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INTRODUCTION. 

The nourishment of the young animal during the 

transition from intrauterine to independent life is a 

function which, in itself, justifies the interest of 

research workers in the mammary gland. However, the 

selection of cattle for the production of milk in 

quantities far in excess of the requirements of the 

calf gives the mammary apparatus enormous èconomic 

importance and, at the same time, stimulates investi- 

gation of the diverse problems surrounding milk secre- 

tion. 

These problems have been studied by specialists 

in the fields of pure physiology, of endocrinology, 

of biochemistry and of genetics, and only by correla- 

tion of the work in all these fields will a true 

picture of mammary function be obtained. 

The effects of hormones on mammary function have 

so far been studied only by post mortem examination 

of the gland or by changes in volume and character of 

the/ 
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the secretion. The experiments described in this 

paper were carried out to determine if the more 

direct index of action of endocrinological factors, 

namely a measurement of change in metabolic character- 

istics, could be applied to the mammary gland. The 

application of the technique of tissue metabolism opens 

a highly interesting field of research and the experi- 

ments reported here are an evidence of the possibili- 

ties awaiting study. 
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A REVIEW OF THE LITERA'rURE. 

(a) INTRODUCTION. 

Prior to 1900 the functional development of the 

mammary gland was considered to be due to nervous 

stimuli. This theory was discarded as a result of 

experiments carried out by Goltz andEwald (1896). 

After severing the nervous connections to the pelvic 

organs in a bitch they observed a normal pregnancy, 

followed by parturition and lactation. Ribbert (1898) 

in guinea -pigs, and Pfister (1901) in rabbits, observed 

that growth of the mammary gland occurred during preg- 

nancy when the gland tissue was transplanted into the 

skin of the ear. The results of these experiments 

led to the theory that the stimulus causing mammary 

gland development was of a hormonal nature. 

Lane -Claypon and Starling (1906) unsuccessfully 

attempted to induce mammary growth in rabbits by in- 

jection of aqueous extracts of placenta or ovarian 

material. Subsequently they tried the effect of 

foetal/ 
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foetal extracts which apparently gave positive re- 

sults. They advanced the theory that the foetus 

secretes a substance which circulated in the blood and 

thus caused mammary growth. This theory was soon 

disproved by Heape (1906) who observed that the virgin 

bitch frequently produced sufficient milk to rear pups 

and he concluded the substance which stimulates the 

mammary growth is derived from the ovary rather than 

from the foetus. Frank and Unger (1911) also failed 

to produce any changes in the mammary gland of rats by 

injecting aqueous extracts of the foetus, while injec- 

tion of ovarian or pituitary extracts caused consider- 

able increase in gland development. 

The study of the factors affecting mammary growth 

progressed in matters of detail during the next 20 years 

but major advances were delayed until the knowledge 

gained in the interim of the actions of the chemically 

purified hormones of the ovary could be applied to this 

problem. 

The remainder of this review will consider the 

present/ 
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present knowledge with regard to mammary development. 

(b ) NORMAL DEVELOPMENT OF THE MAMMARY GLAND. 

(1) Effect of oestrous cycle. 

The growth of the duct system during the pre- 

pubertal period proceeds at a pace in harmony with 

general body growth. As puberty approaches, the 

mammary ducts begin to grow rapidly resulting in a 

dense arborization. 

Sutter (1921) claims that there is a relation be- 

tween the macroscopically observed appearance of the 

mammary gland and the stage of oestrus. During pro - 

oestrus the ducts of the gland display long slender 

branches with a few lightly staining buds along their 

course. At oestrus the small end buds show evidence 

of growth and further extensions appear. The end 

buds stain deeply and the ducts are markedly distended 

with fluid. If pregnancy or pseudopregnancy does 

not occur following ovulation, the gland undergoes 

slight retrogressive changes; however, as the next 

oestrus/ 
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oestrus approaches the glands show renewed evidence 

of proliferation. During the oestrous cycle, there 

is usually a growth of the duct system as an accompani- 

ment of oestrus. In this respect the rat differs 

from animals of the continuous oestrous cycle type, 

such as the ferret, rabbit ,and cat, in which ovulation 

occurs only after coitus; thus in the ferret, Hammond 

and Marshall (1930) observed that no mammary growth 

occurred during oestrus, prior to the formation of a 

corpus luteum, even when this period amounted to as 

much as five months. In the rabbit, as described by 

Ancel and Bouin (1911), a condition of continuous 

oestrus supervenes after puberty, but the mammary gland, 

which consists of a dense reticulation of ducts with 

terminal enlargement, remains static until after 

copulation. 

In the cow and guinea -pig, which have a cyclic 

period of fifteen to thirty days, i.e. of considerably 

greater length than the rat, the longer period produced 

markedly greater growth of the alveoli: Loeb and 

Hesselberg/ 
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Hesselberg (1917) noted the proliferation of the gland 

at oestrus and ovulation in the guinea -pig, but a 

resting period when the corpus luteurn was well 

developed. Turner and Gomez (1933 a) confirmed 

these observations by examinations of whole mounts of 

the gland. While many duct buds were seen, the for- 

mation of alveoli was not observed in nulliparous 

females. The cyclic proliferation of the guinea -pig 

nipple has been noted (de Aberle 1929, 1934). Some- 

what similar observations on the mammary glands of 

virgin heifers obtained at various stages of the 192 

day oestrous cycle have been made by Hammond (1927). 

(2) Effect of pregnancy. 

A marked development of the mammary gland, how- 

ever, commences only with the, onset of pregnancy. In 

the rat, Roberts (1921) found that the gland reaches 

its maximum growth so far as the number of cells are 

concerned by the thirteenth day of pregnancy. From 

this time onwards there is an increase in the size of 

the vessels of the alveolus and an increase in the 

size/ 
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size of the cells up to the time of parturition. 

On the eighteenth day of pregnancy the capillaries 

supplying the blood to the alveoli are becoming great- 

ly dilated, and vacuolisation of the cytoplasm of the 

alveolar cells increases, indicating the development 

of secretory activity. There is some secretion into 

the lumina of the gland during pregnancy, which becomes 

abundant at the time of delivery. 

Similar changes occur in the mouse (Turner and 

Gomez (1933 b) cat, Turner and Demoss (1934) dog, 

Turner and Gomez (1936), and cow (Hammond 1927). 

All these studies showed that the mammary gland 

undergoes rapid hyperplasia during early pregnancy, 

whereas during the second half of pregnancy the gland 

enlarges owing to the accumulation of the secretory 

products. 

(3) Involution. 

As secretion declines, the mammary gland begins 

to return to a condition simpler than during lactation, 

although more complex than the original virgin state. 

The/ 
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The lobule alveolar system atrophies and the ducts 

become thin and comparatively achromatic on fixing 

and staining. In animals such as dairy cattle where 

the succeeding pregnancy and lactation overlap, the 

normal changes in the mammary gland have not been 

thoroughly studied. In such cases the stimulus to 

development of the lobule- alveolar system occurs in 

accordance with that of most other species during the 

first half to two thirds of pregnancy. 

Since most multiparous dairy cattle conceive from 

two to four months after parturition, a renewed 

stimulus to growth of mammary parenchyma occurs while 

the gland is secreting heavily and will be completed 

while production is declining. This overlapping has 

not been thoroughly investigated but the theory has 

been advanced that the lobule-alveolar system developed 

during the previous pregnancy, gradually regresses as 

cells are worn out and not replaced. The new develop- 

ment during the concurrent pregnancy then remains 

quiescent until the succeeding parturition. 

