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I. Introduction 

The primary purpose of the present study is to determine the 

changes which occur in the mammary gland of the albino rat during 

pregnancy, and thereby to establish for this animal a norm which 

would serve as a basis for experimental work. The subject is old, 

and much has been written concerning it. But a survey of the 

literature will show that there has been very little detalled work 

on the gland during pregnancy on any one animal form, with the 

exception of Schil's work on the rabbit. Hence it was thought 

desirable to investigate the subject in the rat, supplementing the 

researches of Myers, who has worked out the earlier stages of the 

development of the mammary gland in this animal. 

II. Literature 

In reviewing the early history of research on mamnary gland 

changes in milk formation most of the earlier works are so rare that 

I was unable to consult them in the original. Also some of the 

later works, especially doctors' dissertations, were not available, 

and hence are cited from reviews. That the author, in most cases, 

ha.a been correctly quoted, is assured by the agreement of various 

reviews. 

From a review of the literature, there appear at least six 

milestones in the history of mamnary gland research in regard to its 

changes during gestation. These are, as Bab ('04) pointed out: 

(1) the mechanical theory of milk formation by Hippocrates; (2) the 

discovery, by Leeuwenhoek (1680), of milk spherules; (3) Donn~'s 

discovery, in 1837, of colostrum corpuscles; (4) Virchow's ('58) 

theory of the neorobiotic formation of milk; (5) Heidenha.in's ('68) 

decapitation theory; and (6) Czerny's ('90) theory of the leucooytic 

origin of colostrum corp:tscles. 
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We can trace the gradual evolution of the question from the 

theorizing of the ancient philosophers, the unscientific attitude 

of the middle ages, and then a seeming quiescent stage in research 

until the invention of the microscope. After a certain time, 

however, the limit of possibilities in milk research was reached 

until modern microscopical methods were introduced and from the 

time of Reinhardt we can note a rapid advance in our knowledge of 

milk secretion from the viewpoint of anatomy. In the following 

review of the literature the species studied was human, unless 

otherwise stated. 

Reinhardt (1847) w-s the first writer to attempt seriously to 

trace the colostrum corpuscles to their origin in the gland. He 

concluded as a result of his studies that colostrum corpuscles arise 

from the epithelial cells which undergo fatty changes. Reinhardt 

describes colostrum corpuscles as being large, finely granular, 

possessing as a rule no nucleus, but having a well defined cell 

1 membrane. He noticed active molecular movements of these granules, 

-stating, "Ofters bemerkt man auch ein lebhafte Molecularbewegung 

fainer K'?'rnchen innerhalb der angedehnten Zelle". He was able, 

further, to trace all the steps of the transformation of an epi

thelial cell into a colostrum corpuscle. 

In 1849, v. Beuren also stated that colostrum corpuscles are 

formed by the fatty metamorphosis of epithelial oells. In the 

following year K't'lliker and ill likewise held that colostrum 

corpuscles are fatty degenerated epithelial cells. K~lliker, 

however, derived the epithelial cells undergoimg this degeneration 

from the solid alveoli. These alveoli later hollow out and the 

cells thus detached become colostrum corpuscles. 
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In 1855, Soanzoni also regarded fatty metamorphosed epithelial 

oells as giving rise to colostrum corpuscles. 

In 1858, Virohow formulated his famous theory that the marranary 

gland aota like sebaceous glands in that its cells degenerate to 

form milk. He regarded colostrum corpuscles as fatty, broken off, 

but not completely metamorphosed epithelial cells. Virchow thought 

that the membrana propria of the gland served as the matrix for 

the development of ne oe1la, and that the acini of the manmary 

gland have more layers of epithelial cells than the sebaceous 

glands. Not until modern microscopical technique was developed was , ,, 
anyone able to overthrow Virchow's work. Thia theory, as ichaelia 

('98) pointed out, is interesting in view of the fact that it per

sisted for a long time in so many text books of histology and 

physiology, even after it had been disproved. 

In 1866, Stricker demonstrated that colostrum corpuscles sho 

active ameboid movements, and stated that these cells come from 

fatty metamorphosed epithelial cells, or broken off parts of such. 

Beigel (1868) succeeded in staining the nucleus of colostrum 

corpuscles. 

FUrstenburg (1868) described the membrana propria of the acini 

of the mamnary gland of the cow as a homogeneous membrane. 

Kehrer (1871) stated that milk globules develop by nacrobioais 

of the epithelial cells, and colostrum corpuscles represent fatty 

degenerated epithelial cells. He described the gland epithelium as 

being ai le layered in the rabbit, and described a proliferation 

of these cells during secretory activity. 

