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ABSTRACT 

A study is reported of the rate of involution of the mammary 
gland of the goat when milking is entirely suspended; when milk­
ing is continued in one-half; and during the declining phase of 
lacta tion. When milking is stopped 30 days after parturition, the 
lobule-aheolar system gradually degenerates. Within 75 da)rs 
after the last milking, the gland epithelium consists essentially 
of a duct system similar to that found in a virgin gland. When 
milking is stopped in one side of the gland, the stimulation provid­
·ed by inilking the opposite side retards the rate of involution in the 
side that is not milked. The epithelial cells become tall and 
vacuolated, but a large number of them are still present after 65 

.c.Jays. The effect of stimulation is apparently lessened during ad­
vanced lactation . Evidence is presented to show that the mam­
mary gland undergoes a gradual involution with advancing lacta­
tion. In some areas the alveoli continue to secrete milk, while in 
others considerable numbers of inactive, but apparently intact al­
veoli may be found. In far advanced lactation , however, involu­
tion of the mammary gland is practically complete. The fevv al­
veoli that remain are very small in diameter, and the gland con­
sists of a duct system, surrounded by extensive amounts of con­
nective tissue. 
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A Study of the Involution of the 
Mammary Gland of the Goat* 

C. w. TURNER AND E. P. REINEKE 

During the last ten years, the part played by the hormones of 
the ovary and the anterior pituitary in the regulation of the growth 
and functional activity of the mammary gland has been well es­
tablished. It is generally agreed that the growth of the duct sys­

tem of the ma:mmary gland is stimulated by the estrogenic hor­
mone. The growth of the Jobule-alve.olar system is activated by. 
a hormone (corporin, progesterone) secreted by the corpus luteum, 

acting simultaneously with the estrogenic hormone. The stimulus 
to milk secretion has· been shown to· be provided by the hormone, 
gal.actin (prolactin) secreted by the anterior Jobe of the pituitary 

gland·. 

In all laboratory animals studied it has been found tha·t when 
milk is no longer removed from the mammary gland the secretory 
tissue soon regresses to an inactive state similar to that found in 
virgin animals. This regression or involution is accomplished by 
degeneration of the lobule-alveolar structure of the gland, leaving 

only the duct system and the surrounding connective tissue. Be­
fore such animals can be stimulated to full lactation with the lac­
togenic hormone, their mammary glands must be developed by 
treatment with the ovarian hormones. It appears, therefore, that 

the response to the lactogenic hormone is dependent, at least in 
part, upon the amount of secretory tiissue present. 

. Cows that go dry and subsequently fail to breed cause con­
siderable losses to the dairyman every year. The increased knowl­
edge of endocrine functions gives us hope that eventually such 

cows may be brought into milk production by stimulating their ud­
ders to activity with the hormones. 

Another question of considerable interest is that concerning 
the causes of the decline in milk production with adva·ncing lacta­

tion. Jis. this decline due to a gradual loss of secretory cells, or 
is the hormonal stimulation insufficient to maintain high produc­

tion as the period of lactation advances? If the period> of maximum 

*Submitted by the junior author to the Department of Dairy Husbandry in partial 
fulfillment of the req·uirements for the degree of i\Iaster o·f Arts, 1986. 
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production could be prolonged by hormonal stimulation, it would 

mean .a tremendous economic gain to the dairyman. 

Before attempting to decide on the form of hormonal treat­

ment needed to stimulate the secretion of milk during these pe­

riods, it is desirable to know to what extent the mammary gland 

is developed during the period of declining lactation and during 

the dry period. 
If the udder of the CO\V involutes in a manner similar to that 

observed in laboratory animals, it would be futile to attempt to 

bring dry cows into lac ta ti on by administering the lactogenic hor­

mone, unless the lobule-alveolar system had been developed pre­

viously. 
Little is known about the causes for the normal decline in 

lactation. It is believed that a study of the anatomy of the mam­

mary gland at various stages of lactation may provide a clue to 

the fundmnental causes, and also indicate to what extent the de­

cline may be prevented by means of hormonal stimulation. 

The dairy goat is rapidly coming into use as a laboratory ani­

mal for experiments in milk secretion. Therefore, it seemed de­

sirable to determine the extent of development of the goat udder 

at various stages of lactation in order to provide the basis for 

studies on the hormonal stimulation of lactation in thi,s animal. 