(c)/ 
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(c) EFFECT OF OESTROGENS UPON DEVELOPMENT 
OF THE MAMMARY GLAND. 

As a broad principle, it may be stated that 

administration of oestrogens under approximately 

physiological conditions into most species of 

immature experimental animals have been shown to cause 

development of the mammary duct system to the same 

extent as in mature virgin animals. Females cas- 

trated when immature, or males in which the mammary 

gland is normally rudimentary also respond to such 

treatment, but usually to a extent. 

In the rat Turner and Schultze (1931) noted that 

the administration of small amounts of oestrus- produc- 

ing hormone (one rat unit per day for several days) to 

castrated immature male or female rats produced exten- 

sion of the duct system, while with high doses (15 -20 

rat units per day) a limited proliferation of the lob- 

ule resulted. Halpern and D'Amour (1934) administered 

relatively large amounts of oestrin in divided doses 

over considerable periods of time (5 R.U. of oestrin 

were/ 



were given daily for three weeks and 20 R.U. were also 

given for four weeks snore) and observed varying de- 

grees of alveolar development in individual rats. 

Histological examination showed a flattened epithelium, 

prominent vacuolisation and alveoli distended with 

fluid containing many fat droplets and numerous free 

vacuolated cells. 

Experimental evidence showing that oestrogens aff- 

ect mammary duct growth is available for several 

species, including the mouse, Turner and Gomez (1934), 

rabbit, Turner and Frank (1932) cat, Turner and De 

Moss (1934). 

Injection of large amounts of oestrogens over 

long periods has a deleterious effect on the mammary 

gland. McEuen, Selye and Collip (1936) have injected 

rats with 30 gamma of oestrone daily for over 10 

months and observed cystic distention of the mammary 

duct development. 

(d)/ 
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(d) OESTROGENS INJECTED INTO HYPOPHYSECTOMISED 
ANIMALS FAIL TO CAUSE GROWTH OF THE 

GLAND. 

The. mode of action of oestrogens in stimulating 

the growth of the duct system of the mammary gland 

has been the subject of further investigation to 

determine whether oestrogens act directly on the epi- 

thelium of the mammary gland or indirectly by influ- 

encing the pituitary. All recent observations noted 

below report negative results as to the effect of 

oestrogens in producing mammary proliferation in hypo - 

physectomised animals. 

Reece, Turner, and Hill (1936) have shown in 

hypophysectomised rats that no mammary development 

occurred in immature female or male rats given 25 to 

500 I.U. of oestradiol benzoate daily for a period of 

15 -45 days. Control rats and several with incomplete 

hypophysectomy developed extensive mammary duct system 

with numerous end buds showing rapid proliferation, 

under the same conditions. The mammary glands of 

seven hypophysectomized male and female castrated rats 

showed/ 
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showed no stimulation when given 20 to 100 I.U. of 

oestrone daily for 20 -45 days. Three with incomplete 

operations showed duct development (Gomez and Turner, 

1937). That the action of oestrogen is indirect and 

through the pituitary has recently been further con- 

firmed by Herold and Effkemann (1939) who reported 

that oestrogen administration was ineffective in male 

and castrated female rats in which the pituitary stalk 

had been cut, thus severing the nervous oonnection be- 

tween the pituitary and the mid -brain. The theory 

was advanced that oestrogen stimulation reached the 

diencephalon through the blood and there initiated 

nervous impulses which travelled through the pituitary 

stalk. These impulses then caused the anterior 

pituitary to secrete a mammary growth factor. 

In the mouse Gomez et al. (1937) reported that 

if even two to eight per cent of pituitary remained 

after hypophysectomy, mammary response was good after 

oestrogen administration to male mice. 

Thirteen completely hypophysectomised mice failed 

to/ 
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to exhibit mammary hyperplasia after injection of 50 

I.U. of oestrogen daily for 20 to 69 days (Gomez and 

Turner, 1937). 

Hypophysectomised male mice implanted with crystals 

of oestrone subcutaneously showed no stimulation of the 

mammary gland growth after a period of 152 days. 

Also, litters of mice which showed cystic hyperplasia 

of the mammary glands when 50 gamma of oestrone benzo- 

ate was smeared daily on the skin from a few days after 

birth to two to three months of age, exhibited rapid 

regression of the mammary gland following hypophysecto- 

my, in spite of continued application of oestrone 

(Lacassagne and Raynaud, 1939). 

Gomez and Turner (1936) have obtained a consider- 

able development of the nipples, but no mammary hyper - 

plasia in hypophysectomised guinea -pigs injected with 

oestrone. 

In other species such as the cat, rabbit, and 

ground squirrel, Gomez and Turner (1937) were able to 

demonstrate the lack of mammary proliferation after 

hypophysectomy/ 
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hypophysectomy in spite of oestrin treatment. It 

can therefore be stated that oestrogens have two dis- 

tinct effects on hypophysectomised animals. (1) They 

stimulate the growth of the epithelium of the genital 

tract as shown by Smith, Tyndale and Engle (1936) on 

the monkey; (2) as shown above, they have no effect 

on the mammary epithelium. This leads to the con- 

clusion that oestrogens stimulate the pituitary either 

to produce hormones which cause mammary growth, or to 

produce hormones supplementing their own action. 

This latter view has been eliminated in ingenious 

experiments described below. 

elye and Collip (1936) injected crude alkaline 

extracts of sheep's pituitary with or without oestrone 

into female rats. In hypophysectomised animals no 

appreciable mammary growth occurred in any case, but 

similar treatment of the intact animals showed that 

the oestrone very markedly synergised the action of 

the pituitary extract on the mammary gland. Further- 

more, mammary growth was absent in hypophysectomised 

animals/ 
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animals even when the ovaries were as large ás, or 

larger than, the normal. These experiments appear 

definitely to exclude any direct effect of the oestro- 

genic hormones on the mammae or an effect on them 

through the mediation of the ovary, and show the 

indispensable part played by the pituitary. 

With hypophysectomised guinea -pigs Gomez, Turner 

and Reece (1937) observed that daily implants of 

pituitaries from other pigs which had previously been 

treated with oestrogen proved effective in stimulating 

the growth and development of the mammary gland com- 

plex. They concluded that oestrogens might act upon 

the pituitary, causing the elaboration of a principle 

either not present, or present only in small amounts, 

in the pituitaries of animals not stimulated by oestro- 

gens. 

Lewis and Turner (1938) claim to have succeeded 

in extracting,by lipoid solvents such as alcohol and 

ether, the mammogenic hormone, as they term it, from 

pituitaries of animals treated with oestrone: 

implantation/ 



-17- 

implantation of such extracted pituitaries with normal 

animals failed to produce a mammary response. 

Effect of testosterone on the mammary gland. 

Since the work of Butenandt and Hanisch (1935) who 

showed that certain androgenic compounds exert an 

action on the female sex organs, investigators have 

become interested in the action of the male hormone on 

the mammary gland. The effect is, in general, of the 

same nature as in the case of the female sex hormones, 

but as might be expected in view of the different res- 

it quantitatively less efficient when applied 

in the opposite sex. By the use of somewhat exaggera- 

ted closes, the male hormone may be shown to exert a 

stimulative action on the gland. Selye, McEuen 

and Collip (1936) using crystalline synthetic testoster- 

one benzoate were able to demonstrate slight development 

of mammary tissue and marked milk secretion in immature 

males and females in both normal and castrated rats. 