Langer (1871) concluded that colostrum corpuscles are fatty 

epithelial cells from the duct epithelium and none of them came 

from the alveoli, since he could find no corpuscles in the alveolar 



lumina. He described fat granules in the nucleus of the epithelial 

cells. The gland epithelium is composed of a single layer of 

polyhedral cells, and the cells of the membrana propria stand in 

close relation with the interalveolar connective tissue. Elastic 

tissue surrounds the excretory ducts. 

De Sinety (1876) stated that colostrum corpuscles come from 

fatty metamorphosed epithelial cells. 

Buchholz (1877) described two kinds of colostrum corpuscles, 

those with, and those without a membrane or nucleus, both of which 

are genetically related and are derived from fatty epithelial cells. 

Kollessnikow (1877) described the alveolar epithelium as being 

double layered. The cells of the inner layer are larger than the 

outer ones and contain most of the fat. The membrana propria is 

!composed of flat, star-shaped cells which are firmly bound together. 

Schmid (1877) described the necrobiosis of the epithelial cells 

which are, according to him, replaced by new cells. 

Winkler (1877), working on guinea pigs, gave lymphocytes as 

the origin of milk spherules. He described the membrana propria 

as a translucent layer, which is united by processes to the inter

alveolar connective tissue. 

Rauber (1879) was the first author to expound fully the theory 

that colostrum corpuscles come as a result of fatty metamorphosis 

of leucocytea. He described many leucocytes in the interstitial 

tissue, between the epithelial cells, and in the lumina of the 

alveoli of the active gland. This was an i~portant contribution 

to the studies on milk formation and was destined to stimulate 

many other investigators along the same line. 
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Jakowski (1880) described the smooth muscle in the nipple as 

forming a constrictor. The excretory duots possess a double layer 

of epithelium, an inner layer of high cylindrical cells and an 

outer layer of small round cells. The membrana propria is formed 

by a compact layer of flat anastomosing cells. 

Partsch (1880) described the epithelium in the glands of the 

dog and rabbit as being single-layered. He also mentions the large 

number of mast cells in the gland stroma during pregnancy. 

Saefftigen (1881) stated that colostrum corpuscles are fatty 

metamorphosed lymphocytes. He described mitotic figures in the 

epithelial cells of the active gland of the guinea pig. 

Barfurth (1882) opposed Kt:Jlliker's theory of colostrum forma

tion from a hollowing out of the solid alveoli. He also called 

attention to the fact that the nucleus is surrounded by a rim of 

non-vacuolated cytoplasm. Many ma.st cells a.re to be found in the 

interstitial tissue of the ma.mnary gland during gestation. 

Talma. (1882) could observe no mitoses in the actively 

secreting gland. 

He1denhain (1883) gave a new theory of milk formation,-- the 

theory of "decapitation". That is, the inner portion of the 

epithelial cells of the gland is broken off and goes to form milk. 

The degenerating nuclei which are observed in the lumina of alveoli 

and ducts are destined to give rise to the nuolein content of the 

milk. The epithelium of the gland is single layered and the 

membrana propria consists of a network of fine star-shaped cells. 

With regard to Virchow's theory that milk is formed by a degenera

tion of the epithelial cells--Heidenhain showed that the cow would 

have to replace her udder completely almost three times a day in 

order to account for the organic constituents of the milk. This 



r.=====================================================~Pa~e 7_· -=====~ 
same fact was demonstrated in the same year by MUJ.heim Schmidt. 

In 1886 Franz Nissen, working with dogs, rabbits and oats, 

agreed with Heidenhain that the nuclein content of the milk comes 

from a degeneration of the nuclei of the cast-off epithelial cells. 

In the nuclei of the intact epithelial cells the chromatin is 

arranged about the periphery. Some of the nuclei show signs of 

indirect cell division, but Nissen could not find a single mitosis. 

His figures show the acini with a single layer of epithelium. 

In 1887 Bizzozero and Vassale, studying the glands of gu.inea 

pigs, dogs, and r bbits, described the mamna.ry secretion as a 

product of the secretory activity of the epithelial cells. 

According to these authors the height of the epithelial cells is 

dependent upon the amount of secretion in the alveoli and upon the 

stretching of the alveolar wall· Numerous mitoses were observed 

during pregnancy which ceased with the beginning of lactation. 

II There is no degeneration of nuclei to form nucleo-proteins for the 

milk. 