The following questions have been studied and are reported 

in this paper: 
1. Involution of the mammary gland when milking is sus­

pended. 
2. The effect on involution of the stimulation of milking. 

3. The rate of involution during the period of declining lac­

tation. 
Operative Technique 

The hair was sh.a ved from the gland, and it was washed with 

soapy ·water, followed by 70 per cent alcohol. The area surround­

ing the point to be incised was painted with a dilute alcoholic 

iodine solution. The gland was anaesthetized by subcutaneously 

injecting 2.5 per cent apothesine rsolution around the point of op­

eration. A deep injection in the region of the inguinal canal was 

often successful in desensitizing the inguinal nerve. 

The tissue was taken in most cases from the posterior-dorsa:l 

portion of the udder, about 2 inches removed from the supramam­

mary lymph gland. A dorsal-ventral skin incision about 2 inches 

long was made, and the underlying connective tirssue parted' by 
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blunt dissection. Since the mammary gland is highly vascular, 

ca:re had to be taken to avoid the larger blood vessels. Small 

vessels were tied off with catgut at two points, and severed be­

tween the ·sutures. When the gland proper had been exposed, a 

portion about three-fourths of an inch in diameter and one-half to 

three-fourths of an inch thick, was isoJ.a ted by running a circle 

of catgut sutures around it in ord•er to tie off the milk ducts, and 

then the tissue was cut out with a sha:rp scalpel. Although all the 

large ducts were tied off by this method, milk often continued to 

ooze out of the finer ducts into the wound, and caused considerable 

infection in some cases. Four or five stitches were taken through 

the skin and underlying connective tissue to close up the inci sion, 

and then it was swabbed with a tar-phenol mixture in order to 

minimize the danger of infection. 

Histological Technique 

The tissue was fixed in Bouin's fluid , in which it was allowed 

to remain for two or three da'JS. It was· dehydrated in a graded 

series of alcohols (from 50 per cent to absolute) , cleared in alcohol­

xylol and xylol, and imbedded in paraffin. Picric acid was re­

moved by saturating the 70 per cent alcohol used in dehydrntion, 

with lithium carbonate. 

Sections were cut at a thickness of 6 to 10 microns; fixed 

to glass slides with Ma·yer's egg albumen fixative; cleared in xylol 

and xylol-alcohol; run down through a graded series of alcohols; 

and stained. Part of the sections from each tissue sample was 

stained in Delafield's hematoxylin, and counter-stained with eosin. 

The remainder were stained in Mallory's aniline blue connective 

tissue stain, a:nd counter-stained with acid fuchsin. 

INVOLUTION OF THE MAMMARY GLAND WHEN 

MILKING IS SUSPENDED 

Review of Literature 

The gross histological changes taking place in the mammary 

gland when the young are weaned normally, or when they are 

taken a:way at parturition, have been described for a number of 

species, including the rat (Myers and Myers, 1921; Maeder, 1922), 

the mouse (Turner and Gomez, 1933; Cole, 1933), the guinea pig 

(Kuramitzu and Loeb, 1921; Turner and Gomez, 1933), the cat 

(Turner and DeMoss, 1934), the dog (Turner and Gomez, 1934), 
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the rabbit (Hammond, 1925; Turner, 1932), and the squirrel 
(Deanesly and Parkes, 1933). 

There is a striking similarity in the mode of regression of the 
mammary gland of all the animals stud,ied. When the young are 
taken away from a lactating animal, the milk glands first are dis­
tended by the pressure of the accumulated secretion. This turgid­
ity persists for a period varying from 24 to 48 hours and then be­
comes lessened through resorption of the milk. The epithelial 
cells lining the alveoli gradually degenerate, many of them being 
cast out into the lumina, and finally the point is reached where only 
the ducts and the gland stroma remain. At this point the mam­
mary gland very closely resembles' that of a virgin animal. 

The ma·in d,ifference in species is in the length of time required 
for involution of the lobule-alveolar system to reach completion. 
This time ranges from 10 or 12 days in the mouse to 40 days or 
more in the dog. 

These observations are supported in general by the cytological 
findings of Da Fano (1922), Weatherford (1929), and Jeffers 
(1935a). 

The first section of the present paper will include the results 
of a study of the histological changes taking pla·ce in the mam­
mary gland of the goat when milking is stopped at the peak of the 
lactation curve. 