Later, McEuen, Selye and Collip (1937) have shown 

that testosterone has no effect on the mammary gland 

after/ 
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after hypophysectoray. Noble (1939) using a testos- 

terone propionate confirmed the above results and 

observed that nipple growth could be obtained in the 

absence of the pituitary gland in immature rats from 

which he deduced that testosterone propionate acts 

directly on the nipple but not on the mammary gland. 

(e) INHIBITION OF LACTATION. 

(1) By oestrogens. The effect of oestrogenic 

substances is not limited only to producing growth of 

the mammary gland; many workers have observed its 

antagonistic effect on lactating animals. Hammond 

was among the pioneers in this subject; Hammond and 

Saunders (1923) in their studies on the factors affect- 

ing milk yield in the cow, found that pregnancy hastens 

the decline of milk yield. This effect is very marked 

about the fifth month of pregnancy. They suggested 

that the decrease in milk yield at this period may be 

due to growth changes which are occurring in the gland 

as a result of the high level of oestrogenic hormone 

then/ 
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then circulating in the system; that is, the gland, 

instead of using its energy in secretory functiohs, 

employs it in building up new tissue and thus causes 

a decline in the milk yield. 

Parkes and Bellerby (1926 -27) have observed that 

in the mouse the secretory phase of the mammary gland 

is, to some extent, controlled by the oestrogenic hor- 

mones. Using crude extracts of these hormones, in- 

jected into lactating mice, they were able to show 

that the growth rates of the litters wGas:: smaller than 

those of controls. 

De Jongh (1933) reported the death of the majority 

of the young when 250 mouse units of oestrin in oil 

were injected twice daily. Later, Anselmino and 

Hoffman (1936) using 1000 international units in similar 

experiments reported the death of seven litters out of 

ten while the surviving three were stunted in growth. 

Hain (1935) has recorded the inhibitory effect 

of oestrous hormone on the lactating rat. A given 

amount of oestrone had a more marked inhibitory effect 

on the growth of small litters than of large ones and 

the/ 
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the inhibitory effect was not directly proportional to 

the dose given. It was also suggested that as it 

was possible to demonstrate the presence of milk by 

squeezing the mother's teats, this inhibitory effect 

is not due to the cessation of milk secretion but due 

to the fact that the mother has changed her attitude 

towards the litter. It was also possible to demon- 

strate the presence of oestrous hormone in the mother's 

milk. 

Robson (1935), who elaborated the studies carried, 

out by Parkes and Bellerby (1926 -27) on the mouse, using 

crystalline hormone was able to confirm the inhibitory 

effect on lactation, but he observed that once the in- 

jections were stopped, resumption of the secretory 

activity and a sudden well- marked rise in the growth 

of the individuals in the litter occurred, and this was 

much more rapid than in normal animals. The dose of 

hormone administered (0.05 mgm. twice daily or 0.1 mgm. 

daily) far exceeds the probable amount of this hormone 

present during the latter stages of pregnancy. 

In/ 
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In the guinea -pig, Nelson (1934) injected five 

animals with 100 -125 R.U. of oestrogen beginning at 

parturition. In each case milk secretion ceased for 

a while but was resumed after treatment stopped. 

Results pointing in the same direction are those of 

Copel.d (1929) who from a statistical examination of a 

large number of bovine milk records concluded that a 

slight decrease in milk occurs during oestrus, and 

those of Staffe (1930) who found conversely that the 

milk yields of ovariectomised cows exceeded that of 

controls. 

The above experiments on the administration of 

oestrogenic hormone suffer from the defect that the 

small experimental animals used are not well adapted 

to quantitative studies on milk secretion, since with 

such animals the effect of the experimental treatment 

can only be indirectly inferred from observation on 

the growth rate of the young. 

In the goat, De Fremery (1934) administered 200. 

000 international units of oestrogenic substances to 

a/ 
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a lactating doe, causing a rapid decline in the volume 

of the milk; when the oestrogen treatment was stopped 

milk secretion returned to its normal level. Folley 

(1936) has further explored the subject using lactating 

cows. He found that oestrogenic hormone caused a con- 

siderable inhibition of lactation as indicated by the 

lessened milk yield. The inhibition was temporary 

and could be explained by a high level of oestrogenic 

hormone in the blood. He also examined the effect of 

oestrogens on the composition of milk and observed that 

the milk of cows treated with oestrogenic hormones con- 

tained considerably higher percentages of fat and solids - 

not -fats than before treatment. With high doses this 

effect lasted for 2 -3 months. In three cases tested, 

oestrogenic treatment had no effect on the nitrogen 

partition, showing that the experimental treatment had 

not caused the secretion of colostrum. 

The experiments cited above have been used by 

Nelson (1936) to develop a theory of the oestrogenic 

inhibition of lactation (a) by direct action upon 

the/ 
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the mammary gland and (b) by inhibiting the secretion 

of the lactogenic hormone by the pituitary. 

With regard to (a) no evidence has been advanced 

in its favour, and the results of hypophysectomy 

appear to be against it. The theory in form (b) 

assumes that, with the fall in level of the ovarian 

hormones in the blood which occurs after parturition, 

the inhibitory effect'is removed and milk secretion 

begins. Several objections can be made to this 

simple version of lactation; in many species, such 

as the mouse, rat, rabbit, goat, cow, and human, a 

new pregnancy may be induced shortly after parturition 

while lactation continues at a level sufficient to 

rear the young. In the case of the dairy cow, cited 

in support of the theory, where at the fifth month 

of the following pregnancy the milk yield rapidly 

declines, it may be argued that it is the nutritive 

demands of the foetus, rather than the oestrogenic 

inhibition due to its presence, which is responsible 

for the decline: moreover `burner (1931) has remarked 

that/ 
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that the nulliparous heifers, twenty days before the 

birth of the first calf, begin to show an increased 

milk production. Nelson's theory also has to meet 

objections based on the lactogenic assay of the 

pituitary. Reece and Turner (1937 b) claim that 

oestrogens do not suppress the secretion of the hypo - 

physeal lactogenic hormone during pregnancy, since the 

lactogenic hormone content of the pituitaries of preg- 

nant rats was estimated by them to be lower than that 

of oestrous females, while injection of oestrogens into 

spayed female rats increased the lactogenic hormone con- 

tent of their pituitary over that of controls. The 

contradiction might be resolved by determining the 

amount of lactogen circulating in the blood under the 

various conditions, but this determination has not yet 

become a practicable proposition. 

(2) Inhibition of lactation by synthetic 

oestrogens. In view of the discovery by Dodds and 

his co- workers (1937) that certain comparatively 

simple synthetic substances possess oestrogenic proper- 

ties/ 
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properties, it has become of interest to determine 

whether these substances exert an inhibitory action 

on the milk yield. Folley and Watson (1938) using 

diethylstilboestrol found that this substance inhibi- 

ted the response of the pigeon crop gland to prolactin, 

and it also inhibited lactation in rats as judged by 

the growth rate of their litters. They have also 

shown that in the lactating cow it does not affect the 

milk yield markedly but has a definite effect on the 

content of fat and solids -not -fat. The latter effect 

was in part due to an increase in lactose content, 

which suggests that the treatment does not cause a 

change from a normal to a colostrum type of secretion. 

Noble (1939) using stilboestrol orally administered 

to rats showed that it inhibited lactation, which 

returned to normal when the stilboestrol injections 

were discontinued. 

