals. It was claimed that, far from promoting 
lactation, this steroid had marked inhibiting powers, normal intact 
animals prepared for lactation by previous estrogen injections failing to 
lactate as they would normally do when the estrogen stimulus was with-
drawn, if desoxycorticosterone was given at this point; on stopping the 
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latter injections lactation began. If, too, the desoxycorticosterone 
injections were supplemented with prolactin injections the milk flow was 
not suppressed, suggesting that the mechanism of inhibition operated 
on the production or release of prolactin from the hypophysis, an action 
considered in greater detail in Section IV, A (page 773), where the inhibi-
tory properties of estrogens are discussed. We may, however, mention 
here the relevant study of Turner and Meites (280) showing that desoxy-
corticosterone has no effect on the prolactin content of guinea pig pitui-
taries. This inhibitory action of desoxycorticosterone on lactation in the 
guinea pig should be contrasted with the contrary reports on the absence 
of any inhibitory function of this substance on lactation in the rat (69), 
even when massive daily doses were given. 

The action of cortical extract or adrenocorticotrophin in assisting ini-
tiation of lactation by proclactin in hypophysectomized animals was, how-
ever, paralleled, though to a smaller extent, by a second purified adrenal 
hormone, 17-hydroxy-ll-dehydrocorticosterone (197) (compound Ε in 
Kendall's alphabetical designation). This substance had earlier (1.05) 
been reported to benefit the lactation responses of female rats, adrenalec-
tomized immediately after parturition, when daily doses of 1 mg. were 
administered, even to the extent of effecting a normal rate of growth in 
the suckling young up to the seventeenth day, at which time the survival 
was still 100%. The same compound was also found to assist to some 
extent the lactation of adrenalectomized rats by Folley and Cowie (70), 
but for their rats the beneficial effect was not as great as that afforded by 
de soxy c or t ic oster one. 

Finally a third adrenal steroid, 11-dehydrocorticosterone (compound 
A in Kendall's alphabetical designation), has been the subject of con-
flicting reports. Gaunt et ah (105) found that given to parturient 
adrenalectomized rats it allowed complete survival of litters up to the 
seventeenth day, though the weights of the young were slightly subnormal, 
while Folley and Cowie (70) reported definite deleterious effects on lacta-
tion as the result of replacement therapy with the same substance, 
adrenalectomized rats which received no treatment at all giving a better 
percentage survival of young at the twenty-first day, and having an 
apparently superior milk flow for most of the experimental period. The 
confirmation of their results with desoxycorticosterone in a later publica-
tion reporting different conditions of dosage and feeding has led Cowie 
and Folley (43) to the belief that, although the inhibition of lactation 
following adrenalectomy may not arise from the same primary cause in 
all cases, in their animals the customary partial breakdown of secretion 
could best be ascribed to interference with that mechanism—the elec-
trolyte metabolism—with which desoxycorticosterone is particularly 
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concerned. In this later work however these authors also observed 
slight beneficial effects on lactation following the injection of 11-dehy-
drocorticosterone in amounts smaller than they had previously used. 

The frequently confusing nature of the results attending the adminis-
tration of pure adrenal steroids to adrenalectomized animals suggests 
that, as with the problem of ovarian hormones and mammary growth, 
we are here dealing with a complex ordering of hormonal influences which 
vary in their relative importance, both between different species and, 
more surprisingly, between any two strains of the same species. So far 
any precise definition of adrenal involvement in lactation is beyond our 
power to give, but it seems probable that it is based upon the proper 
quantitative relationships between a constant number of adrenal prin-
ciples, and that variations in response, such as have transpired in the 
work already reported, owe their incidence to variations from those 
quantitative hormonal ratios, secreted by intact or required by adren-
alectomized females, which lead to optimal secretion in different individ-
uals or species. The full unravelling of the adrenocortical role is 
of course greatly complicated by the further probability that the active 
hormones owe their influence to general effects on carbohydrate metabo-
lism or body tissues as a whole and not to any specific effects on mammary 
tissue in particular; for no evidence has yet appeared other than that 
given by Hartman and colleagues (28,264) to suggest the existence of a 
specific adrenal lactation hormone. In their very uncertainty, those 
results already reported in which pure adrenal steroids have been used 
argue against any such powers for the substances investigated; rather, 
they appear to have their explanation in differential species and strain 
resistances to the interference with such systemic phenomena as elec-
trolyte and water balance or to carbohydrate metabolism, which is 
inevitably involved in adrenalectomy experiments. Replacement ther-
apy on these considerations becomes a problem of rectifying these primary 
inadequacies, and varies in its success as the derangements vary in their 
relative, as well as their absolute, severities. 

III. The Thyroid and Lactation 

Reference may be made to other reviews (e.g., 217) for a survey of the 
many early, though rather sporadic, observations dealing with the 
thyroid gland and lactation. Here it will be convenient to instance, as 
with a fair accuracy epitomizing these findings, the work of Graham 
(115). This author, testing the effects of both thyroidectomy and 
thyroid feeding on the milk yield of cows summarized his results as 
follows: thyroidectomy had little or no significant effect on milk produc-
tion—so far as yield was concerned—for, although there was a definite 
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decrease following the operation, a similar fall was noted in control 
animals subjected to sham operations only. The addition of desiccated 
thyroid to the diets of normal or thyroidectomized cows, provided it was 
given in declining lactation and was not excessive in amount, caused 
definite increases in the yield. His conclusion that any effect of the 
thyroids on milk secretion was dependent upon concomitant effects on 
the metabolic rates of the experimental animals, and not concerned with 
the basic hormonal control of lactation per se, has been endorsed and 
elaborated by later Avorkers. 

Since Graham's report \vas published the effect of thyroidectomy 
upon lactation, particularly as observed in the rat, has been the subject 
of much contention. Nelson and Tobin (203) found that rats thyroidec-
tomized both during and prior to the onset of pregnancy suckled their 
litters normally, as evidenced by the equality of the growth rates of their 
young with those of litters of unoperated rats. Similar results were 
also obtained with guinea pigs. It was furthermore noted that the 
spontaneous lactation which occurs in guinea pigs on removal of a 
steadily maintained estrogen stimulus was not prevented by thyroidec-
tomy, and that lactation could not be initiated, nor, where it had already 
started, could it be maintained, in hypophysectomized guinea pigs by 
injections of prolactin supplemented by desiccated thyroid given orally. 
The latter result, which had been previously demonstrated and reported 
with other cognate observations by Gomez and Turner (111), offers a 
contrast to the successful lactation promoted under similar experimental 
conditions by treatment with prolactin and cortical extract, which has 
already been discussed. The report as a whole indicated that the thyroid 
gland was not to be regarded essential for the processes of lactation, even 
though the possibility of its being able to condition the quantitative plane 
of secretion under certain conditions could not be prejudged. Some of 
these experimental results were contested by Folley (66) with very clear 
demonstrations that lactation was subnormal in his rats, whether they 
were operated before or after parturition. Even unilateral thyroidec-
tomy, he found, caused an inferior growth rate in the litters of rats so 
treated, and incidentally, in his experience, thyroxine did not provide an 
adequate replacement therapy. It might transpire, however, that the 
daily thyroxine doses given in his experiments (100 Mg. ) were too great, 
Rowlands (242) having restored normal body growth in thyroidectomized 
immature rats with doses of a much smaller order (2.5 M g . ) . The sub-
sequent claim by Nelson (194) to have confirmed the findings of Nelson 
and Tobin on the normal growth rates of litters from thyroidectomized 
rats, the results of Preheim (216) in which only a slight decrease in milk 
secretion amounting to about 12% of the total normal supply was judged 
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to have followed thyroidectomy, and results presented by Karnofsky 
(143), substantially in agreement with the wrork of Folley (66), made the 
whole problem assume a formidable complexity. 

A clue to the variable factor underlying this lack of agreement is 
given by the report of Folley et al. (79) on the role of the parathyroid 
glands in lactation. It should be understood that thyroidectomy in the 
rat inevitably involves the removal of all the parathyroid glands as well— 
though possibly some small traces of accessory tissue may be left in other 
sites—and, although in his earlier work on the thyroidectomized rat 
Folley (66) had found no alleviation of the inhibitory effect upon lacta-
tion when parathormone had been administered, the Avork was now 
repeated—with confirmatory results so far as the disastrous effect of 
thyroidectomy upon lactation was concerned—and partially successful 
substitution therapy was achieved by the use of autoplastic thyroid 
grafts which subsequent histological examination showed to contain 
parathyroid tissue. Parathormone injections given to the rats after 
operation, in amounts much greater than had been used in the earlier 
experiment, also provided a definite, albeit incomplete, therapy. Sur-
prisingly perhaps, this action could not be enhanced by the simultaneous 
administration of thyroxine but again it seems likely that the thyroxine 
doses used were too high. An examination of the tracheae, esophagi, and 
the surrounding muscular tissues of 29 thyroidectomized animals used 
in this study showed that five had unexcised accessory parathyroid tissue, 
and since this was so the possibility arose that the variations encountered 
in the results of different groups of workers might be due—in the light 
now thrown on the potential influence of the parathyroid gland on milk 
secretion—to variable amounts of this tissue left in situ in the operated 
animals. Different operational techniques or the use of different strains 
of rat might well serve to make such an explanation justifiable, though 
of itself it will not of course reconcile the divergent views completely, 
for parathyroid therapy never promoted full, normal milk secretion. 
Whether the failure to do this is to be attributed to the use of suboptimal 
or supraoptimal amounts of parathormone or to some other factor, such 
as the need for some measure of thyroid therapy as well, cannot as yet 
be stated; Karnofsky (143), for instance, has drawn attention to the 
importance of a satisfactory nutritional state in enabling thyroidec-
tomized rats to suckle their young, while effects of the operation upon 
the qualitative composition of the milk itself are to be discussed in a later 
section. Incidentally it may be observed here that, although our evi-
dence on the role of the parathyroid gland in lactation is very scant 
indeed, there have been indications from other sources suggesting its 
participation in this process (29,35), and recently the first unequivocal 
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report on the effect of simple parathyroidectomy on lactation in the rat 
has been published by Cowie and Folley (40). Five of six rats so treated 
showed a marked decline in lactation—as judged by the growth rates and 
survival of their litters—while the sixth was unaffected and, in the 
absence of any more plausible explanation, may be assumed to have had 
more abundant accessory parathyroid tissue. The inhibition of lacta-
tion in the five affected rats was almost as severe as that found in com-
parable thyro- parathyroidectomized animals. 