Plan of the Investigation 
Milking was suspended in four goats approximately 30 days after 

parturition. It was estimated that lactation would be at the max­
imum at this time. A fifth goat which had been dried up about five 
months previously was also used. 

Pieces of mammary gland tissue were removed at biopsy in 
order to get a series at approximately 15 day intervals. The tis­
sue specimens were removed alternately from the right and left. 
ha-Ives of the udder, and the operations were spaced so as to allow 
at least 30 days to elapse between two operations on any particular 
goat. 

The external appearance of the glands was also observed from 
time to time, and any evidences of secretion were noted at the time 
of operation. 

Experimental ,Findings 
Gross Examination of Glands.-When milking was stopped 

the udders filled up with milk and in some cases were so distended 
that they seemed painful, and caused the goats difficulty in walk-
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ing. In two goats (Nos. 11 and 83) the pressure had gone down 

noticeably by 15 days after the last milking. Their udders were 

small in capacity in comparison to the other two. Goats No. 17 

and No. 57-A had excessively large and capacious udders and ap­

parently had a high capacity for milk production. Their gland 

cisterns remained completely distended with milk for about 25 

d~ys after the last milking, and then the pressure gradually sub­

sided. 
A long period of time was required for complete resorption 

of the milk from the storage system of the udder. Goat No. 57-A 

died (cause unknown) 28 days after milking was suspended. Al­

though the pressure had gone down noticeably by this time, 1'700 

cc. of secretion were milked from one-half of the udder after it had 

been removed from the carcass. In goat No. 17 the gland cisterns 

were still filled with a wa·tery secretion 75 days after the last milk­

ing. All the milk had been resorbed from the udders of goats 

No. 11 and No. 83 after 45 days. This difference may be explained 

by the fact that Goats No. 17 and No. 57-A had much larger milk 

storage systems than the other two. 

Microscopic Examination.-Fifteen days after milking was 

suspended the alveoli were small but most of them were intact. 

A small amount of secretion was present. A few alveoli had col­

lapsed, and were marked by the infiltration of numerous leucocytes. 

The connective tissue of the gland had thickened consideral:Hy, 

chiefly because of the contraction resulting \vhen the alveoli were 

no longer distended with milk. 

In 28 days involution had progressed considerably (Fig. 2). 

In some areas the alveoli were entirely collapsed. Alveolar re­

mains were represented by groups of epithelial cells having no 

definite arrangement. Some alveoli decreased in size by losing 

individual cells, as evidenced by tiny vacuoles in the gland stroma:, 

with one to four epithelial cells clinging to their peripheries. A few 

alveoli were still normal in size but the cells were exceedingly tall, 

extending far out into the lumina. Many of the ce11s had a va­

cuolated appearance. In one goat (No. 57-A) involution had not 

progressed to such a: marked extent. Numerous alveoli were pre­

sent in some areas while in others the alveoli \Vere collapsed and 

many disorganized groups of epithelial cells were observed in the 

gland stroma. 
Forty-eight days after the last milking a further loss of al­

veoli had occurred (Fig. 3). The connective tissue had thickened 
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in proportion to the loss of epithelium. Only a few small al­
veoli still persisted, and most of these were in various stages of 
degeneration. By the 75th day involution was near completion 
but was still progressing slowly (Fig. 4). 

Sections taken from a goat udder five and one-half months 
after the last milking (Figs. 5 and 6) resembled very closely the 
condition found in virgin glands. All that remained was a duct 
system surrounded' by connective and adipose tissue. 

Summary 

When milking is stopped 30 days after partunt10n, the goat 
mammary gland undergoes a progressive involution. The alveoli 
are lost by collapse o.f the entire alveolus, and by shedding individ­
ual cells into the lumen. Involution is nearly completed after 48 
days but continues at a decreased ra:te. Seventy-five days after 
the last milking only a few of the more persistent alveoli remain. 
These have all disappeared at the end of five and1 one-half months, 
leaving only a duct system comparable to that in a: virgin gland. 

PLATE I (See opposite page) 

Rate of Involution When Milking is Suspended. 