MacPherson and Robertson (1939) observed that tri- 

phenyl-chlorethylene was able to bring about inhibition 

of the milk secretion in human cases. 

(3). Inhibition of lactation by testosterone. 

Finally,/ 
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Finally, it may be noted that Robson (1938 a) has 

also determined the inhibitory effect of testosterone 

on lactation in the mouse. Folley and Kon (1939) 

have demonstrated that it also produced inhibition in 

the rat. Androsterone, the naturally occurring male 

hormone, was tested in the earlier experiments of 

Nelson and Gallagher (1936) and appeared to have no 

inhibitory effect on lactation, nor did it produce 

mammary proliferation, but the concentrations used 

were less than with the synthetic substances. 

It may be deduced from the experiments referred 

to above that the inhibition of milk secretion ob- 

served in the various animals after treatment with 

natural or synthetic oestrogens is explicable on the 

following grounds: 

1. Oestrin produces a highly nervous condition 

associated with the production of "heat" which inter- 

feres with the production of milk and causes this 

apparent but not real suppression of milk secretion 

(Hain 1935). Against this theory it must be 

remembered/ 
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remembered that other substances such as testosterone 

inhibit milk secretion as shown by Folley and Kon 

(1938), yet do not produce "heat "). 

2. The proliferatory action of oestrin on the 

lactating mammary gland causes it to divert its 

energy into the building up of new tissue, thus inter- 

fering with its secretory activity. This theory is 

supported by the observations of Folley and Kon (1938) 

who have compared the effect of various sex hormones on 

lactating rats. Androsterone is apparently ineffective 

in producing mammary proliferation (Nelson and 

Gallagher, 1936); testosterone causes mammary growth 

( Selye, McEuen and Collip, 1936); oestrogens are 

considerably more effective. Polley and Kon (1938) 

found that the effect in inhibiting lactation paral- 

leled the growth response and pointed out this striking 

correlation between the inhibition of lactation and the 

growth of the mammary gland. 

DEVELOPMENT OP MANOMETRIC TECHNIQUE. 

The development of physiology as an exact science 

has/ 
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has been largely conditioned by refinement in the 

method of measurement of metabolic processes. Arti- 

ficial perfusion of whole organs was commenced by 

Ludwig in the middle of the last century, and many 

improvements of biochemical technique both in vivo and 

in vitro followed, but the micro determination of res- 

piratory function in excised samples is a comparatively 

recent advances due to the efforts of Warburg and his 

school, and of Barcroft and co- workers. In spite of 

the complexity of the Warburg micro -respiration method, 

both in the apparatus and the interpretation of the 

results derived therefrom, it has enabled advances to 

be made in directions not otherwise possible. 

A brief account of some recent experiments carried 

out by the micro -manometric method, which have some 

bearing upon the problem studied, is given below. 

Metabolism of various tissues determined b mano- 

metric technique. Khayyal and Scott (1931) and King 

(1932) found that the oxygen uptake of the rat's uter- 

us increased before ovulation. David (1931), and 

Aschheim/ 
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Aschheim and Gesenius (1933) observed similar changes 

following the injection of oestrin. Khayyal and 

Scott (1935) claimed an increase in oxygen uptake in 

the rat's uterus following the injection of follicular 

fluid, but not following on injection of the pure 

hormone. Kerly (1937) observed cyclic changes in 

both anaerobic and aerobic glycolysis in the rat 

uterus. Anaerobic glycolysis was highest during 

late dioestrus or early proestrus and lowest during 

oestrus. 

Brouha and Dubuisson (1938) studied the respira- 

tory metabolism of ovarian tissue of the rat and found 

distinct differences according to whether they compared 

the prepubertal with the adult ovary, or different 

stages of the sexual cycle. Oxygen consumption was 

low in the infantile animal but rose gradually until 

puberty, when a marked further increase was observed. 

Respiration was lowest in proestrus, and increased pro- 

gressively through oestrus and metoestrus to dioestrus, 

when it reached its highest value. 

In/ 
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In the rat's pituitary the oxygen consumption was 

found to be increased during oestrus and it was lowest 

during proestrus and in castrated rats (Victor, Ander- 

son and Prest, 1936). Later these authors (1937) 

studied the respiratory metabolism of the liver, kid- 

ney, and anterior pituitary lobe of female rats at 

different stages (at the 18th day of pregnancy, at 

parturition and at the 21st day of lactation). The 

mean respiration rate of the liver was higher during 

pregnancy. They have also found a decreasing order 

of respiratory activity in the anterior pituitary in 

various reproductive states (in the descending order, 

parturition, lactation, pregnancy). Yith regard to 

the kidney they found that its highest respiratory 

rate was on the 21st day of lactation. 

Victor and Anderson (1938) found that the removal 

of the ovaries caused a depression of oxygen consump- 

tion in rat liver tissue of 19;-6 but was without effect 

upon that of the kidney cortex. Removal of the ovar- 

ies plus removal of the thyroid caused a depression of 

25%/ 
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25 =s in rate of oxygen consumption by the liver and 

was without any effect on that of the kidney cortex. 

Anderson and Victor (1938) studied the effect of 

injection of oestrin on the respiratory rate of the 

liver, pituitary and kidney. They found that the 

respiratory rate of the pituitary increased six hours 

after the injection and returned to the untreated 

level in twelve hours. The metabolism of the liver 

of spayed rats increased significantly on the third 

day after treatment with injections of oestrin but on 

the fourth day it returned to the original level. 

With similar treatment the kidney metabolism did not 

change appreciably. The effect on the liver, unlike 

that on the anterior pituitary, occurred only in vivo. 

SUMMARY OF REVIEW OF LITERATURE. 

The process of lactation following normal par- 

turition has been shown to be profoundly modified by 

various hormone factors. The introduction of the 

sex hormones, female or male, is definitely antagonis- 

tic to the continuance of lactation, and this antag- 

onism is proportional to their amount and efficiency 

as/ 
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as oestrogenic agents, being least for the male hor- 

mone and greatest for the synthetic oestrogens. 

Though the mode of action of these substances in 

promoting mammary growth remains obscure, it is evident 

that the pituitary plays the part of an essential inter- 

mediary, since in hypophysectomised animals the oestro- 

genic hormones are quite without effect on the mammary 

gland. 

Object of the experimental work. 

It was considered desirable to test the effect of 

the hormones upon the mammary gland by determining the 

oxygen consumption of material obtained from animals in 

various stages of the reproductive cycle. A control 

group of animals in similar stages without the hormone 

treatment was employed to determine the average oxygen 

consumption. The hormones used included male and fe- 

male types, and in the second case a comparison of the 

natural and synthetic products was included. It was 

also desirable to find the effect of oestradiol in 

vitro/ 
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vitro on the mammary gland, a possibility not entirely 

ruled out by previous observations. The experiments 

were planned to reveal differences in behaviour, and 

only the lines along which these differences were 

marked and definite were intensively pursued. 
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EXPERIMENTAL ANIMALS. 

Wistar (albino) and hooded (black and white) rats 

from the stock kept at this Institute were used in the 

experiments. They were fed on the standard diet 

used for rats with supplements of milk every day, and 

green cabbage once weekly. 

They were examined every morning for the vaginal 

plug as a sign of coitus; those showing the plug were 

placed in separate cages and the date of coitus noted. 