A recent report on the effects of thyroidectomy upon lactation in the 
bovine (263) has indicated that the operation causes a big reduction in 
total milk yield, which could be counteracted by oral administration of 
fresh thyroid tissue. The absence of any control sham-operated animals 
in this experiment necessarily detracts from its significance in view of 
the earlier observations of Graham (115). 

A far greater measure of unanimity has been realized concerning the 
effect of giving thyroid preparations to normal lactating animals, and a 
great deal of experimental work now testifies to the stimulating action of 
these substances on milk yield. That the action is almost certainly due 
to the thyroid hormone, thyroxine, was first demonstrated by Graham 
(116), who found substantial increases in yield when this hormone was 
given to cows in declining lactation. His results were confirmed by Jack 
and Bechdel (139), Folley and White (85), Herman et al (129), Hurst 
et al (137), Smith and Dastur (260), and Ralston et al (217), the last-
named authors reproducing these results for the goat as well as for the 
cow. As an example of the measure of the responses obtained we may 
quote the result of daily injections of 10 mg. of thyroxine for fifteen con-
secutive days which, Folley and W'hite (85) found, raised the total 
aggregate yield from four animals, treated during declining lactation, 
over the last seven days of their injection period 28% above the amount 
which might have been expected had not treatment been given (Fig. 4). 

Such results clearly were full of promise for the dairy industry and, 
in an attempt to overcome the difficulties presented by the hopelessly 
inadequate available quantities and the expense of naturally occurring 
biologically active material, or of synthetic thyroxine, recourse was 
made to the use of iodinated proteins—particularly iodocasein—which 
can be prepared cheaply in plentiful supply and show in varying degrees, 
by the oral route, the physiological properties associated with the thyroid 
hormone. Reineke and Turner (234), Blaxter (22-24), van Landingham 
et al (148), and Reece (225) have separately demonstrated the stimula-
tory effects of such active proteins upon milk production. For the bear-
ing these investigations may have on practical problems of the dairy 
industry and for an estimate of the advantages and hazards which may 
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be involved in any large-scale and protracted use of this thyrogalacto-
poietic treatment the reader is referred to the extensive studies of Blaxter 
already quoted. One or two points, however, are of immediate relevance 
in connection with our own discussion of the place of the thyroid gland 
in the complex control of lactation. 

The general consensus among those who have been working on this 
problem suggests that the degree of stimulation, Avhether by thyroid 
feeding, thyroxine injection, or iodinated protein administration, is sub-
ject to wide individual variation and, although this fact alone cannot 
account for all the differences observed, it stands in some relation to the 
stage of lactation at which treatment is begun. A greater effect is seen 
in declining lactation than at the peak or end of milk production. Insofar 
as the first two of these phases are concerned Blaxter (22) has expressed 
succinctly the view that the effects indicate " . . . a lo\ver state of 
functional activity per unit of active mammary tissue during late lacta-
tion, and a larger amount of active mammary tissue in a higher state of 
functional activity in early lactation . . . " Thus, although some other 
reasoning will have to be adduced to explain the refractoriness of cows 
treated when approaching the end of their normal lactation period, the 
mechanism behind thyroid involvement in lactation is still believed 
primarily to be simply one expression of its general systemic influence on 
metabolic rates. The production of a more quickly circulating blood 
stream, a richer supply of milk precursors to the gland, and a heightened 
metabolic activity of the alveolar cells themselves are the most likely 
properties we can assign this hormone in its relation to milk secretion. 
As lactation declines, the plane of thyroid activity—as evidenced by 
other criteria—remains constant, and at no stage in the normal animal 
can an augmented yield be obtained by thyroid treatment without 
increasing to supranormal levels of activity other body functions such as 
respiration and the circulation of the blood. The possibility of regard-
ing the thyroid, therefore, as maintaining a level of activity for the 
mammary gland which, even in the presence of a superabundance of all 
the other lactogenic and galactopoietic hormones, shall limit its function-
ing to a degree commensurate with the normal metabolic rates of other 
essential organs is attractive and harmonizes with the facts we have. 
On this supposition thyroxine of course would never become a limiting 
factor in lactation in the normal animal, but is visualized as standing as 
the guardian of bodily resources so that they should not be expended by 
the additional, intrusive claims of milk production at a rate detrimental 
to the well-being of the organism as a whole. In contrast to the galacto-
poietic powers of pituitary extracts which might be regarded as a genuine 
resuscitation of WEANING mammary activity, the propensity of thyroxine 
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to stimulate milk secretion could perhaps be most faithfully represented 
as a fevered whipping of the whole organism into hyperactivity in the 
cause of benefiting one of its parts: an over-all participation to produce a 
very local gain. 

The dependence of thyroid activity upon thyrotrophin secretion 
makes a knowledge of the variations undergone by this pituitary hormone 
during lactation of some interest. Reece and Turner (232) have reported 
a higher pituitary content in beef as opposed to dairy cows, and Turner 
and Cupps (279) have presented evidence that in the rat pituitary thyro-
trophin activity is higher during lactation than during pregnancy or the 
growth phase of the life cycle. The absence of any lactogenic effect in 
pituitary extracts which could be ascribed confidently to their thyro-
trophin contents was apparent from the work of Folley and Young 
already quoted (86), and unless new and contradictory evidence is 
brought forward we may assume that thyrotrophin is of importance in 
lactation only to the extent to which its influence gives rise to fluctuations 
in thyroxin secretion. One anomalous report in which lactation in the 
guinea pig was diminished by thyrotrophin should be noted (121). 

IV. The Ovarian Hormones and Lactation 

A. INDUCTION AND INHIBITION 

Recurrent reference has been made to the lactation induced in guinea 
pigs by the removal of an estrogenic mammary growth stimulus, an 
effect which obviously suggests that estrogens should be regarded as 
exerting a suppressive action, preventing the onset of lactation in this 
species. Much evidence has accumulated from other, and quite distinct 
experiments, reinforcing this view, and, although the effect of estrogens 
cannot be summarized in quite such simple terms, as will be shown, it is 
now generally conceded that one of the major effects of this group of 
hormones, whether naturally occurring or synthetic, can be a powerful 
inhibition of established lactation. It would seem a logical step from 
this to the further conclusions that the initiation of milk secretion is also 
prevented during the gestation period by the high estrogen concentration 
known to be present in the body at this time, and that the sudden drop 
in the estrogen titer is sufficient to explain the rapid increase of secretion 
at parturition; such actions would clearly^have a close resemblance to the 
estrogen administration and estrogen deprivation effects in the guinea 
pig which we have already mentioned, and which, in fact, formed the 
basic tenets of what we may call the estrogen-inhibition theory of lacta-
tion propounded by Nelson (193) to explain the sudden onset of copious 
lactation in parturient animals. Nelson conceived the estrogens as 



774 S. J. FOLLEY A N D F. H . MALPRESS 

exerting their influence both by acting directly on the mammary gland 
itself, and by suppressing the secretion or release of prolactin. How-
ever, certain other chains of evidence do not accord well with the view 
that estrogens, by themselves, hold the balance of secretion or nonsecre-
tion in the developed gland, and counter-theories have been proposed 
which give them a less prominent place in this control. 

The reports of Parkes and Bellerby (207) and of de Jongh (141,142) 
showing that estrogen injections could inhibit lactation in parturient 
mice or rats, and a similar report by Smith and Smith (258) dealing with 
the rabbit, were the forerunners of numerous other papers presenting 
closely agreeing results. Both Robson (239), using natural estrogens, 
and Noble (205), using diethylstilbestrol, demonstrated a dose-response 
relationship for the inhibitory effect, and showed also that if the injec-
tions were withheld lactation recommenced, indicating that within the 
limits imposed by their own experimental procedures no permanent 
damage was done to the secretory parenchyma. This dependence of 
response upon the estrogen concentration—presumably the estrogen 
concentration in the blood would provide the most relevant figure— 
might explain the results of Folley and Kon (73) and Edelmann and 
Gaunt (53), who found the inhibition of lactation to be greater in the 
intact rat given estrogen injections than in the ovariectomized doe 
similarly treated. Anselmino and Hoffmann (6) had earlier found no 
decrease in the growth rates of litters suckled by their injected ovariec-
tomized rats and sought to explain this by reference to the well-known 
action of estrogens in promoting secretion of the pituitary luteinizing 
hormone and so corpus luteum formation, suggesting that a product of 
this ovarian structure, not identified necessarily with progesterone, 
might be held responsible for the inhibitory effects in intact animals, 
rather than estrogen. Since the other authors quoted got definite 
depression of secretion in ovariectomized rats, however, while Robson 
(239) and de Jongh (141) have reported complete suppression of lactation 
in ovariectomized mice, the theory seems quite inadequate, and as an 
alternative one might reasonably assume that in an intact animal the 
estrogen concentration, being derived from both endogenous and exoge-
nous sources might, at any rate at the start of the injection period, be 
greater than that present in an ovariectomized but otherwise comparably 
treated animal, and that the differential effect observed could be due 
simply to differences in the concentration of this hormone. Results 
quoted for the rat at the end of a paper by Walker and Stanley (285) are 
of interest in this connection. It would seem likely that species differ-
ences might exist dependent upon two species-variable factors: the 
estrogen threshold for inhibitive effects, and the extragonadal estrogen 
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formation in the body. The work of Folley and Kon (72) and of Folley 
(69), in which very large injections of progesterone were given to lactating 
rats without affecting their lactation, is of interest in this connection, but 
the results do not preclude the possibility that this hormone, although 
unable to inhibit lactation by itself, might have this power when in com-
bination with some optimal concentration of estrogen. 