Fig. 1.-Cross-sectio·n of a mammary gland in full lactation. The alveoli 
are large and distended with secretion. (x282) 

Fig. 2.-Section of a mammary gland taken after 28 days involution. The 
lobule-alveolar system had degenerated considerably. The alveoli are situated 
irregularly, and many of them have collapsed. The connective tissue has thick­
ened because of the contraction of the gland parenchyma. (x66) 

Fig. 3.-Section of mammary gland tissue taken after 48 days involution. 
Degeneration of the lobule-alveolar system is almost complete. Numerous al­
veolar remnants, surrounded by connective tissue, may be seen. (x66) 

Fig. 4.-Section of a mammary gland in advanced involution. The longitu­
dinal section of a duct shows only a few side branches. Taken from Goat No. 
17 after 75 days involution. (x57) 

Fig. 5.-A completely involuted mammary gland. In this section, taken 
from Goat No. 15 after SY, months involution, the udder has involuted com­
pletely, leaving only the ducts, and the surrounding connective tissue. (x66) 

Fig. 6.-A duct ending, showing the branching end buds in a completely in­
voluted mammary gland. (same section as Fig. 5, highly magnified). (x282) 
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PLATE I 
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THE EFFECT ON INVOLUTION OF THE STIMULATION 
OF MILKING 

Review ;of Literature 

Until quite recently it was believed that the involution of the 
mammary gland was due entirely to the pressure of the accumu­
lated secretion, and that the act of suckling or milking was con­
cerned in the maintenance of the secretory cells only' by bringing 
a:bout the removal of milk. 

In support of this view, Kuramitzu and Loeb (1921) found 
that when one nipple is tied off in lactating guinea pigs and suck­
ling continues, the occluded side und•ergoes involution similar to 
that observed after weaning. Hammond (1925) ligated the nip­
ples on one side of two lactating rabbits, painted the duct open­
ings with collodion and cotton wool, and allowed the young to 
continue nursing. On the sixteenth a:nd seventeenth day after the 
ligation, the rabbits were killed and the weights of the mammary 
glands compared, with the following results: 

Rabbit No. 
93 
91 

From these 

Occluded Glands 
8 grams per gland 

11 grams per gland 

results Hammond concluded 

Normal Glands 
32 grams per gland 
34 grams per gland 

that the stimulation of 
suckling had no effect on retarding involution of the mammary 
gland. Since the histology of the glands was not studied the re­
sults are inconclusive. The loss in weight might have been due to 
the resorption of milk rather than the loss of gland epithelium. 

Selye (1934) obtained a decidedly different response in the 
rat. The main milk ducts a·t each of the nipples of seven lactat­
ing rats were severed three days after parturition and the young 
were allowed to suckle. Since no milk was obtained, they were 
alternated with normal litters in order to keep the young alive. 
Rats killed as much as 14 days after the operation were reported 
to have mammary gland1s with alveoli well preserved and turgid 
with milk, while the controls showed considerable evidence of in­
volution six to eight days after the young were removed. Like­
wise, when the milk ducts were excised on one side and the nipples 
cut off on the other, and also when the nipples on one side were cut 
off and the other ·side was untouched, milk was still present in 
glands on both sides of the body after fourteen days. A similar 
response was reported in the mouse (Selye and McKeown, 1934-c). 
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It was also shown that bilateral ovariectomy does not prevent the 
stimulation response in the rat. 

In the light of these findings it seemed desirable to determine 
whether or not the stimulation of milking plays a part in the 
maintenance of the mammary gland of the goat. 

Effect of Stimulation of Milking During Early Lactation 
Milking was suspended on one side of the udders of two goats 

(Nos. 135 and 254) about 30 days after parturition, while the other 
side was milked regularly. Biopsy specimens were taken at va­
rious intervals and the tissue was sectioned and stained for micro­
scopic examination. 

There was an increase in milk pressure on the side not milked, 
followed by a gradual decrease in pressure and resorption of milk. 
Fifteen days after the last milking little secretion was present in 
the alveoli on the side not milked, although the gland cistern was 
still distended (Fig. 7). Most of the alveoli were still intact, but 
in a few limited a·reas the connective tiss·ue was thickened consid­
erably, and alveoli which had decreased in size to the extent that 
some of them contained only three or four cells in cross section 
were observed. The histological picture obtained when goats 
were stimulated by milking on one side was distinctly different 
from that observed during normal involution. The alveolar cells 
were greatly lengthened and protruded1 into the lumen in a char­
acteristic fashion. Many cells appeared to be distended with se­
cretion which they were unable to discharge. 

The 32-day stage (Figs. 8 and 9) showed little change from 
the condition observed at 15 days·. The majority of the alveoli 
were essentially intact, although they had decreased slightly in 
diameter. 