They were examined thereafter at intervals for the 

placental sign, and regularly weighed, only those 

showing a regular increase in weight, as in a normal 

pregnancy, being accepted as satisfactory. The 

experimental animals were divided into three groups 

according to the purpose of study: 

(1). Prepartum group. Glands were taken from 

these animals, twenty days after the vaginal plug was 

first observed. A post morteni dissection was made to 

ensure that the pregnancy was normal. No abnormali- 

ties were observed. 

(2)/ 
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(2) Post Partum group. Glands were taken from 

animals that had suckled their young for six days: 

they were killed on the seventh day after giving birth 

to the litter. This group further subdivided into: 

(a) Normally lactating rats. (b) Rats treated with 

oestradiol (injected from day 2 to day 6 inclusive). 

(c) Rats treated with triphenylethylene (single injec- 

tion on day 2). (d) Rats treated with testosterone 

propionate(injected from day 2 to day 6 inclusive). 

They were kept under a constant suckling stimulus, 

i.e. the number of young in the litter was always six. 

Where the rats had litters of more than six, the sur- 

plus young were removed; rats with litters of less 

than six had the deficiency made up from other females. 

(3) Weaning group. They were kept under a 

standard suckling stimulus (as in group 2) and the 

litters were removed after three weeks. 

They were divided into: (a) Normal weaners killed 

on the 11th day after weaning. (b) Oestradiol treated 

weaners. (Oestradiol treatment was started on the 5th 

day/ 
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day after weaning and lasted for a period of five 

days. They were killed on the 11th day). 

Constant sucklin stimulus in rouDs 2 and 3. 

The suckling stimulus is kept constant as most 

investigators have considered it likely that suckling 

induces secretion of prolactin by nervous stimulation 

of the pituitary. It has been shown by Reece and 

Turner (1937 a) that the nervous stimulation of nurs- 

ing, with or without the removal of milk, caused a 

rapid discharge of the lactogenic hormone from the 

rat's pituitary. Selye (1934), Selye, Collip and 

Thomson (1934), and Selye and McKeown (1934) consider 

that the act of suckling causes the discharge of 

lactogenic hormone of the pituitary and thus maintains 

the lactation in rats and mice. The work of Desclin 

(1936) is of interest in this connection since he has 

shown that in ovariectomised rats the day after par- 

turition, a pituitary picture is found histologically 

identical with those found in pregnant rats, while 

those without litters had a pituitary appearance 

typical;' 
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typical of castrated individuals. The maintenance 

of the histological picture of the pituitary can be 

attributed to nervous influences from the mammae 

caused by suckling. It is probable that the histo- 

logical appearance of the pituitary may bear some 

relation to the role of the pituitary in maintaining 

lactation. 

PROCEDURE IN THE HORMONE TREATED RATS OF 
GROUPS 2 AND 3. 

(a) Oestradiol treatment. Crystalline oestra- 

diol was used for injection. It was carefully weighed 

on a microbalance and dissolved in an accurately 

measured quantity of absolute alcohol and stored in a 

refrigerator. The amount required for injection was 

pipetted out from the alcoholic solution and 2.5 c.c. 

of arachis oil was added to each equivalent of 250 gamma 

of oestradiol. The alcohol was evaporated off on a 

water bath. The injections were made twice daily 

using 0.25 c.c. of the oily solution for a period of 

five days, starting at the 2nd day after parturition 

in/ 
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in the case of the post part um group, or from the 

sixth to tenth day after weaning in group 3. This 

dose is equivalent to 50 gamma of oestradiol per day 

or a total dosage of 250 gamma per rat. 

(b) Triphenylethylene treatment. 0.25 gm. of 

triphenylethylene was weighed out (to 0.1 mg.), 

dissolved in 0.5 c.c. of arachis oil by warming in a 

water bath, and injected subcutaneously into a rat 

of group 2 one day after giving birth. On the seventh 

day after parturition the animal was killed. 

(c) Testosterone ronionate treatment. The total 

dose was 5 mg. of testosterone propionate given in five 
day 

daily doses of 1 mg. from the second to the sixth ̂ after 

birth. "Perandren" (Ciba brand of testosterone pro- 

pionate), in 1 c.c. ampoules each containing 5 mg. was 

used at the dose of 0.2 c.c. per rat per day. 

METHOD USED FOR STUDYING TISSUE METABOLISM. 

The second method of Dickens and Situer (1931) was 

first tried in studying the metabolism of the mammary 

gland/ 
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gland. The medium was bicarbonate -Ringer solution 

equilibrated with 5;9 CO 
2 
-95',4 02 mixture. The oxygen 

uptake, the CO2 production and the glycolysis could 

be determined and hence the true respiratory quotient 

under physiological conditions could be deduced. 

This method proved unsatisfactory, since the addition 

of acid caused the evolution of widely varying volumes 

of carbon dioxide in successive experiments, or even 

in one and the same experiment. It was concluded 

that the tissue contained a variable amount of bases 

and carbonate probably related to its secretory func- 

tion, and inconstant in amount. It was therefore 

decided to adopt the direct method in which the oxygen 

uptake only is measured: the carbon dioxide evolved 

is absorbed by alkali (usually 20% KOH) so that the 

observed change in the volume of gas in the flask 

gives the oxygen absorption directly. The disadvan- 

tages of this method are: (1) that it gives only the 

oxygen uptake, (2) and that it cannot be used with 

solutions containing bicarbonate as the PH rapidly 

becomes/ 
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becomes too high owing to the absorption of 002 from 

the solution by the alkali in the absorption chamber. 

The reduction of bicarbonate in the tissue makes the 

environment unphysiological. However, this method 

is widely used and it may be accepted with suitable 

reservations. 

The detailed consideration of the method follows, 

and may be discussed under the following heads: 

A. Calibration of the apparatus and determination 

of its physical constant. 

B. The medium and its added hormone. 

C. Preparation of the tissue slices. 

D. Experimental procedure. 

A (1) . Calibration of the apparatus. 

Since the flasks are not of the same capacity, the 

value of the constant must be determined. The follow- 

ing procedure is adopted: 

(i). The flask (with its taps closed) is filled 

with mercury. 

(ii). The manometer is inserted in the neck of the 

flask and the mercury is allowed to rise in the stem. 

Its level is marked with a piece of gummed paper. 

Care/ 
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Care is taken not to allow any air bubbles in the 

flask. 

(iii). The taps of the manometer are closed and 

the manometer is filled with mercury from the mark 

made on its stem to the 150 mark. 

(iv). The temperature of the mercury is recorded, 

it is then run off into a tared beaker, and from the 

mass (M. gm.) of mercury, the apparent volume of the 

flask is: MX 103 from 
lTg density of Hg. at the given tu 

which the constant K for the particular flask is deter- 

mined as shown below. 

A (2). Calculation of the constant. 

The volume is expressed in c. mm., the reading 

of the manometer stem in mm., all pressures in mm. of 

the Brodie solution and all quantities of gas in c.mm. 

of dry gas at N.T.P. 

K = 

273 
V . T + V Ed 

Po 

where Vg. = the volume of the gas space in the vessel 

(which must include the connecting and manometer tubes 

down/ 



-42- 

down to the 150 mark); T = absolute temperature of the 

water bath which is usually 37° C. = 273 + 37 = 310 °; 

VF = volume of the liquid placed in the flask, usually 

1500 c.mm. Ringer and 400 c.mm. of 20% KOH; Po = 

the normal pressure in ram. of manometric fluid, Po 

760 
13.60 

where D is the density of Brodie's solution 

(manometric fluid) D _ 1.032; et= solubility of the 

evolved oxygen at 37° C. expressed as c.mm. of oxygen 

(at N.T.P. ) dissolved in 1.0 c.mm. of liquid when in 

equilibrium with a partial pressure of the gas equal 

to Po. 