The interesting generalization, suggested by Folley and Kon (73) and 
further expounded by Folley (68), that power to inhibit lactation may 
be a property of substances able to cause mammary growth, particularly 
of the ducts, has perhaps not received the detailed investigation it 
deserves. The species variations encountered in work on both these 
problems might, if reinvestigated under conditions eliminating other 
variables, show correlations of far-reaching significance. We may 
instance testosterone, itself both a mammary growth stimulator and 
lactation inhibitor as many reports coming from fundamental research 
and clinical experience confirm (e.g., 19,52,53,73,135,146,240), and 
androsterone, a substance unable to affect either mammary growth or 
lactation (73,240) as adding to the credibility of Folley and Kon's general 
thesis. 

Weichert and Kerrigan (288) have expressed the opinion that the 
young of estrogen-treated rats do not grow at a reduced rate because of 
failure of the mother's milk supply, but rather because the mother's 
solicitude for her young wanes and her maternal care becomes sporadic 
and dilatory. Inadequate nutrition follows "a lack of opportunity to 
suckle rather than failure of the mammary glands to secrete." The 
authors based their argument on the presence of abundant secretion in 
the glands of treated rats whose litters were growing subnormally. This 
explanation has enhanced interest in view of the demonstration by 
Bacsich and Folley (13) that in estrogen-treated lactating rats, even 
when no suckling has taken place for some days because of the death of 
the young from inanition, the mammae show no signs of involution; the 
authors state " . . . there was relatively little disintegration of the 
alveoli. Some acini were distended with coagulated secretion . . . " 

The inhibition of lactation by estrogens has been confirmed for the 
cow (65,287), while numerous clinical reports have testified to a similar 
action in the human (e.g., 14,92,189,218,286), where of course it is espe-
cially valuable as a method readily enabling the clinician to suppress 
secretion when for some reason breast feeding is not required or is undesir-
able. Reports denying the power of estrogen, in this particular case 
diethylstilbestrol, to prevent lactation or to affect an established lacta-
tion, have been published by Abarbanel and Goodfriend (1) and Abar-
banel and Klein (2), who attribute the inhibition noted by other workers 
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to the absence of the suckling stimulus, but in the light of so much con-
tradictory evidence it is clear that these reports must be regarded with 
some scepticism, and the results themselves as atypical. Even though 
cessation of suckling almost certainly is a contributory factor, it seems a 
matter of general clinical experience that inhibition by this means alone 
has nothing of the dramatic suddenness normally associated with estrogen 
treatment. The authors' view that estrogens prevent painful engorge-
ment of the breast by overcoming vascular and lymph stasis may well be 
true, but it would seem probable that any relief so conferred would owe 
something to a similar action upon the flow of milk in the ducts. 

That estrogens in addition to their well-attested inhibitory function 
should also under slightly different conditions—primarily A v e believe 
associated with dosage—be able to initiate milk secretion in nonlactating 
animals undoubtedly provides one of the most paradoxical problems 
that our subject presents. The evidence for this derives almost entirely 
from experiments on farm animals where any significant changes follow-
ing treatment may be directly measured and are of a quantitative charac-
ter precluding doubt; sporadic references to a similar phenomenon 
occurring in small laboratory mammals have been made hoAvever (93, 
153,223). Λ paper by Laqueur (149) deals with a comparable lacto-
genesis in virgin rats treated with testosterone propionate. 

It has already been observed that lactation can be induced in goats 
by dual treatment with estrogen as an agent of mammary growth, and 
prolactin as a spécifie for secretion (95,277). The first conclusive demon-
stration of copious lactation as the result of estrogen treatment alone 
was given later when Folley et al. (80), inuncting the udders of virgin 
goats daily with an ointment containing 1% diethylstilbestrol dipro-
pionate, caused a flow of milk which at its maximum reached 1500 ml. 
daily for one of the animals. These results were independently confirmed 
by Lewis and Turner (152), who induced lactation in kids and nonpreg-
nant goatlings following subcutaneous injection of diethylstilbestrol, but 
also found that similar treatment given to lactating goats was, on the 
contrary, attended by a fall in yield. The results of Folley et al. (80) 
were fully recorded and extended in a second paper (83) in which the 
lactogenic action of estrogens was explained in terms of a stimulated 
output of prolactin in response to amounts of estrogen too small to cause 
inhibition. The importance of dosage was clearly shown in a paper by 
Mixner et al. (186) in which it was reported that while 0.25 mg. diethyl-
stilbestrol given daily by injection promoted lactation in nonparous 
goats, amounts of 1 mg. or more were inhibitory to animals already 
lactating. 

Parallel studies on cattle were first reported in 1940 and 1941 by 
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Walker and Stanley (284,285), who obtained very promising yields from 
two heifers, one gonadectomized and the other physiologically sterile, 
following repeated injections of diethylstilbestrol dipropionate either 
alone or in conjunction with testosterone propionate. As in the case of 
the goat it was noticed that if the estrogen titer rose beyond a certain 
point inhibitory effects set in and the yield fell. An independent account 
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F I G . 5.—Typical bovine lactation curves following treatment with synthetic 
estrogens b y tablet implantation. Abscissa: time in weeks from start of treatment. 
Ordinate: yield in lb. given as mean values over fortnightly periods. Treatment 
stopped at arrows. 

of a less successful attempt to induce lactation in heifers by inunction of 
the udder region with 1 % diethylstilbestrol ointment was also reported 
at this time by Folley et al. (81), who, although only obtaining yields of 
the meager order of 100 ml. daily, commented on the occurrence of 
regular fluctuations in yield correlated with the different stages of the 
estrous cycle. These pioneer results on the artificial induction of lacta-
tion in dry, nonpregnant cattle by synthetic estrogens have since been 
very amply confirmed by workers using a variety of techniques for admin-
istering the estrogen: single (208) or continued (224) injections of ester 
forms, subcutaneous implantation of tablets (74,84,127), and oral 
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administration (75) have been used, and in varying measure have shown 
themselves capable of promoting daily and total yields of the same order 
as those of normal lactation, and therefore of very great interest to the 
dairy industry (Fig. 5). The original papers and one or two later, and 
for the most part purely supplementary, reports (49,265) should be con-
sulted for an appraisal of the relative merits of these various procedures 
from the practical point of view. Regarded as experiments having a 
bearing on our knowledge of the hormonal control of lactation they may 
safely be treated as a group, and there can be no doubt that each indi-
vidual case, whatever the mode of treatment, gave or failed to give a 
successful response according to the degree in which the estrogen treat-
ment elicited or failed to elicit certain endogenous hormonal stimuli pro-
viding a mechanism of lactogenesis common to them all. It is by no 
means certain what hormonal mechanisms the induction of lactation by 
estrogens does involve, but certain general observations stand out 
prominently from the foregoing work which must very clearly affect any 
interpretation we may attempt to give, while the work as a whole has 
undeniable significance for any consideration of the hormonal forces 
operating to initiate lactation in the normal parturient animal. Defer-
ring for a moment a consideration of this last problem, we may summarize 
the pertinent points arising from the work on artificially induced lactation 
as follows: 

First, remembering the power of estrogens to inhibit as well as to 
promote secretion, comes the question of dosage. It would seem a fair 
assessment of the work on this subject to postulate two distinct threshold 
values for estrogenic effects, a lower one, below which no changes except 
possibly some slight mammary development are observed, but above 
which lactation may be actively promoted pari passu with glandular 
development, and a higher one, above which lactation is inhibited and, 
conceivably, mammary growth too is affected adversely (see Chapter 
X V ) . This theory implies a range of estrogen concentration, derivable 
from endogenous or exogenous sources and lying between the two thresh-
old values, which might usefully serve to promote the secretion of milk 
from existing glandular tissue; it constitutes an extension, for a particular 
case, of the more general theory proposed by Folley (68). Folley and 
Malpress (74) published estrogen absorption figures for bovines implanted 
with estrogen tablets from which they concluded that a daily absorption 
of 12 mg. was an amount which might be expected to give good lactogenic 
responses in this species; on the other hand an inspection of their figures 
indicates a very wide range of daily absorptions (3.7 to 23.9 mg.) which, 
acting over comparable periods, evoked very substantial lactations, 
while yet again absorptions falling well within this range resulted in 
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negligible yields. A similar picture of great variations in response to 
estrogen doses of comparable size and duration can be gained from a study 
of the other papers on this subject already quoted. 