Sixty-five d·ays from the beginning of the experiment the al­
veolar structure was still well defined (Figs. 10 and 11). There 
had been a further loss of alveoli as evidenced by a thickening of 
the connective tissue in some areas, but a good many alveoli were 
still present. 

A comparison of the results obtained on the two goats that 
were subjected to the stimulus of milking, with the first series, 
shows· that involution of the udder is retarded considerably when 
the stimulus is supplied. Involution was nearly complete in the 
first series after 48 days, while the goats receiving the milking 
stimulus ·showed large numbers of well defined alveoli after 65 
days. 
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Effect of Stimulation During Advanced Lactation 

l\Iilking was suspended on one side of the udder of a goat 

w.hich had been milking for approximately six months. At this 

time she was producing three pounds of milk per day. 

Tissue obtained 34 days later showed that the side of the gland 

that was not milked was fairly well involuted (Fig. 12). Only 

the duct system with a few alveolar remnants, and a large propor­

tion of connective tissue remained. 

Summary 

In two goats in which milking was suspended on one side of 

the udder 30 days after parturition, involution was greatly retarded 

by milking the opposite side. Although the alveoli contained· lit­

tle secretion by the fifteenth day, a large proportion of the alveolar 

tissue was still present 65 days after the beginning 0£ the experi­

ment. The cells lining the alveoli were greatly distended and 

enlarged, bulging out into the lumen in a characteristic manner 

quite distinct from that observed after "drying up" a goat. 

Stimulation apparently had very little effect in maintaining· the 

mammary gland 111 a goat that had been lactating for approximate­

ly six months. 

PLATE II (See opposite page) 

Effect of the Stimulation of Milking on Involution. 

Fig. 7.-Effect of the stimulation of milking during early lactation. This 
section was taken from the side of a goat udder in which milking had been 
suspended 15 days previously, whi le milking was continued on the opposite side. 
Most of the alveoli are intact and some of them are distended with secretion. 
(x66) 

Fig. 8.-Effect of the stimulation of milking during early lactation. Sec­
tion taken from the side of a goat udder in which milking had been suspended 
32 days previously, while milking was continued on the opposite side. It will 
be noted that the aveoli have decreased in diameter, but a large proportion of 
the epithelial cells remain. (x66) 

Fig. 9.-Highly magnified view showing the effect of the stimulation of 
milking in early lactation. Milking had been suspended in this side 32 days 
previously. The epithelial cells are beginning to extend into the lumen. (x282) 

Fig. 10.-Effect on involution of the stimulation of milking during advancing 
lactation. A section taken from the side of a goat udder in which milking had 
been stopped 65 days previously, while milking was continued on the opposite 
side. There has been very little loss of epithelium. The alveolar cells appear 
vacuolated and many of them extend far out into the lumina. (x66) 

Fig. 11.-Effect of the stimulation of milking on involution with advancing 
lactation. High magnification of the section shown in Fig. 10. Alveoli are 
well defined; the epithelial cells are extremely tall and vacuolated. (x282) 

Fig. 12.-Effect of the stimulation of milking during advanced lactation. 
Sections taken from a goat udder 34 days after milking was suspended on one· 
side, following six months' lactation. The lobule-alveolar system degenerated 
rapidly. In addition to the ducts and connective tissue, a few alveolar remains 
are present. (x231) 
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PLATE II 
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THE RATE OF INVOLUTION DURING THE PERIOD OF 
DECLINING LACTATION 

The question whether or not the mammary gland involutes 

during normal lactation is of considera:ble interest in considering 

the possibility of increasing milk production of animals. in va­

rious stages of lactation by stimulation with the lactogenic hor­

mone. If the secretory cells d'egenerate in proportion to the de­

cline in lactation, it would obviously be impossible to increase 

milk production appreciably without first stimulating growth of 

the lobule-a:lveolar system. If a large proportion of the milk­

secreting cells is maintained during advancing lactation, it should 

be possible to bring production up, or to hold it to a high level 

without such preliminary treatment. It has been observed that 

when lactating mice are suckled over a long period of time, the 

mammary gland finally involutes in spite of a• strong suckling 

stimulus (Selye and McKeown, 1934-c). It has also been observed 

that in cows which have been milking for a long time (16 to 18 

months), the parts of the udder most removed from the gland cis­

tern are in various stages of involution (Lenfers, 1907). 