B. Medium. 

A Ringer solution buffered with phosphate as 

described by Dickens and Cirner was used, made up of 

100 c.c. of 0.9% solution of sodium chloride, 2 a. c. 

1.16% calcium chloride and 2 c.c. 1.13% potassium 

chloride and 2 c. c. of 10% glucose mixed together 

and boiled for 15 minutes, allowed to cool in an atmos- 

phere of oxygen free from carbon dioxide, and made up 

to the original volume with distilled water free from 

carbon/ 
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carbon dioxide. 

The phosphate buffer was made up of 2.43 gm. 

NaHPO4 and 12.68 gm. Na2HPO4 (anhydrous salts) in a 

litre of water free from carbon dioxide. The phos- 

phate buffer stock was kept in a bottle with a soda 

lime trap to prevent any contamination with carbon 

dioxide. 100 c.c. of the Ringer solution and 10 c.c. 

of the phosphate buffer were mixed to provide a stock 

solution for each day's experiment, as described by 

Dickens and 8imer (1930). 

Making up Ringer solution containing oestradiol. 

This offers a certain difficulty since oestradiol is 

slightly soluble in water. 

The technique originally suggested by Anderson 

and Victor (1937) was tried: the crystalline hormone 

was dissolved in 2N NaOH and then the solution was 

carefully neutralised with an equal volume of 2N HC1. 

This method was unsuccessful since large amounts of 

oestradiol were thrown down as a flocculent precipitate: 

there is also the objection that the addition of NaOH 

and/ 
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and HC1 might upset the ionic equilibrium of the 

Ringer solution. 

However, it was thought possible to dissolve the 

oestradiol in a small volume of alcohol, which could 

then be added to the Ringer solution. This also 

proved unsatisfactory since the dilution of the alco- 

holic oestrin solution caused a flocculent precipitate 

to appear. This method would also have the drawback 

of introducing a small amount of alcohol into the 

respirometer, which might interfere with the respira- 

tion of the tissue. The adopted 

(suggested by Professor Marrian) was that of boiling 

some crystalline hormone with Ringer solution (without 

the addition of the phosphate buffer) for a period of 

half an hour under a reflux condenser, cooling, filter- 

ing, and adding the buffer solution in the usual 

manner. 

The actual concentration of oestradiol in the 

solution was determined biologically by the standard 

vaginal smear method. 1 c. c. of the Ringer solution 

which/ 
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which was saturated with oestradiol by the above 

method was diluted to 20 c.c. with distilled water, 

and fractions of 0.25 c.c. injected into mice twice 

daily for two successive days. The vaginal smears 

were examined as described by Robson (1938 b) and the 

degree of cornification so obtained compared with the 

standard curve. The actual figure was 0.1 gamma per 

c.c. of standard Ringer solution. 

C. Preparation of slices for use in the manometric 

apparatus. 

The rat was killed by a'blow on the head, the 

mammary gland was excised (both inguinal and abdominal 

glands were used) and put immediately into Ringer 

solution. It was freed from connective tissue as far 

as possible with scissors and forceps. A small cen- 

tral portion of the gland was removed to an inverted 

petrie dish on which several layers of filter paper 

soaked with Ringer solution were placed. A micro- 

scope slide with its under side ground was placed flat 

on the tissue and then by means of a sharp razor blade 

thin slices were cut from the material thus held under 

slight/ 
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slight compression (as described by Bach and Holmes, 

1937). This was rendered necessary by the fact that 

the consistency of the material makes it impossible to 

cut it free hand. 

The first two or three slices were rejected: the 

remainder, excepting any abnormally thick ones, were 

used for the experiment. They were washed in Ringer 

to remove fat globules etc., and placed in the flask. 

They were weighed after the experiment was performed 

(see p.14-4 ). 

D. Experimental procedure. 

The water bath of the apparatus was brought to 

37 c.c. and its temperature was held steady to ± 0.1 

c.c. by an ether thermostat. The stirring apparatus 

was set in motion a quarter of an hour before starting 

the experiment so as to ensure an even temperature 

throughout the bath. 

The flask (see diagram I) was chemically cleaned 

and dried and then a layer of melted rubber grease was 

applied/ 
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Diagram (1). 
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applied to the stopper (b) which was revolved in its 

place several times so as to distribute it evenly. 

A strong rubber band was put round the lugs to keep 

it tightly in place. 

Then the stopper (a) was fixed in position after 

applying rubber grease. A folded piece of Whatman 

(starch free) paper was put in the compartment (d). 

1.5 of Ringer solution was put in the inner com- 

partment (c). The volumes are accurately determined by 

2 c.c. pipettes graduated to 0.02 c. c. , and the volume 

delivered by blowing out. The slices of were 

placed in (c) and finally 0.4 c.c. 20% KOH was run on 

to the paper in (d). 

When attaching the flasks to their manometers it 

was best to apply three or four spots of anhydrous 

lanoline with a glass rod and then press the flask 

gently into place without rotating it. The flasks, 

with their gas outlets and manometers open, were then 

placed in the water bath. 

A current of pure oxygen from a cylinder was 

allowed/ 
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allowed to pass through the flasks for ten minutes 

while the shaking apparatus was working, after which 

the flask stoppers were closed, then the manometer 

taps were closed, and the system was shaken for ten 

minutes to attain equilibrium. During this time the 

flasks were rotated round the ground joints of the 

manometers to make sure that they were fixed properly. 

After establishing equilibrium by adjusting the liquid 

volume in the right hand limb of the manometer to 150, 

manometer readings were taken at 10 minute intervals 

for a period of exactly one hour, the apparatus being 

shaken the whole time. At the end of this period the 

taps were opened, the respirometer removed from the 

bath and the PH of the Ringer was tested by adding a 

few drops of phenol red indicator;if the reaction Was 

markedly different from normal, the result was rejec- 

ted. The tissue slices were removed by means of very 

fine forceps and washed in distilled water. 

Drying the slices. The slices after being washed 

are freed from surplus moisture by blotting on filter 

paper/ 
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paper and then placed in a small tared watch glass in 

which they are dried in an electric oven (at 1100 C.) 

for a period of 60 minutes and then weighed. The 

drying process is repeated several times until constant 

weight of the tissue is obtained. The flasks are then 

cleaned with hot water to remove excess grease and then 

immersed for 20 minutes in a sulphuric -bichromate 

cleaning mixture, then washed again with water and 

finally with distilled water and dried. 

For each experiment at least three respirometers 

are used and an extra respirometer is used to record 

any change in the barometric pressure. This is called 

"the thermobarometer ". It contains only about 2 c.c. 

water, and any change in its reading is subtracted from 

the readings of the respirometers taken at the same 

time, thus eliminating errors due to changes in baro- 

metric pressure or the temperature of the bath. 

Determination of the respiration rate. For each 

respirometer the change of the reading is recorded, and 

after it has been corrected according to the change of 

the/ 
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the thermobarometer, this is multiplied by the vessel 

constant to obtain the oxygen uptake of the whole 

piece of tissue. 

The amount of oxygen absorbed in one hour divided 

by the weight of tissue gives Q02 which is defined as 

the number of c. mm. of oxygen at N.T.P. per hour mg. 

dry weight of tissue. 
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RESULTS. 