This individual variation forms the second major indication arising 
from the work on artificial lactation which has a bearing on fundamental 
theory. We may well suppose it to be due, according to the views 
already put forward, to differences in the threshold values for inhibitive 
and lactogenic effects among animals of the same species, differences which 

1 2 3 4 

F I G . 6.—Diagrammatic representation of the "double threshold" theory of 
estrogen activity in lactation, indicating how different responses might be obtained 
from animals having the same systemic estrogen concentration. Ordinates: systemic 
estrogen concentration; AB, range of estrogen inactivity; BC, range of estrogen 
lactogenic activity; C D , range of estrogen inhibitory activity. X X 1 X 2 X 3 systemic 
estrogen concentration curve following estrogen injections at arrows. 

quite obviously might produce abnormally large or abnormally small 
interthreshold ranges depending on the sense and degree in which the 
thresholds themselves differ from mean values (see Fig. 6, Nos. 1-6). 
Such intraspecies variations might no doubt be reproduced, and to a 
greater extent, in comparisons made among different species, since the 
prolactational estrogen range might theoretically be very wide in-
deed (Fig. 6, No. 3), in which case inhibition with physiological doses 
of estrogen would prove difficult, or at the other extreme be nonexistent 
(Fig. 6, No. 4), in which case the inhibitive threshold would be judged 
to have fallen below a purely hypothetical and unrealizable stimulatory 
value. 

The third widespread observation of importance in these experiments 
was the sudden jump in yield which often followed the cessation of 
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exogenous estrogen supply. This suggests that, even when lactation 
is satisfactorily induced, the estrogen titer may eventually become too 
big and pass to the inhibitive range, unless suitable remissions of dose 
are periodically introduced. 

Granted the correctness of our postulates, the artificial induction of 
lactation by estrogens can now be visualized as a problem primarily of 
maintaining the estrogen concentration in the blood, or the body as a 
whole, within certain defined limits, \vhich undoubtedly vary among 
animals and may vary for any one animal as its lactation proceeds or 
other physiological factors exert an influence. The ability of dairy 
animals, for instance, to continue lactating even though a new pregnancy 
intervenes is perhaps an example in which a greater tolerance for estro-
gen exists due to the raising of the inhibition threshold under special 
circumstances. 

B . T H E INITIATION OF LACTATION 

Some mention has already been made of Nelson's theory ascribing 
the suppression of lactation during pregnancy and its onset at parturition 
to, respectively, the high and rapidly falling estrogen titers present in the 
body at these times and to the differential effects of high and low estrogen 
titers on the secretion of prolactin. The evidence adduced in favor of 
these views was extensively reviewed by Nelson in a series of publications 
(190,191,193), and it will suffice to say here that the theory commanded 
respect for the neat way in which it made use of the two separate experi-
mental findings—the inhibitory powers of estrogens and the lactogenic 
properties of pituitary extracts—and sought to weld them into a con-
structive, albeit tentative, relationship explaining lactogenesis at parturi-
tion. The theory, however, requires a reassessment before it can be 
accepted as having validity at the present time, for it has been the 
subject of much criticism, and two of the major premises upon which it 
was built have been damagingly challenged. 

To take the less serious criticism first, we now know that estrogens 
are not purely inhibitory with regard to lactogenesis. It would seem, 
however, that provided the theory is combined with the supplementary 
conception of threshold values outlined above it will still explain the 
remarkable lactational changes at parturition in as simple and plausible 
a manner as any hypothesis yet put forward. In fact the theory gains, 
if anything, in the light of this recent evidence, since we may now assume 
that in passing at parturition from a high-concentration, inhibitory 
phase, the falling estrogen titers reach an actively lactogenic range in 
which production of prolactin and other lactogenic hormones is stimu-
lated, a new and more positive expression thus being given to the original 
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and purely negative view that prolactin secretion follows passively the 
removal of an inhibiting agent. The question of a direct inhibitory 
action of estrogens on the mammary gland itself remains a moot point, 
but it may be doubted whether evidence tendered in favor of this view, 
such as the inability of purified lactogenic extracts to promote lactation 
when injected into pregnant guinea pigs (190), necessarily requires this 
alternative explanation. Indeed, in the same paper the author quotes 
experiments in \vhich lactation in parturient guinea pigs \vas not stopped 
by estrogen injections provided a sufficient dose of prolactin was given 
at the same time, suggesting that, at any rate in the first instance, the 
action of estrogens is on the anterior pituitary. 

The most vulnerable part of Nelson's theory, however, was his 
assumption, based on cumulative but circumstantial evidence only, that 
the secretion of prolactin actually was suppressed by estrogens. If this 
linchpin of his argument were to be proved unsound, the whole theory 
would become untenable and it is therefore with the reports treating with 
this aspect of the problem that we must now deal, as possibly affording the 
most searching line of criticism directed at Nelson's original conjectures. 

The method usually employed for assaying the pituitary lactogenic 
hormone is the response of the pigeon crop gland to injections of the test 
substance or extract. The method is considered more fully later, but 
here it is important to draw attention again to the fact that it is by no 
means sure that the pituitary hormone, or group of hormones, responsible 
for initiating secretory processes in the mammal, is identical with the 
hormone—which we have throughout defined here as prolactin, or the 
pituitary lactogenic hormone—which causes development of the pigeon 
crop gland, in fact we have seen that there is reason to believe that the 
lactogenic "factor" may be an anterior pituitary hormone complex. 
Current work which bases its argument on such an identity inevitably 
begs a question having the utmost relevance to its final conclusions, and, 
should only partial identity be established between the hormonal agents 
active in these two processes, an unconditional acceptance of assay values 
will inevitably be found to have prompted interpretations most mislead-
ing in their import when applied to problems of mammalian secretion. 
The work of Folley and Young on the galactopoietic qualities of different 
pituitary fractions and the possible involvement of the glycotropic hor-
mone in the lactogenic as well as the galactopoietic response, and the 
various reports of the inadequacy of purified pituitary lactogenic prep-
arations to promote lactation in hypophysectomized animals, even though 
they were able to stimulate the pigeon crop gland, are observations which, 
it will be recalled, have pointed to the need for a broader conception of 
pituitary lactogenic control, suggesting a complex mechanism in which 
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prolactin plays an important—perhaps the most important—integral 
part. 

Bergman et al. (20) have attempted to throw some light on this rather 
confusing problem by assaying a pituitary lactogenic extract at different 
stages of purification by two distinct methods: the pigeon crop gland 
response and the 'initiation of lactation in the glands of pseudopregnant 
rabbits. Since the results from both methods changed in a similar way 
with purification, the authors concluded that the same hormone was 
accountable for the respective responses in bird and mammal. This 
view was upheld in a later report (21) in which it was shown that, if a 
pituitary extract is subdivided into two fractions, the one rich in prolac-
tin, and the other poor in prolactin but containing "thyrotropic and 
other hormones," the latter has practically no power to initiate lactation 
in pseudopregnant rabbits, intimating that this ability again is associated 
with prolactin content. The argument is not entirely convincing how-
ever, for the authors found that the "thyrotropic and other hormone" 
fraction had a very pronounced power to supplement the rabbit lacto-
genic response to the prolactin fraction, enabling a given response to be 
obtained with smaller quantities of the latter than were required when 
it was used alone. The interpretation that this was due to the power of 
the thyrotropic extract to affect favorably the levels of milk precursors 
seems to be begging the question, and in any case is no more justified 
than the conclusion that the extract contained an essential lactogenic 
component which was also present, though in suboptimal amounts, in 
the prolactin extract. 

However, Turner and his co-workers, from whose pens has come most 
of the criticism of Nelson's theory based on quantitative pituitary 
prolactin studies, have been satisfied to interpret pigeon crop gland 
assays as indicative of the total lactogenic potencies of their test pitui-
taries—or in other words, their power to initiate lactation; but the 
problem remains controversial, as may be the more readily judged 
by reference to a critical estimate of the position recently published by 
Folley and Young (89). Recognition of this fact will be made here by 
referring to the measurements of Turner, and others adopting similar 
experimental avian criteria, as assays of prolactin only and not neces-
sarily of the complete pituitary lactogenic mechanism. 

In 1937, Reece and Turner (232) collected much of their work on the 
prolactin contents of the pituitaries of various species in a comprehensive 
research bulletin. In this, experiments were quoted leading, amongst 
others, to the following conclusions: (1) no significant change takes place 
in the prolactin contents of rat or cattle pituitaries during pregnancy 
compared with the values given by nonpregnant animals, (2) for rats and 
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guinea pigs the content is increased during lactation, but for cattle the 
level is much the same as for dry cows, or during pregnancy, (3) ovariec-
tomy decreases the hormone level, while injections of estrogen given to 
normal or ovariectomized rats or to normal guinea pigs have the opposite 
effect, and (4) a more tentative estimate that progesterone exerts no 
effect on the prolactin content of the glands of ovariectomized rats, 
untreated or given estrogen injections, when compared with suitable 
control animals. 