Billroth (1887) called attention to the large number of 

leucocytes in the connective tissue stroma of the gland and states 

he was unable to find any membrana propria. 

Coen (1888) stated that colostrum corpuscles are fatty epi

thelial cells, and that mitoses are plentiful during pregnancy in 

order that the desquamated epithelial cells may be replaced. Acini 

have a double layer of epithelium in many places and between the 

acini and in the interlobular connective tissue large numbers of 

mast cells are to be seen • 

.Kadkin (189 ) using the mamnary glands of rats, guinea pigs, 

mice and rabbits, described colostrum corpuscles as being derived 

from fatty metamorphosed epithelial cells. He observed a few 
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mitoses during pregnancy but states that the gland proliferates 

during gestation mostly by amitosis. 

Czerny, in 1890, took another great step in the study of 

colostrum. He injected human milk into the lymphatic system of 

frogs and found that the leucooytea took up the fat globules and 

in so doing increased their size, often six to eight times. Sub

cutaneous injections of milk into rabbits gave the same result and 

the fat-laden leucocytes appeared identical with colostrum 

corpuscles. Czerny formulated his theory as follows: 

"Die Colostrumk~rper sind Leu.kocyten, welche in die Brust

' drttsenraume einwandern, sobald in diesen Milch gebildet, aber 

I nicht durch die Ausftthrungsganze entleert wird, welche dann 

I daselbst die unverbrauchten Milchktlgelohen aufnehmen, zertheilen 

und behufs eiterer Rttckbildung in die Lymphbahn aus der Drttse 

e.bftthren. 11 

Benda (1893) also ascribed to leucocytes an important r~le in 

colostrum formation and said that desquamated epithelial cells and 

fragmented nuclei are artefacts, which may be avoided by proper 

technique. The membrane. propria is homogeneous and between it and 

the epithelial cells of the gland are flattened cells which are 

analagous to the myoepithelial cells of the sweat glands. 

Duclert (1893) stated that mitoses are the more numerous the 

closer the time of delivery approaches. 
?-

Steinhaus (189~), working on guinea pigs, formulated a new 

theory of colostrum formation, namely, that mast cells undergo 

fatty metamorphosis and are transformed into colostrum corpuscles. 

In the pregnant gland he found many mitotic figures resulting in 

double nucleated cells. Peculiar granules are found in the cyto

plasm of the epithelial cells colored by the Altmann method. 



Page 9. 
i- These are probably mitochondria, although Steinhaus;, of course, 

did not call them that. 
~ 

La Croi\ (1894) described myoepithelial cells in the mammary 

gland. 

Szabo (1896) reviewed some of the more important works in 

this field and as a result of his own work (on guinea pigs) 

decided that the epithelial cells are single-layered, often multi

nucleated, and are not destroyed by the process of secretion. The 

nuclei of these cells during the secretory activity of the gland 

have a characteristic arrangeimnt of the chromatin, which is con

centrated about the periphery of the nucleus, with a well defined 

nucleolus in about the center. 

Von Ebner (1896) in lmlliker's Handbuch reviewed the litera

ture and decided on the basis of the morphology of the nucleus that 

colostrum corpuscles represent fat-laden leucocytes. The epithe

lium of the ducts and acini is single layered. The membrana 

propria is a structureless membrane in which basket cells are 

found. These cellsJ Von Ebner considered analogous to the myo

epithelial cells of the sweat glands. 

cha.elis (1898) supplied a useful review of the literature on 

the active mammary gland and from his own studies on the guinea pig 

concluded: 1) The secreting epithelium of the gland is single 

layered; (2) the change in the form of the alveolar epithelium is 

not wholly dependent upon the amount of secretion in the lumen of 

the acini, but may during lactation become high cylindrical c• lls 

as a result of their own secretory activity; (3) the nuclei which 

disintegrate in the lumen of the alveoli to form nucleo-proteins 

for the milk are replaced by a process of direct cell division; 

(4) leucocytes wander into the alveolar lumina, take up fat, and 
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are transformed into colostrum corpuscles; and (5) the fat content 

of the milk is a result of the secretory activity of the gland 

cells and is not the result of the degeneration of these cells. 

Unger (1898) concludes, "Ich halte also Czerny's Theorie der 

Entstehung der Colostrum Kt5rperchen :fttr die richtige ..... ". He 

modifies Czerny's view, however, in that he gives ma.st cells the 

foremost rSle in the formation of colostrum corpuscles. He 

describes these cells as being found in the interalveolar spaces 

and sending up processes between the epithelial cells/around the 

spaces, and in the axillary and retro-manmary lymph nodes. Some of 

these cells Unger describes as undergoing a fatty metamorphosis. 