Key to the Tables of ??esults. 

The following tables show the oxygen uptake of 

mammary gland under the conditions stated at the head 

of the table. Each experiment consists of a number 

of manometric determinations, usually three or four, 

performed on slices of excised mammary tissue from a 

single animal. The horizontal row of figures from 

each experiment is the oxygen uptake reduced to the 

standard of 1 mg. of dry tissue at 37° C. after making 

the thermobarometer correction for the particular 

experiment. Where the figures are not stated, the 

results have been rejected because (a) the readings of 

the manometer were either nil or abnormally high due 

to leakage; (b) bubble formation in the manometer; 

(c) the pH after the experiment was not within the 

range. At the foot of the table, the data is bummed 

under the heads: number of experiments, total number 

of manometric observations and the mean of all the 

determinations. The extreme figures in the observa- 

tions/ 
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observations are underlined. Following the separate 

tables is a summary and statistical treatment of the 

whole series. 

A diagram is also appended as a graphic repre- 

sentation of the results. 



-55- 

TABLE 1. 

(1) Oxygen uptake of mammary gland in the prepartum 
stage. 

Exp. 

1 

I 

3.2 

II III IV 

2 3 3 

3 2.7 2.2 

4 2.6 2.6 

5 2.6 2.4 2.4 2.3 

6 3 2.7 2.6 2.6 

7 2.5 2.3 2 2.1 

8 2 2 1.5 2.5 

9 2.1 2.2 2.1 2 

10 

11 

Nine experiments and 27 readings. 

Mean 2.4. 
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TABLE 2. 

(2) Oxygen uptake of lactating gland. 

(A1) N0rmal: 

Exp. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Glands 
No 

I 

7.3 

7.1 

7.4 

8.6 

8.5 

7.4 

7.8 

7 

excised 
hormone treatment. 

II 

7.7 

7.5 

9 

9.6 

7 days after 

III 

8.5 

8.2 

7.9 

8.9 

7.6 

5.9 

parturition: 

IV 

7.3 

7.5 

8.7 

8.2 

8.5 

7.2 

6.2 

7.6 7.6 

Twelve experiments and 27 readings. 

Mean 7.8. 
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TABLE 3. 

(2) Oxygen uptake of post partum group. 

(A2) :Normal glands: (i) untreated; (ii) treated with 
oestradiol in vitro from the same animal. 

Untreated Treated 

1 8.5 8.6 8.2 

2 7.4 (9.9) 7. 5 

3 7. 6 7.8 7.2 7.9 

4 7. 7 6.9 6.8 

mean 7.8 mean 7.5 
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TABLE 4. 

(2) 

Exp. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Oxygen uptake of post partum 

(B) Oestradiol Treatment. 

I II 

9.3 9 

9.9 10 

13.6 12.1 

12.8 12.6 

9.3 10.3 

10.2 10.6 

9.3 9.7 

10.2 10.6 

11 10.3 

13.1 13.4 

11 10.9 

12.2 13.1 

12.1 

group. 

III 

9.8 

10 

11.9 

12.6 

9.4 

12 

14 

IV 

10.6 

Thirteen experiments and 34 readings. 

Mean 11.1 
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TABLE 5. 

(2) 

Exp. 

Oxygen uptake of post partum group. 

(C) Triphenylethylene treatment. 

I II III IV 

1 13.5 14.9 14.1 14.4 

2 12.8 14.2 14 12.9 

3 11.2 13.8 12.6 12 

4 13.1 12.1 13.5 12.3 

5 12.1 12.2 12.7 12 

6 14.7 14 13.7 14.4 

7 14.1 13.2 12.4 

Seven experiments and 27 readings. 

Mean 13.3 
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TABLE 6. 

(2) 

Exp. 

1 

Oxygen uptake of post partum group. 

(D) Testosterone propionate treatment. 

I II III 

9.9 11.5 

IV 

2 10.6 10.8 9.7 10.6 

3 9.6 9.2 9.1 

4 9 9.7 10 

5 9.2 11. 7 9 10 

6 10.2 9.7 10 11.7 

7 9.9 8.3 10 

8 9.2 8.1 8 8.8 

9 9.6 8 9.5 

10 10 9.2 8 10 

11 8 8.8 8.1 9.8 

12 8.1 7.6 7.7 8 

Twelve experiments and 42 readings 

Mean 9.4 
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TABLE 7. 

(3) Oxygen uptake of mammary gland after weaning. 

Exp. 

(A) Normal weaner. 

I II III 

1 1.5 1.7 

2 1.2 1.6 

3 1.5 1.6 1.0 

4 1.9 1.4 1.0 

5 1.09 

Five experiments and 15 readings 

Mean 1.4 
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TABLE 8. 

(3) Oxygen uptake of mammary gland after weaning. 

Exp. 

1 

(B) Oestradiol 

I 

3.7 

treatment. 

II 

3 

III 

2 2.5 3.2 3.1 

3 2.5 2.5 2.1 

4 2.1. 2.1 

5 3 2.7 

6 2.0 2.3 

Six experiments and 14 readings 

Mean 2.6 
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TABLE 9. 

Statistical analysis of the results. 

One animal was used for each single experiment, 

and the number of observations is the total manometric 

readings obtained from these experiments. 

Treatment 
Total number Number of Mean and its 

of obser- standard 
experimental vations error 

animals 

Normal 
lactating 

Oestradiol 
in vivo 

Triphenyl 
ethylene 
in vivo 

Testosterone 
propionate 
in vivo 

prepartum 

Normal 
weaner 

", eaner 
oestradiol 

12 27 7.8 f .16 

13 34 11.1 ± .25 

7 27 13.2 ± .19 

12 

5 

6 

42 9.4 # .17 

27 2.4 ± .24 

15 1.4 ± .07 

14 2.6 ± .13 
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TABLE 10. 

INCREASE IN OXYGEN UPTAKE "WITH DIFFERENT 
TREATMENTS OF LACTATING RATS. 

Treatment Mean D ED t = yD P 

Normal lactating 7.8 - - - - 

Oestradiol 
treatment 11.1 3.3 .29 11.4 <.01 

Triphenylethylene 13.2 5.4 .25 21.6 <.01 

Testosterone 
propionate 9.4 1.6 .23 7.0 C.01 

D = difference between means corresponding to 
treated case and normal one. 

ED = standard error of difference D. 

P = probability taken from tables in Paterson 
(Statistical Technique of Agricultural 
Research, page 248). 
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TABLE 11. 

Increase in oxygen uptake with oestradiol treat- 
ment in the weaner stage. 

Treatment Mean D ED 
D 

t = ED P 

Normal weaner 

Oestradiol 
treated weaner 

1.4 

2.6 

- 

1.2 

- 

.15 

- 

8 

- 

<.01 
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STATISTICAL SIGNI.ICANCE OF THE DIFFERENCE. 

The ratio, t, of the difference D to its standard 

error ED is given in tables 10 and 11. The probabili- 

ty that this ratio could arise by chance is given in 

the last column and is obtained from the table of t 

given by Fisher (1936). Whenever this probability is 

less than 1 in 20, the difference is regarded as sig- 

nificant. 
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The effect of triphenylethylene on 
the growth of the mammary gland. 

As triphenylethylene is similar to the oestrogens 

in inhibiting lactation, it is of interest to examine 

its effect on the growth of the mammary ducts of the 

immature female rat. 