The first conclusion and the second, in the sense of an increase occur-
ring after parturition, have since been confirmed with slight variations 
and the work has been extended to other animals (17,133,179,221,228); 
for the mouse rather higher relative levels of prolactin were encountered 
during pregnancy than in other species or in the mouse itself during non-
pregnancy (138). The absence of lactation in the face of this increased 
pituitary prolactin content led Hurst and Turner also to conceive a 
doubt as to whether prolactin was the sole hormone concerned in lacto-
genesis. It will be evident that the continuing low level of prolactin 
during pregnancy in most species and its sudden rise at parturition are 
in good agreement with the requirements of the Nelson theory provided 
increased pituitary prolactin signifies its increased production and not 
inhibition of its release; but it is equally apparent that the results afforded 
by estrogen injection and ovariectomy experiments are just the opposite 
of what the original theory demanded. This work too, however, has 
been confirmed (178,219) and Lewis and Turner have further shown that 
diethylstilbestrol when given to ovariectomized multiparous rats acts 
in the same way as the natural estrogens in augmenting the total pituitary 
prolactin content (154). It should be noted that such augmentation is 
normally the result of a dual response, an increase in pituitary size and 
an increase in the amount of prolactin per unit weight of glandular tissue, 
though it is not unusual for only one of these factors to be involved. 
Finally, the progesterone effect has, since the first report, been expressed 
in a modified and more provocative form, for, although it was found (181) 
that this hormone itself had no direct influence on the prolactin content 
of immature female guinea pig pituitaries, it was observed that it could 
diminish substantially the increase in prolactin promoted in the same 
animals by estrogen injections. 

The last fact, together with the other data already given, led Meites 
and Turner to reject Nelson's theory and to propose an alternative which 
may be briefly summarized in the following terms: during pregnancy the 
effect of a high estrogen titer on the prolactin content of the pituitary is 
nullified by the simultaneous presence of an active corpus luteum, or of 
corpora lutea, secreting progesterone. At parturition the corpora lutea 
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regress and progesterone secretion stops, thus allowing estrogen to 
increase the prolactin output rapidly and with effect. 

The authors' full argument is contained in four papers (180-182,281) 
in which they summon further experimental evidence in support of their 
views. Thus they were unable to show any diminution in the high 
prolactin content of the pituitaries of lactating rabbits allowed to become 
pregnant while suckling, and pointed out that according to the estrogen 
inhibition theory a fall in prolactin would clearly be expected in these 
circumstances (181). Further they demonstrated that, even when 
given in very high quantities, diethylstilbestrol was unable to produce 
any lowering of the prolactin concentrations in rat or guinea pig pitui-
taries, in fact even \vith quite unphysiological concentrations of estrogen 
some increase in this value was always obtained. Lastly, from their 
other investigations on this problem we may quote one claim of the very 
highest significance: that the increase of pituitary prolactin in male 
rabbits following estrogen treatment has its parallel in a simultaneous 
increase in the blood prolactin, an observation of quite fundamental 
importance to the theory they have developed. 

Despite these extensive and objective studies upon Avhich Meites and 
Turner have built their latest theory explaining the suppression of 
lactation during pregnancy and its onset at parturition, their claims are 
open to various criticisms which detract from its significance and hamper 
its acceptance as a worthy substitute for the original inhibition theory. 
The points which might be raised have for the most part a wide reference 
and affect the interpretation of their results generally, but some are more 
specific and concern single experiments only. It will be remembered 
that over all the work looms a doubt of the complete identity of prolactin 
with the pituitary lactogenic hormone or hormone complex, and hence 
the possibility that prolactin assays, taken alone, are irrelevant to the 
subject under discussion. A second general criticism arises from the 
reflections of Hall and Nicolet (124) on the technique used by Turner 
and his co-workers in assaying the prolactin contents of their test pitui-
taries. It was shown that the routine method, involving the local intra-
dermal injection over the pigeon crop gland of suspensions of fresh or 
acetone-dried pituitary material (232) used in Turner's \vork, may give 
very erroneous and low results when compared with the values given by 
extracts of the same material tested by the same method. Indeed it 
appears that the method may only measure 10-20% of the total prolactin 
content present in the suspended tissue. It might be hoped that this 
would not affect the comparative values in any group of assays, even 
though absolute values might be at fault, but in a more detailed account 
of the earlier report, Hall (123) states alarmingly that " . . . local tests 
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of suspensions are a good measure of pituitary tissue dosage but are 
almost useless as a test for total or relative prolactin content," and 
instances assays on two acetone-dried cattle pituitaries which, tested as 
extracts by the systemic injection method (122) or by the comparative 
local intradermal test, had potencies in the ratio 1:2, but when assayed 
as suspensions in the latter test had identical potencies. 

Thirdly, we have to consider the possibility that the inhibitory action 
of estrogen does not operate solely on the formation of prolactin in the 
pituitary, but on its release by the pituitary as well, and a satisfactory 
interpretation of most of the results of Meites and Turner can be founded 
on this supposition, linked always—in vie\v of the dual and opposed roles 
which we recognize that estrogens subserve—with the conception of 
threshold values already proposed. Thus the curve showing an opti-
mum rise in the prolactin content of the pituitaries of small guinea pigs 
given different dosages of estrogen, reproduced here (Fig. 7), might 
indicate that in the dosage range below that giving the peak prolactin 
value, the interthreshold phase of positive lactogenic stimulation and 
normal release is being traversed, while beyond this point the inhibitory 
zone is reached and the prolactin content falls precipitously. Quite 
clearly, if release is hindered pari passu with the formation of prolactin, 
the pituitary content—in the absence of any intraglandular destruction— 
will never fall below the normal value, but will approach this figure more 
nearly as the dosage is increased and the rising estrogen titer in the 
animal's body takes less and less time to pass through the interthreshold 
prolactational phase before reaching an inhibitory concentration; this is 
exactly what Meites and Turner have observed. It is important to 
notice that the fluctuating estrogen titers resulting from daily injections 
will in all probability allow long periods of lactogenesis even though 
the absolute amount of estrogen injected may theoretically be amply 
sufficient to cause inhibition (see Fig. 6, No. 7). Meites and Turner 
have in part anticipated these criticisms by their demonstration 
that the blood prolactin content of rabbits increases after estrogen 
administration (178). An inspection of their figures, however, shows 
that as the estrogen dose rises the blood prolactin increase falls, and for 
the maximum dose used, 0.05 mg. estrone daily for ten days—at which 
dose it would seem, by comparison with the published pituitary prolactin 
dose-response curve for guinea pigs and the few results given for the 
rabbit, that the inhibition threshold of estrogen activity might only just 
have been passed—the blood prolactin assay reveals little quantitative 
difference from that of a normal uninjected animal. 

Fourthly, some comment may be made upon the presumed action of 
progesterone in inhibiting the estrogenic effect on pituitary prolactin 
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concentrations. Meites and Turner (181) showed that for immature 
female guinea pigs this action only occurred when the gravimetric ratio 
of progesterone to estrogen exceeded 250:1, approximately, and was only 
marked at much higher levels. Even the threshold ratio differs widely 
from the ratio 40:1 which Scharf and Lyons (247) found necessary for 
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F I G . 7.—Variations in the prolactin content of the pituitaries of guinea pigs given 
different doses of diethylstilbestrol. (From Meites and Turner, 180.) 
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the satisfactory development of the mammary parenchyma in male 
rabbits, a ratio which, as we have shown in the preceding chapter, may 
have a more general application in problems of mammary growth. A 
ratio of roughly 660:1 used in an experiment carried out by Lyons and 
McGinty (163) on a male rabbit resulted in very inadequate mammary 
growth. It is possible, therefore, that the part which Meites and Turner 
would have progesterone play in antagonizing the effects of estrogen 
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during pregnancy may only be evinced under abnormal, unphysiological 
conditions and have no connection with hormonal relationships in the 
normal pregnant animal. It is interesting to remark in this connection 
that the removal of rat ovaries which had been intensely luteinized by 
treatment with chorionic gonadotrophin (252) led to an abundant 
secretion of milk from developed glands. An abnormally high proges-
terone : estrogen ratio, which allowed the progesterone to override the 
effect of an otherwise prolactational estrogen concentration, may reason-
ably be assumed in these animals. Other results of the effect of proges-
terone on pituitary prolactin contents have been reported by Reece and 
Bivins (227). 

The observation that an intervening pregnancy has no effect on the 
high pituitary prolactin content of lactating rabbits (281) may be tenta-
tively explained on the supposition that the estrogen inhibition threshold 
is raised under such exceptional conditions; a parallel is possibly afforded 
by the fact that, although estrogen values may be high during pregnancy, 
estrous or nymphomaniac symptoms are not customarily exhibited at 
these times. It seems to us the more likely theory that, when undue 
physiological strains have to be met, the organism should show some 
powers of accommodation modifying, though only in a quantitative sense, 
the normal hormonal responses, rather than, as Turner and Meites sup-
pose, that " . . . factors present during pregnancy which inhibited 
lactogen (prolactin) production . . . should inhibit (it) just as well 
during a period of simultaneous pregnancy and lactation." It should be 
remembered, too, that the presence of the placenta adds a complication 
to the picture of lactation control during pregnancy. No clear evidence 
exists that this organ has any influence on the course of lactation in 
lactating pregnant animals, and the fact that hysterectomy in the mouse 
at the eleventh day of pregnancy (26), or in the rat (250), is succeeded by 
lactation is probably a reflection of associated changes in the systemic 
estrogen value, rather than any more specific effect, such as the relief of 
uterine distension (118). 