Experimental Animals 

Mammary gland tissue was collected from three non-pregnant 

lactating goats (No. 135, 20-A and 27-A) which were in advanced 

stages of lactation. Goat No. 135 had freshened February 14, 1935, 

and milking had been suspended in the left half of her udder al­

though the right ha:lf was milked regularly. Tissue was taken 

from the lactating side 146 days after parturition (approximately 

5 months). Goats No. 20-A and No. 27-A had been purchased 

recently, and their exact freshening d,ates were not known. Goat 

No. 20-A had been milking approximately six months, and was 

producing two pounds of milk daily when she died. A sample of 

udder tissue was taken at post mortem. A biopsy specimen was 

taken from Goat No. 27-A on October 19, 1935, when she was pro­

ducing 0.5 pounds of mil~ daily. A post mortem sample was ob­

tained on the same goat 38 da:ys later. At this time production 

had dropped to about 0.2 pound,s of milk per day. 

Histological Study 

After five months lactation, the alveoli were small, but most 

of them were filled with secretion (Fig. 13). A few of the lobules 

showed definite signs of involution as indicated by collapsed al-
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veoli, and still other alveoli which had lost all but a few of their 
epithelial cells (Fig. 14). 

In the tissue taken in the sixth month of lactation, large num­
bers of the alveoli contained no secretion although most of them 
still retained their structure (Fig. 15). Many of the epithelial 
cells were extremely tall, extending well out into the lumina (Fig. 
16). Considerable numbers of epithelial cells had been sloughed 

into the lumina of the alveoli, and some alveoli were completely 
filled1 with extruded cells and cellular debris. Limited areas show­
ed alveoli in the final stages of degeneration. 

Goat No. 27-A (nearly dry) showed further evidence of slow 
but gradual, involution (Fig. 17). The amount of connective tis­
sue present in a given area had increased greatly because the 
gland stroma had drawn together, following the decrease in the 
amount of milk present and the loss of epithelial cells. A small 
amount of secretion was present in some alveoli, while others ap­
peared to be inactive. 

In tissue taken from the same goat 38 days later , involution 
was practically completed (Fig. 18). A few very small alveoli 
still remained, and a small amount of secretion was present in 
some cases, but the mammary gland consisted· essentially of a duct 
system surrounded by fat and loose connective tissue. 

Summary 

Study of the mammary glands of a limited number of goats 
during advanced stages of lactation indicated that a gradual in­
volution takes place. Considerable amounts of alveolar tissue 
appear to be maintained for some time after they have stopped 
secreting, while other areas remain active. Nearly all of the al­
veoli were lost, however, in a goat that was practically dry. 



18 MISSOURI AGRICULTURAL EXPERIMENT STATION 

PLATE III (See opposite page) 

The Rate of Involution during Advanced Lactation 

Fig. 13.-Extent of involution after five months lactation. Most of the al­
veoli are small, but filled with secretion, although a few are inactive. (x57) 

Fig. 14.-Extent of involution after five months lactation. High magnifica­
tion of the section shown in Fig. 13. Most of the alveoli are filled with secre­
tion, but a few inactive and apparently involuting alveoli may be found. (x231) 

Fig. 15.-Extent of involution after approximately six months lactation. Al­
though the alveoli are small, and little secretion is present, a. large proportion 
of the gland epithelium is intact. (x57) 

Fig. 16.-High magnification of mammary tissue taken from a goat after 
about six months lactation. Some alveoli are degenerating, but most of them 
are fairly well preserved. The epithelial cells are becoming tall and vacuolated. 
(x231) 

Fig. 17.-Section of a mammary gland from a goat in far advanced lacta­
tion. A few alveoli are filled with secretion, while othe-rs are in various stages 
of involution. (x231) 

Fig. 18.-Section of mammary tissue at the end of the lactation period. From 
the same goat as the section shown in Fig. 17, but taken 38 days later. Involu­
tion is practically complete. Only a few alveolar remnants surrounded by con­
nective tissue remain. A few active alveoli were present, however, in other 
sections of the same tissue. (x231) 
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PLATE III 
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DISCUSSION 

The possibility of applying the facts known about the lac­
togenic hormone to the practical problems of dairy husbandry is 
dependent on the amount of secretory tissue present. Secondly, 
it is necessary that the gland epithelium be in a condition to re­
spond to the lactogenic hormone. 