In addition to human material, Unger used mammary glands of guinea 

pigs. 

Kollowsow (1898), by special staining methods, demonstrated 

int cellular bridges of the epithelium of the manmary gland of a 

pregnant cat. The duct epithelium is double layered and Kollosso 

suggested that the basal layer of cells might be transformed, by 

the end of pregnancy, into typical smooth muscle. 

Bizzozero and Ottolenghi (1899) supply a useful review of the 

literature of the ma.mnary gland in pregnancy, and in describing 

the glands of pregnant guinea pigs, call attention to the large 

number of leucocytes in the stroma, and the great percentage of 

mast cells among these leucocytes. 

Sticker {1899) described the epithelium of the acini of the 

active gland of the cow as being double-layered. Between the 

acini, capillary loops are found which often lack even a connective 

tissue support. 



Palazzi (1900) described colostrum corpuscles as being derived 

from epithelial cells, although he mentions the fact that in milk 

one o~en sees fat-laden leucocytea. 

Cohn (1900) described colostrum corpuscles as having their 

origin from fat-laden leucocytes. Some of these corpuscles are 

smaller and contain leas fat than the others, and such forms are 

to be regarded as younger cells. Most of the colostrum corp.iscles 

come from leucocytea with neutrophilic granulation; none of them 

come from mast cells. Cohn assumes that there must be a positive 

chemotalis exerted by the gland or its secretion in order to 

account for the immigration of the leucocytes to this region. 

Bierjich (1900) deals with the amount of elastic tissue in 

the breast under normal and pathological conditions. His data 

indicate that the older the woman the more elastic tissue there is 

in the gland. But since Bierrich says nothing regarding the number 

of pregnancies in each case, his results are uncertain, unless we 

assume that in each case it was the first pregnancy. He described 

the membrana propria as consisting of several layers of closely 

packed cells. 

In 1901 Ottolenghi called attention to the large number of 

mast cells in the stroma of the mammary gland of pregnant white 

mice and described large fat-laden leucocytes in colostrum. 

Bab's thesis appeared in 1904, in which he described his work 

on colostrum formation. Thia work is really a repetition of 

Czerny's experiments on a very elaborate scale. His conclusions 

were: (1) By intra-peritoneal injection of milk, corpuscles are 

formed which are morphologically identical with colostrum 

corpuscles; (2) the phagocytosis not only concerns itself with 

milk-fat but also with the albuminous part of the milk; (3) intra-
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peritoneal milk resorption takes place in the salamander in much 

the same way as in warm-blooded animals. (4) In every detail, the 

physiological process of colostrum formation is analogous to the 

pathological process of inflammation. (5) Cohn's hYI>othesis that 

colostrum corpuscles develop from small leucocytes with neutro

philic granulations is untenable. (6) From colostrum to milk there 

is a gradual transition, since leucocytes and colostrum corpuscles 

can be found constantly in milk. (7) Colostrum i~ an excellent 

regulatory apparatus for the fat-content of the first milk and 

I serves also as a laxative and nutritious fluid for the newborn. 

Bertkau (1907) described myoepithelial cells in the mamnary 

gland of the cow. With regard to the secretory activity of the 

gland, Bertkau claims that "decapitation" of cells, as described 

by several authors, is an artefact, and no necrobiotic processes, 

complete or partial, take part in milk formation. The changes and 

variations in the height of the epithelial cells of the secreting 

alveolus are due to folds in the membrana propria brought about by 

the contraction of the so-called myoepithelial cells. These folds 

are removed when the alveoli are filled with secretion. 

In 1911, Berka gave a detailed account of the histology of 

the human mammary gland during pregnancy. In the first half of 

pregnancy the "gland fields" have an infiltrated appearance as a 

result of the large number of cells, epithelial, connective tissue, 

and leucocytic in type. The typical lobules are formed by the 

beginning of the second half of pregnancy. The acini have a single 

layer of epithelial cells, while the ducts are double-layered 

throughout. The membre.na propria is composed of a fibrous non

nucleated network. In the stroma there are numerous leucocytes, 

and prominent among these are the large number of mast cells. 
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These, however, have nothing to do with colostrum corpuscle 

formation, and in none of them was he able to demonstrate any fat. 

He gives a detailed account of the elastic tissue content of the 

breast. Berka was unable on the basis of his material to decide 

definitely whioh plays the more prominent rSle in elastic tissue 

formation, age or the number of pregnancies. Both seem to 

in:fluence the production of this tissue . 