In concluding this criticism of the theory of Meites and Turner we 
note that, while they offer no rational explanation of the many instances, 
already quoted in this review, in which estrogens have been shown to 
stop milk secretion, they have proposed, in order to reconcile similar 
findings of their own (180,186) to the tenets of their own theory, that either 
a decrease (180) or an increase (186) in the secretion of pituitary hormones, 
other than prolactin, may be held responsible. In either case the effect is 
attributed to alterations in the availability of milk precursors, rather 
than to any specific action on the mammary gland itself. We believe, 
however, that there are at present no valid grounds for discarding the 
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hypothesis that estrogens can depress the active systemic concentration 
of the pituitary lactogenic complex—using the term here in its widest 
sense—provided they are administered in concentrations above the 
inhibitory threshold. The records of the beneficial action of pituitary 
extracts given to goats and cattle receiving doses of estrogen which were 
inimical to milk secretion (77,90,155) offer real support for this view. 
Thus it would be difficult to explain, on the basis of precursor deficiencies 
alone, the need for anterior pituitary extract in order to initiate secretion 
in some of these estrogen-treated animals, wThile in parenthesis we may 
add that the "progesterone-overriding effect" could scarcely be operative 
in such cases since the estrogen treatment has been shown to result in 
hypoplasia of the ovaries and functional inactivity (74,127). Folley 
et al. (77) have ascribed this action of pituitary extracts entirely to their 
content of the lactogenic hormones, assuming that for such refractory 
beasts the estrogen was administered in quantities sufficient to inhibit 
the lactogenic action of the anterior pituitary and that secretion of these 
hormones was the limiting factor conditioning the absence of milk 
secretion. Finally the galactopoietic effect observed by these authors 
and by Lewis and Turner (155), in goats or cows treated with pituitary 
extracts after the previous induction of lactation by estrogens, while 
most readily ascribed to the galactopoietic complex content of the 
extracts, might also be explained in terms of lactogenic hormone adminis-
tration. The secretion of prolactin—which we may instance as one 
contributory factor to the total lactogenic effect—would probably be 
below maximal in most animals having interthreshold prolactational con-
centrations of systemic estrogen, and in consequence galactopoiesis 
would be expected to follow any treatment which could raise the sys-
temic prolactin level. Such an interpretation lays special emphasis on 
the authors' opinion, already expressed, that lactogenesis and galacto-
poiesis may be different aspects of the activity of the same pituitary hor-
monal complex, whose components vary in their relative importance both 
in the changing phases of the lactation cycle and, we might expect, under 
the sometimes artificial conditions of experimental procedure. In the 
particular case we are considering, the possibility that the beneficial 
effect of the pituitary extracts may have been attributable to prolactin— 
rather than glycotropin—clearly cannot be discounted by reference to the 
inability of prolactin to give a galactopoietic effect in normally lactating 
cows. 

The influence of hormones, other than those of the ovary, upon 
prolactin secretion has not yet received very extensive study,' but Turner 
and Meites (280) have reported that injections of desoxycorticosterone 
acetate given to guinea pigs failed to influence the pituitary content of 
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this hormone, while it was believed (176) that the definite reduction 
which followed adrenalectomy in rats was probably due to secondary 
effects attending the operation, such as the cessation of estrous cycles, 
or a reduced food intake. Since, however, the sudden rise of prolactin 
levels at parturition was demonstrated for rats adrenalectomized during 
the last week of pregnancy, it was further concluded that failure of lacta-
tion following this operation was not primarily a matter of prolactin 
deficiency. 

A fall in pituitary prolactin has been observed to accompany thyro-
parathyroidectomy in male rats (173); but in young goats thyroidectomy 
had no effect on the concentration of this hormone, which remained at 
the same level as in normal animals of comparable age (233). 

In view of the common propensities of estrogens and the androgen 
testosterone to promote mammary growth and to inhibit lactation (73), 
it was obviously desirable to see whether the parallel extended further 
to a like effect on prolactin concentrations, and Reece and Mixner (229) 
have shown that injections of testosterone propionate into mature 
ovariectomized rats produced a 40% increase in pituitary prolactin 
content. The additional fact that androsterone—which so far as is 
known has no mammogenic properties—has no power to affect prolactin 
levels (222) adds to the evidence suggesting a more fundamental connec-
tion than we may yet divine, between the mammogenic and lactogenic 
properties of substances known to be active in one or both of these 
processes. 

The prolactin content of pituitaries from rats given injections of preg-
nancy urine was no different from that of controls, while combined 
treatment with pregnancy urine and estrogen led to increased values, 
similar to those found in the pituitaries of rats given estrogen alone (226). 
The latter concordance, however, was not reproduced in the progress of 
lactation in the two groups concerned, and it was recorded that although 
pregnancy urine itself had no apparent effect on milk secretion, it did 
enhance the inhibitory action of estrogen given alone. This supple-
mentary inhibitory effect of chorionic gonadotrophin would seem there-
fore to be unassociated with prolactin secretion. An increased mitotic 
activity in the mammary glands of the animals receiving the dual treat-
ment prompted the authors to postulate a connection between the 
adverse effect on lactation and the additional impetus to growth given 
by the pregnancy urine. This report on the action of chorionic gonado-
trophin on lactation was preceded by a number of earlier observations 
of conflicting import (38,57,128), though in general inhibition has been 
demonstrated in intact animals. The mechanism involved may be con-
nected with the excessive luteinization produced in the ovaries by this 
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stimulus, and the presence of abnormal progesterone : estrogen ratios in 
the body, but this has not yet been ascertained; alternatively the secre-
tion of estrogen in response to the pregnancy urine may be implicated. 
This possibility is rendered more likely by the observation that lactation 
is inhibited by both pregnancy urine and pregnant mares' serum in nor-
mal, but not in ovariectomized, rats (53). Increased luteinization could 
scarcely be postulated as a cause of the inhibition by the latter gonado-
trophin. The evidence, however, points clearly enough to some form of 
ovarian participation in these responses. 

Finally we may note reports on the effect of suckling on the prolactin 
content of pituitaries. Selye and his colleagues (251,255,256) expressed 
the opinion that the production of prolactin might be to some extent 
under the control of nervous influences set in train by the nursing stimu-
lus, and Meites and Turner (183) have since shown that the prolactin 
levels in the pituitaries of suckled postparturient rabbits are invariably 
higher than those of similar animals whose litters have been removed at 
birth. Although, over long periods, the suckling stimulus thus causes 
an enhanced production of prolactin, it would appear from results of 
Reece and Turner (230,231) that a depletion of the existing hormonal 
supplies is also entailed as a secondary—but usually masked—effect, 
presumably due to an accelerated release of the hormone. One infers 
that the special conditions ruling in these last short-term experiments 
were such as to allow the rate of release of prolactin from the pituitary 
to exceed temporarily its rate of formation in response to the suckling 
stimuli applied, with a resultant fall in the pituitary prolactin contents 
of the suckled rats compared with their controls. 

V· The Pancreatic Islets and Lactation 

Brief reference may be made here to the question of a possible inter-
ference with lactation following pancreatectomy, even in the presence of 
otherwise adequate insulin therapy. It will be clear that even though 
no direct action of the pancreas upon normal lactation may be implied 
by the results of such surgical experiments, the essential part played by 
insulin in the intermediary metabolism of carbohydrates will inevitably 
confer upon this gland the power to influence lactation indirectly through 
precursor levels. In accordance with the view that an indirect effect 
only exists, Markowitz and Simpson (168) and Cuthbert et al. (45) have 
claimed that pancreatectomized bitches injected with insulin have been 
maintained through normal pregnancies and have subsequently lactated 
satisfactorily. The subclinical glycosuria shown by these animals 
throughout the period of injection was markedly decreased during lacta-
tion and a transitory, but pronounced, hypoglycemia was reported by 



XVI. HORMONAL CONTROL OF LACTATION 791 

Markowitz and Simpson in one animal; this effect can of course be readily 
explained by the need for glucose at this time for the synthesis of lactose. 
Contrary evidence has been presented by Markowitz and Soskin (169), 
who found that two pancreatectomized bitches, maintained with insulin, 
which littered normally were unable to rear their pups; it seems possible— 
especially in the light of the interpretation given below of the later reports 
by Chaikoff and Lyons (33) and Nelson et al. (198)—that, for some 
reason, poor mammary development was the true cause of the inadequate 
lactation. 

Chaikoff and Lyons (33), using depancreatized dogs kept alive by 
insulin, found that only one out of six operated animals was stimulated 
to lactation by injections of pituitary lactogenic hormone, although it 
was given in amounts more than sufficient to cause milk secretion in four 
unoperated animals. Nelson et al. (198), however, in similar experiments 
found that lactation following prolactin injections was always obtained 
in those animals having some measure of mammary development, and 
that, of their nine experimental bitches, the four which failed to lactate 
were those whose glands were involuted when examined prior to the 
initiation of treatment. 

From these results it would seem unwarranted to ascribe any specific 
lactogenic role to pancreatic secretions; but no final judgement can of 
course be made until experiments yielding more explicit quantitative 
data are reported. 

VI. The Posterior Pituitary and Lactation 

Early work, associated with the names of Ott and Scott (206), 
Schäfer (244,245), Mackenzie (167), Schäfer and Mackenzie (246), 
Hammond (125), Turner and Slaughter (282), and Smith (261), con-
cerning the relationship between the posterior pituitary gland and lacta-
tion has been recently reviewed by Folley (67) and by Petersen (212). 
As a result of these researches it was evident that this gland, while 
playing no direct part in the secretory activity of the alveolar cells, was 
important in the so-called "let-down" of milk; the latter term is in com-
mon use and recognizes the fact that the full milk yield from lactating 
animals can only be obtained when normal milking or nursing stimuli 
are applied. Cannulation of the teat of the cow or goat, for instance, 
will not give the maximal yield which, it seems from the researches of 
Maxwell and Rothera (170), Gaines (97), and Tgetgel (274,275), is 
dependent on an increase in the intraduct milk pressure—closely asso-
ciated in practice with reflex stimuli arising from teat or nipple manipula-
tion—whereby strong capillary forces present in the smaller milk 
channels being overcome, the milk is pressed out into the larger ducts, and 
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so to the milk cistern. Writing in 1940, however, Folley was only able to 
relate these observations on the posterior pituitary gland to the normal 
milking or suckling processes in a noncommittal way, remarking that 
"There remains the interesting possibility, as yet unsupported by any 
experimental evidence, that the posterior lobe of the pituitary gland may 
play a part in the discharge of milk from the mammary gland during 
normal suckling" (67). 