The results of the investigations reported make it clear that 
in virgin or dry animals, where only a duct system is present, it 
would be impossible to induce more than a slight amount of se­
cretion even if it were possible to stimulate all of the secretory 
cells present to lac ta ti on. 

The evidence presented shows that the mammary gland of the 
goat gradually loses its alveoli, and regresses to a duct system 
when milking is suspended. From this we can infer that stim­
ulation of the mammary gland to lactation during the dry period 
by the injection of the lactogenic hormone, would meet with little 
success unless the development of the gland had been induced 
previously. 

The causes for the decline in the rate of milk production with 
advancing lactation have been the subject of considerable specula­
tion. Does milk production decline because of a gradual loss of 
secretory tissue? Do all of the cells continue to secrete, although 
at a slower ra te? Do certain areas become inactive, although still 
intact, while the remainder of the alveolar cells continue to se­
crete at an undiminished rate? Or is the decline in lactation due 
to several of these factors? 

It was found that the stimulation of milking retards the rate 
of involution when milking is completely suspended in one side 
of the udder. During the period of declining lactation consider­
able areas of alveolar tissue are maintained although apparently 
not secreting. From this it is evident that involution of the mammary 
gland proceeds at a slower rate than the rate of decline in milk 
production would· lead us to expect, were the decline due primarily 
to the loss of secretory cells. 

Therefore, it should be possible, by supplying the proper stim­
ulus, to bring these inactive cells back to activity, and so increase 
milk production, or at least to prevent for a time the normal de­
cline in lactation. This view is supported by the fact that several 
investigators have reported significant increases in lactation dur­
ing this period, following the administration of alkaline extracts of 
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the anterior pituitary (Stricker and Grueter, 1921; Asdell, 1932; 

Kabok and Margulis, 1935; Azimov et al., 1935). Recent reports 

show also that increases in milk and milk fat production are stim­

ulated by thyroid feeding (Graham, 1934a), or by intravenous in­

jections of thyroxin (Graham, 1934b; Jack and Bechdel, 1934). 

While these results leave little doubt that the mammary gland 

has the capacity to respond to added stimulation during advanced 

lactation, they do not show which agent is responsible. Most of 

the crude extracts of lactogenic hormone contain the thyreotropic 

hormone as well. Could' it be possible that the effect obtained 

with pituitary extracts is clue to stimulation of the animals' own 

thyroid by the thyreotropic hormone? Graham concluded that 

the effect of thyroid feeding on milk and milk fat production is 

secondary to the factors. controlling the lactation cycle, causing its 

effect by raising the metabolism. Jack and Bechdel, on the other 

hand, proposed that thyroxine stimulates milk secretion indirectly 

by causing an increased secretion of lactogenic hormones by the 

hypophysis. 

The tendency toward maintenance of the lobule-alveolar sys­

tem is markedly decreased during far advanced lactation. In­

volution of the mammary gland was almost complete in a goat 

which was nearly dry. The stimulation of milking was also in­

effective in maintaining the secretory tissue during advanced lac­

tation. Although this evidence is limited, it indicates that attempts 

to increase the milk flow by hormonally stimulating animals that 

are nearly dry, without first inducing growth of the secretory tis­

sue would meet with failure. This view is supported also by the 

fact that Jack and Bechdel failed1 to obtain significant increase in 

milk production when thyroxine was injected at the extreme end 

of the lactation period. 
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SUMMARY AND CONCLUSIONS 

1. _.\ method is described for securing biopsy specimens from 
the udder of the goat. 

2. ·when milking is suspended 30 clays after parturition, the 
lobule-alveolar system of the mammary gland degenerates and is 
graduaUy lost. Approximately 75 days after the last milking, only 
a duct system remains. 

3. When milking is stopped on one side of the udder , and 
the other side is milked regularly, involution is retarded in the 
side that is not milked. 

4. The stimulation of one sid·e of the mammary gland ap­
parently had no effect in retarding involution of the opposite side 
in a goat that had been milking for about six months. 

5. In goats that were -vvell advanced in lactation a large pro­
portion of the alveoli were still intact, although many of them 
\Vere not secreting. 

6. Involution of the mammary gland was practically com­
plete in a goat that was at the extreme end of her lactation period. 

7. The application of these findings to the hormonal stimula­
tion of lactation is pointed out. 
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