An experiment was carried out with six female 

rats thirty days old taken from one litter. Three 

of these rats were injected with 0.2 gm. triphenylethy- 

lene and the other three were used as controls. All 

rats were killed on the fourth day and whole mounts of 

the mammary glands were examined. The gland was fixed 

to a piece of strong paper with drawing pins and 

immersed in Bouin for twenty -four hours. Any excess 

of skin and connective tissue was removed carefully, 

and the whole gland was stained in Ehrlich's haema- 

toxylin for twenty -four hours. 

The final result showed that rats treated with 

triphenylethylene had well -developed mammary ducts 

while the controls did not show that effect. 
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DISCUSSION. 

The application of the micro -respirometer to the 

mammary gland has revealed a wide variation in the 

respiratory activity of the gland in the different 

phases of the reproductive cycle. The values obtained 

for the oxygen uptake of the gland in its non -secretory 

state are down to the lower extremity of the ranges 

which it is possible to determine with accuracy by 

means of the apparatus used, but the statistical anal- 

ysis of the results shows that they are nevertheless 

valid for the question of mammary metabolism about to 

be discussed. 

It is of interest, as no reference to work on 

tissue metabolism of the mammary gland can be found, 

to compare the values obtained in this study with those 

obtained in work on other tissues. It seems that the 

mammary gland, even in the actively secreting stage 

does not show a respiration rate of more than one third 

to three quarters of that of the majority of other 

tissues which have been examined by this means, while 

the/ 
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the lowest level found in these experiments is only 

about one fifth of that of the resting gland. A 

short list illustrates this point: 
Q02 

Mammary gland ( "weaner ") -1.4 

(lactating) -7.8 

Brain -11 

Liver -12 

Testis -12 

Retina -31 

This low level can probably be explained by the pre- 

ponderance of fibrous tissue in the structure of even 

actively secreting gland. 

Of greater interest than these preliminary obser- 

vations are the variations in 
Q02 

of the gland in 

different phases of activity. These variations are 

far beyond the range of experimental error and their 

size is somewhat surprising if the nature of the gland 

is not constantly kept in view. 

The base line for these observations has been the 

Q02 for the quiescent adult gland taken from rats 

which/ 
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which have lactated previously. This type of animal 

was chosen as the preparation of tissue slices from 

the virgin animals presented very great difficulty. 

The prepartum group represent glands at the point 

of maximum growth and secretory activity. The ratio 

of 
Q02 

in these three groups is 1 : 1.7 : 5.6. 

Secretory activity,. therefore, accounts for an in- 

crease in oxygen uptake almost six times that caused 

by normal maintenance requirements of the gland, a 

fact of great importance in considering the physiology 

of lactation. In the present study it has not been 

possible to assess the constituents of the tissue 

slices as glandular elements and stroma, but a mere 

increase in proportion of glandular tissue could not 

account for the increased metabolic rate, especially 

in the case of the lactating gland. The magnitude of 

the change in respiration from prepartum to lactation 

is greater than would have been expected, but can be 

readily understood. 

Prior to the work of Reece et al. (1940) the 

indications 
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indications were that the growth of the mammary gland 

in pregnancy was due to the high level of oestrogens 

in the circulation of the animal. This "cause and 

effect" relationship have given place to the concept 

that mammary growth and high level of oestrogen are 

both effects of a common cause, probably enhanced 

pituitary activity, the placenta entering into the 

scheme in a way not yet understood. This change in 

viewpoint does not alter the experimentally established 

fact that oestrogens administered to the intact animal 

do act as a motivator of the endocrine chain and pro- 

duce mammary growth. The work reported in this 

paper on the effect of administered oestrogens on 

mammary metabolism adds to the evidence of this effect, 

and it is of interest that oestrogen treatment of the 

weaner group gives results for mammary metabolism which 

compares closely with results obtained in pregnancy. 

The inevitable difference in results from administered 

oestrogen and from normal pregnancy do not allow fur- 

ther discussion of this marked similarity. 
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In vitro experiments using oestrogens have 

unfortunately added no evidence on the correlation of 

oestrogen and mammary growth to that already mentioned. 

The negative results are equivocal as no direct effect 

is anticipated, but on the other hand, failure to ob- 

tain an effect might be due to the duration of action 

being insufficient. It seems likely that the con- 

centration of oestradiol in the Ringer used in this 

work O. lgainma per c. c. would be high enough to obtain 

an effect if, assuming a direct effect, the time ele- 

ment 

In view of the greatly increased metabolism result- 

ing from secretory activity it is surprising to find 

that oestrogen treatment of the lactating animal which, 

though depressing secretory activity, yet produces an 

increase in oxygen uptake. In absolute terms the in- 

crease produced in the lactating gland is 3.3 against 

1.2 in the resting gland. The percentage increase, 

however, is 43% and 86% respectively. 

Without analysis of the tissue slices it is 

impossible/ 
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impossible to draw accurate conclusions as to what 

the increase in metabolism of the lactating gland 

represents. It is possible that the inhibition of 

lactation involves decrease of the proportion of the 

oxygen uptake due to secretion, this decrease being 

made good and the net metabolism being increased by 

the growth effect incumbant on the administration of 

oestrogen. Since the mammary gland is actively 

hyperaemic and the glandular elements undoubtedly 

higher in amount that in the resting gland, it seems 

feasible that the growth effect might be of the same 

order as in the resting gland, in other words 80 6, 

giving an absolute increase of 6. 6, double that ob- 

served. The proportion of the metabolism due to 

secretion could then be correspondingly decreased in 

proportion with inhibition of lactation. 

Whatever the explanation of the increase of meta- 

bolism of the lactating gland, it is not specifically 

an action of oestradiol. The correlation of chemical 

structure and biological effect has been the subject 

of/ 
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of many investigations on the cyclo- phenantherene 

compounds and the not obviously related compounds of 

the triphenylethylene type. The present work on 

administration of oestradiol, testosterone and tri- 

phenylethylene trap lactating animals provides another 

basis for such comparison. All three compounds have 

a stimulating effect on mammary growth, that of tri- 

phenylethylene having been demonstrated incidentally 

in the experimental work involved in this investigation. 

Their effect on mammary metabolism in the dosage used 

present striking differences, especially in the case 

of testosterone, which was given in the large dose of 

1 mg. daily. The small effect of testosterone on 

growth may be correlated with the difficulty with 

which it can be made to inhibit lactation and is cir- 

cumstantial evidence that the inhibition of lactation 

by these compounds is due merely to the production of 

a dominant growth process in the gland, the secretory 

process failing as a result. 

The great metabolic effect of triphenylethylene 

in comparison with oestradiol may be due chiefly to 

the dosage question. 
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SUMMARY. 

The Warburg manometric method for determination 

of tissue respiration has been applied to the study 

of the mammary gland in three stages of the repro- 

ductive cycle. Taking the oxygen consumption in the 

weaning stage, which activity is lowest, as unity, 

the figures for the prepartum and full lactation 

stages are respectively 2.4 and 7.8. 

By the same method it has been ascertained that 

oestrogens, natural or synthetic, as well as testos- 

terone propionate, produce a significant increase in 

oxygen consumption - for the lactating stage, which is 

the most active part of the cycle, this increase is 43 %, 

while in the resting stage it is over 80%. This in- 

crease occurs only in vivo, while in vitro the addition 

of hormones is without effect. This increased oxygen 

consumption is in contrast with the observed inhibition 

in milk secretion resulting from hormone administration. 
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