Some further advance has been made since this time, mainly due to 
the work of Ely and Petersen (55), who, by a suitable unilateral sym-
pathectomy operation, removed the source of efferent nervous stimuli 
to one half of the bovine udder. This denervation had no effect on the 
processes of milk ejection, which could thus be confidently ascribed— 
as regards the terminal phase of its control—to hormonal influences in 
the normal animal; in support of this contention the authors were able 
to demonstrate an inhibition of "let-down" in these animals following 
adrenaline injections and an equally rapid countering of this action in 
response to posterior pituitary extracts. The theory was advanced that 
the normal release of milk is caused by afferent stimuli—not necessarily 
arising from the udder alone—causing the posterior lobe to secrete the 
oxytocic principle which.in turn acts upon smooth muscle-like tissue 
(myoepithelium?) supposed to lie in close contact with the alveoli. Evi-
dence for the existence of such contractile elements has recently been pre-
sented by Swanson and Turner (269). The accordance between the 
predicted and observed results of several practical milking tests in which 
different manipulative techniques were used (185) strengthened the belief 
in the theory as illustrative of a fundamental mechanism in milking proc-
esses. Petersen and Ludwick (215) have shown further that, if a sur-
viving excised bovine udder is perfused writh blood from a cow previously 
stimulated to "let down" her milk by appropriate handling, an immediate 
flow of milk from the perfused gland results, while blood from unstimu-
lated cows evokes no such response. Both pitocin and pitressin are 
active in causing ejection of milk from the perfused bovine udder (213) or 
from the glands of lactating rabbits (278), the former being the more 
active. However, although injection of these substances permits a more 
complete evacuation of the gland at a single milking, it seems certain that 
their continued use over a period has no substantial direct effect on yield 
or fat secretion—that is, no galactopoietic effect (257) ; Knodt and Peter-
sen (145), however, believe that it has an indirect influence and that a 
falling yield might be a result of the habitual retention of some milk in 
the gland, due for example to faulty milking technique or to some idio-
syncrasy of the cow. They suggest that such incomplete ejection and its 
indirect depressive effect on milk production might be overcome by 
pitocin injections. 
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An interesting report by Gomez (107) makes the claim, in harmony 
with the views of Petersen and his co-workers, that replacement therapy 
is greatly improved in hypophysectomized lactating rats given anterior 
pituitary extract, adrenal cortical extract and glucose, by the additional 
regular administration of posterior lobe extract. 

These views on hormonal mediation in that phase of lactation con-
cerned with the release of the stored milk, call for the revision of the earlier 
concept of purely nervous control postulated by many authors, and in 
particular by Hammond (126), who suggested that the ejection of milk 
may best be regarded as an active process brought about by nervous 
reflexes, " . . . causing erection of the udder and so pressure on the milk 
contained in the ducts," and gave incidentally a valuable appraisal of the 
earlier work pertinent to this subject. 

Dempsey and Uotila (50), Herold (130), and Desclin (51) have since 
given conflicting accounts of the effect of pituitary stalk section on lacta-
tion in the rat. The two last-named authors found that rats so treated 
failed to lactate despite vigorous suckling stimuli, and concluded that 
nervous impulses essential to lactation pass to the pituitary via the 
pituitary stalk. Dempsey and Uotila however claimed that any defi-
ciency could be attributed to inadvertant damage of the anterior lobe 
and not to denervation, and concluded that stalk section does not inter-
fere with normal lactation, a view which agrees well with reports by 
Smith (261) and Houssay (134) that lactation can take place successfully 
in the rat and bitch after the posterior pituitary has been removed. 

In view of the claims and counterclaims on fundamental issues and 
the demonstration by Selye and co-workers (see 251) that some measure 
of nervous control—"the suckling stimulus"—is implicated in the secre-
tion of the lactogenic hormone from the anterior pituitary, it is not clear 
whether failure to lactate after stalk section is to be attributed to removal 
of afferent impulses to the posterior lobe, or is a reflection of deficient 
secretion of the hormones of the lactogenic complex resulting from sup-
pression of stimuli to the anterior pituitary. In any case, the need for 
further careful work in this field calls for no special emphasis. Mean-
while the authors, from their critical but purely theoretical evaluation 
of the work bearing on this problem, are inclined to accept the views of 
Ely and Petersen, already considered, that the posterior pituitary gland 
is an essential factor in a neurohormonal arc controlling the "let-down" 
or "conditioned release" of milk already secreted and stored in the 
mammary tissues. 

VII. The Hormonal Control of Milk Composition 

The various hormonal factors influencing lactation have so far been 
reviewed with regard to their power to alter milk yields, but the effect 
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these substances may have on the composition of the milk secreted is 
clearly of equal importance and may have far-reaching significance in 
questions of mammary gland metabolism. Here we shall not deal with 
this biochemical aspect of hormonal intervention, merely reporting the 
compositional changes that have been recorded and noting that their 
source might be in still more fundamental changes in blood precursor 
levels, or in the specific action of hormones upon qualitative or quantita-
tive aspects of mammary gland metabolism. 

Sykes et al. (273) have reported that an anterior pituitary extract, 
given to cows in declining lactation for five-day periods, caused marked 
increases in both the total fat production and in the percentage of fat 
present in the milk. This provided a confirmation of the earlier work 
by Folley and Young (87), who also recorded a marked rise in fat produc-
tion with one particular extract, but were unable to correlate it with 
certainty to the presence of any particular hypophyseal hormone in their 
extracts. A more recent report by Sykes et al. (272) has shown that 
prolonged courses of injections with certain anterior pituitary extracts 
may lead, after the initial favorable effect, to adverse changes in milk 
composition, including dramatic falls in fat content. It seems clear that 
the hormones present in the particular extract used in these experiments 
conditions the response, and the use of purer preparations, or at least 
the fuller characterization of extracts in terms of their hormonal contents, 
must be a sine qua non of further research in this field. 

The power of thyroxine to increase the total yield of milk fat, and 
also its percentage content, is well recognized, and the first detailed 
reports by Graham (115) have since been amply confirmed (85,129,217). 
Since the fat percentage is raised, the effect of thyroxine on this con-
stituent must exceed that on yield itself and a differential action favor-
able to fat secretion must be envisaged. Further evidence has more 
recently come from milk samples taken from cows fed iodinated proteins. 
Reineke and Turner (234), van Landingham et al. (148), and Reece (225) 
have reported very definite increases in this milk constituent in samples 
taken from treated goats or cows. Smith and Dastur (260) have ana-
lyzed the milk fat given by cows injected with thyroxine and have found 
no important change in its chemical nature. 

Thyroidectomy performed on cows reduced the total fat yield by 
75%, but this was due to the falling milk yield and not to any appreciable 
change in the percentage fat content of samples, which, like the nonfatty 
solids, remained unaffected (263); calcium and phosphorus contents of 
the milk were lowered by thyroidectomy in the goat (63). 

The action of thyroxine on nonfatty solids secretion has been reported 
by some workers to be of small significance; but Folley and White (85) 
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and later, Blaxter (23,24) have demonstrated quite clearly that for cows, 
although relatively much smaller than the effect on fat secretion, a 
definite increase in the percentage of nonfatty solids is caused, provided 
the calculations are made on the basis of fat-free milk. 

The increase in the milk solids content, or "enrichment" effect of 
estrogens on lactation in the cow was first described by Folley (65), who 
later extended his first observations, made with natural estrogens, to 
similar experiments with diethylstilbestrol (82). With many of his 
animals the effect was complicated by concurrent falls in the volume of 
milk produced, but some showed clear-cut increases in both the total fat 
and total nonfatty solid values over long periods, and in these cases a 
true galactopoiesis may be deemed to have occurred. The "enrichment " 
effect has been confirmed by Spielman et al. (262). The closely allied 
problem of the artificial induction of lactation by estrogens has led, from 
the practical point of view, to production of milk fro m both goats and cows 
of excellent chemical composition (76,83); the first milk secreted has 
invariably been of colostral type, but in those cases in which lactation 
has been successfully induced the composition has rapidly become normal 
with respect to all its major constituents. 

VIII. Assay and Physiological Properties of Prolactin 

As an addendum to this discussion of hormones and lactation it is 
proposed to give a brief account of recent work concerned with the assay 
and physiological responses to the pigeon-crop-gland-stimulating hor-
mone—prolactin. Work done to the end of the last decade has been 
authoritatively reviewed by Riddle and Bates (235), and the reader is 
referred to this excellent statement for a systematic review of the subject 
up to this time. Problems of interest in the chemistry of prolactin and 
its preparation are considered in another chapter of this book, but 
reference may be made here to the reported detection of the hormone 
outside the pituitary gland itself—notably in urine (164,177), blood (150), 
liver (44), and placenta (54). Inconclusive evidence, which points to 
the eosinophil cells of the pituitary as the source of the hormone has been 
presented by Azimov and Altman (12), Schooley and Riddle (248), and 
Friedman and Hall (96). 

Of the two general methods used for quantitative assay, the 
stimulation of the crop gland in pigeons or doves and the induction of 
lactation in the pseudopregnant rabbit or the hysterectomized guinea 
pig, the former has been overwhelmingly the most popular; for, although 
bearing a less obvious relationship to problems of mammalian lactation 
and yielding assay values which only with important reservations can 
be proffered as a measure of the mammalian lactogenic hormone complex, 
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i n most of i ts forms i t has a more object ive basis, is simpler i n execut ion, 
and is independent of other subsidiary or predisposing hormone mecha-
nisms. The method has, however, a number of var iants , and results 
obta ined using one technique have not been readi ly t ranslatable in to the 
uni tage given b y another, the need being manifest for a s tandard prepara-
t i on of pro lac t in wh ich should be in te rna t iona l l y recognized and used i n 
comparat ive work . Th is need has now been met and an in te rna t iona l 
un i t defined as " t h e specific a c t i v i t y conta ined i n 0.1 m i l l i g ram ( = 100 
gamma) of the s tandard p repa ra t i on . " Compara t i ve assays w i t h th is 
s tandard and results expressed i n th is un i tage are on ly accepted as va l i d 
when tests " . . . wh ich depend on the measurement or observat ion of 
g row th produced i n the crop g land of the pigeon or dove, whether as the 
result of systemic or of local a d m i n i s t r a t i o n " are used (56,184). 

The var ian ts of the crop g land test m a y be subdiv ided in to (1) tests 
wh ich depend on the de te rmina t ion of weight changes i n the s t imu la ted 
glands as the result of systemic in ject ions, as or ig ina l ly proposed b y 
Ridd le et al. (237), (2) tests wh ich depend on a m i n i m a l s t imu la t i on of 
the crop g land fo l low ing systemic in ject ions (174), and (8) those i nvo l v i ng 
a m i n i m a l , or otherwise defined, s t imu la t i on after local i n t raderma l 
in ject ions immed ia te ly over the crop g land, as first suggested b y Lyons 
and Page (164) and modi f ied b y Reece and Tu rne r (232). The method 
of choice is largely a mat te r of the personal preference of the worker 
concerned, except t h a t the last m a y be used to detect far smaller amounts 
of the hormone, and also lends itself t o comparat ive studies on the same 
b i r d , since w i t h i n l im i t s the in jec t ion st imulates on ly t h a t g land imme-
d ia te ly beneath the in jec t ion site, leav ing the other free either as an 
unt reated cont ro l g land or, for example, for s imultaneous pro l i fe ra t ion 
by a s tandard pro lac t in preparat ion. 

The value of the results obta ined b y these tests depends on a r ig id 
s tandard izat ion of procedure for any comparat ive series, since factors 
such as the route and vo lume of the in ject ions and the age and s t ra in of 
the bi rds used may influence the response i n greater or less degree. A 
considerat ion of such variables, of the i r effect on response, of the exper i -
menta l ind icat ions wh ich bear upon the i r m in im iza t i on , and the con-
s t ruc t ion of suitable dose-response curves for di f ferent exper imental 
condi t ions has cont inued to engage the a t ten t i on of workers i n th is f ield, 
as comprehensive studies b y Fo l ley et al. (71) and H a l l (122) on the crop 
weight assay, and b y H a l l (123) on the local , i n t raderma l in jec t ion test 
bear witness. Supplementary studies on ind i v i dua l factors affect ing 
the crop weight response have been made b y Bates et al. (18) on the use 
of d i f ferent races or strains of doves and pigeons, b y Bates and R idd le 
(16) on seasonal var ia t ions in response, and b y F r i edman and H a l l (96) 
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on the influence of contaminating inert material in the extracts tested. 
Bates and Riddle (15) have also investigated the effect of altering the 
volume of the injected extract in the local intradermal test, and found 
that great variations of response could be caused thereby, but this has 
been disputed by Meites et al. (175). Finally Lahr et al. (147) have 
reported that various substances of both biological and nonbiological 
origin have the power of producing nonspecific stimulation of the crop 
gland in the local test, though the concentrations required are not such 
as to prejudice the value of the method as effectively specific for prolac-
tin. The authors do point out, however, that the extreme sensitivity of 
this test may owe something to the fact that wound effects incidental 
to the intradermal injection may fall only slightly below the threshold 
for a positive response. 

Bergman et al. (20) have reported a comparative study in which a 
quantitative relationship was sought between the units in Avhich the 
results of various kinds of pigeon assays and of the pseudopregnant 
rabbit assay have in the past been expressed. Their findings were 
related to the international unit in a later publication (175), Avhen more 
particularly the amounts of the international standard preparation 
required to give minimal stimulation of the crop gland under defined 
conditions, by subcutaneous, shallow intrapectoral, and local intradermal 
injections, were determined. They were, respectively, 1.0, 1.25, and 
0.006 LU. Lyons (158) too has given results obtained with the interna-
tional standard preparation, in which it was compared with other prepara-
tions of greater potency. An account of an assay based on the initiation 
of lactation in the virgin guinea pig is also given, and it is noted that 
the relative effective amounts of the preparations used differed for the 
guinea pig and pigeon crop gland tests, a finding which vindicates the 
limitations attached to the use of the international unit. 

In their general account of prolactin, Riddle and Bates (235) consider 
the physiological properties of this hormone under a variety of headings: 
lactation, crop sac stimulation, the ability to promote an exhibition of the 
instinct of maternal behavior in rats or of broodiness in fowls, the power 
to affect adversely the normal activity of the testis and ovary ("anti-
gonad" action), the effect on basal metabolic rate in thyroidectomized 
pigeons (calorigenic action), the promotion of body growth, splanch-
nomegaly, and effect on carbohydrate metabolism. There is now ample 
evidence that a further property must be added to this list—that of 
maintaining functional activity of the corpus luteum. This may prove 
to be related to the "anti-gonad" effect mentioned above. 

Astwood (11) showed that certain pituitary extracts were "luteo-
trophic," permitting the corpora lutea of normal estrogen-treated rats 
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and of hypophysectomized rats to continue functioning, as evidenced by 
the persistence of vaginal mucification. He considered the luteotrophic 
hormone to be allied in its physical characteristics with lactogenic and 
adrenocorticotrophic; hormones, it now seems highly probable that the 
action he observed can be directly related—insofar as the underlying 
hormonal mechanisms are concerned—to the production of traumatic 
placentoma in rats whose lutein tissue has been activated to the secretion 
of progesterone by pituitary lactogenic hormone injections (59,60). 
Cutuly (46-48) has swelled the evidence pointing to a luteotrophic action 
of prolactin by maintaining pregnancy with this hormone in rats mated 
and then hypophysectomized either before or after implantation of the 
ovum; some reason for believing that this action is not entirely specific 
for prolactin, but may be shared, in part at least, by the gonadotrophic 
hormones of the pituitary, was also given by this author. The conten-
tion, so far as prolactin is concerned, however, has been widely upheld by 
later workers (61,64,132,156,165,201,271) some of them using different 
criteria of luteal activity, for example mammary growth (101,165). It 
provides an interesting speculation that the absence of copious lactation 
during pregnancy, even in the presence of developed mammary tissue 
and a moderate amount of pituitary prolactin, may owe something to the 
need for this hormone to act as a luteotrophic agent during this period, 
an action which, as has been indicated earlier in this chapter, also implies 
a very essential role for prolactin in the processes of mammary growth. 

This and the previous chapter on the mammary gland were completed in Feb-
ruary, 1946. N o work has been published in the intervening two years which neces-
sitates any serious revision of the concepts discussed in either chapter, unless we except 
the contention of Fauvet (e.g., Arch. Gynäkol. 171, 342, 1941) that estrogens in non-
toxic doses do not inhibit lactation in the rat save in the presence of progesterone (see 
also Barsantini and Masson, Endocrinology 41, 299, 1947). Nevertheless we think it 
desirable to refer readers who may be interested in citations of some relevant papers 
which have been published or have come to hand since the present contributions were 
prepared, to a Symposium of articles on Lactation which has been published in a 
recent issue of The British Medical Bulletin. 

The Symposium contains reviews on structural features of mammary tissues by 
K. C. Richardson (Brit. Med. Bull. 5 ,123,1947), on the endocrine control of mammary 
development (Brit. Med. Bull. 6, 130, 1947) and of lactation (Brit. Med. Bull. 5, 135, 
1947) b y S. J. Folley, on experimental galactopoiesis by F. G. Young (Brit. Med. Bull. 
5, 155, 1947) and on the experimental induction of lactation by F. H. Malpress (Brit. 
Med. Bull. 6, 161, 1947). In addition mention should be made of the inclusion of a 
review on the nervous system and lactation by S. J. Folley (Brit. Med. Bull. 5, 142, 
1947), since, as far as we are aware, this is the only extensive contemporary review 
of this aspect of lactational physiology which has so far appeared. It is relevant to 
the topics discussed in the present contributions because it mainly deals, in greater 
detail than was possible in this book, with neurohormonal mechanisms involving the 
evocation, by suckling or nursing stimuli, of the secretion of anterior pituitary hormones 
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concerned in lactogenesis and galactopoiesis on the one hand, and on the other with 
the postulated involvement of posterior lobe factors in the mechanism governing the 
expulsion of milk from the alveolar tissues (and its subsequent withdrawal from the 
mammary gland) at milking time. 
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