Ancel and Bouin (1911) published one of their many articles 

on the gland and especially studied the relation of the corpus 

luteum to the development of the breast during pregnancy. They 

divide the pregnant cycle of the mammary gland of the rabbit into 

two phases,--one the growth phase and the other the glandular 

activity phase. The first phase occupies the first half of 

gestation and the second one begins with the beginning of the 

seoond half of pregnancy. The figures published in connection 

with this paper show the ducts with a double layer of epithelium 

and the acini with a single layer. 

Schil, in 1912, also described these two phases of the 

development of the manmary gland in the gravid rabbit and believes 

that the growth of the gland has reaohed its maximum t the 

beginning of the second phase, as he was unable to find any 

mitotic figures during the second phase. 

O'Donoghue (1911) described the manmary apparatus of 

Dasyurus . With the onset of pregnancy the milk ducts become more 

and more branched . The alveoli are first solid and later become 

hollowed out and finally have a single layer of epithelium 

surrounding their lumina. Regarding Kollossow's suggestion that 

th~ myoepithelial cells might be transformed into typical smooth 
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muscle cells by the end of p~egnanoy, O'Donoghue says that such a 

condition is not probable, since if it were true we would have 

muscle derived from ectoderm. He regards the membrana propria as 

being not an independent structure but a part of the general gland 

stroma., which is closely applied to the acini by a process of 

stretching. 

In 1915, Wahl described the blood supply to the mammary gland 

of the pregnant albino rat and gave a brief description of the 

method of proliferation of the ducts and acini. In the early 

stages of pregnancy, lobular ducts begin to appear on the ends and 

sides of the main ducts. These lobular ducts may be simple or 

compound. The simple ducts arise as solid bulbular projections 

which elongate, become hollowed out and their sides become studded 

with knob-like processes which later expand and become true 

alveoli. The compound duots, in addition to the foregoing 

processes, give off secondary branches which in turn become 

studded with alveoli. 

Since 1915, so far as I can learn, there have been no 

articles on the histology of the breast during pregnancy. In the 

last decade, however, an enormous aIIX)unt of experimental work has 

been done on the source of the stimulus which causes the growth of 

the mamna.ry gland. Prominent aIIX)ng these researches are those by 

Ancel and Bouin, Lane-Claypon and Starling, Sohil, O'Donoghue, 

and Frank and Unger. 

III. Material and methods. 

The material for the present study was presented to me by 

Dr. J . A. Myers to whom, as well as to Professor Hal Downey, the 

writer is also greatly indebted for aid and advice during the 
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course of the investigation. The material comprises the glands of 

ten pregnant albino rats (Mua norvegicus albinue), all primiparae 

from the colony in the Institute of Anatomy. The material 

represents stages from the thirteenth day of pregnancy to within a 

few hours of delivery and includes the following six stages: 

thirteen days; sixteen days plus twelve hours; eighteen a.aye plus 

twelve hours; nineteen days; twenty days; and twenty days plus 

nine hours. Material for the earlier stages of pregnancy was not 

available. 

The technique of ~emoval and preparation of the glands haa 

I been described by 1yers ('16) which briefly is ae follows: The 

animals were killed with et er and the skin, together with all the 

mammary glands, was immediately removed, pinned out on a sheet of 

cork and placed in Zenker's fluid. The hairy surface of the skin 

of course was next to the cork sheet. 

Cleared preparations were ma.de in the saim manner as described 

by yers ('16) which is essentially the method Lane-Claypon and 

Starling used in work on the rabbit. These preparations ere 

mounted in :Jcy"lol-gum-damar in shallow glass calla. 

In preparing material for microsoopio sections, portions of 

the fixed gland were removed carefully and imbedded in hard 

paraffin. But in sectioning the nipples it was found lmost 

impossible to out the tough skin when it was imbedded in ordinary 

paraffin· Therefore Johnston's asphalt method (Guyer '17), as 

modified, I believe by Dr. J. T. Patterson, was employed. Crude 

rubber was out into very fine bits with a pair of sharp curved 

scissors. About three teaspoonfuls of this finely divided rubber 

was put into a pint of paraffin, 

/ left in the oven for three days. 

.P. 65oC., and the mixture was 

During this time the mixture was 
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frequently stirred, and by the end of three days most of the 

rubber had passed into solution. Ai'ter three days, however, the 

mixture was removed from the oven and cooled. A part was melted 

only when needed for imbedding, since it was soon ascertained that 

if the mixture is kept melted for mu.oh more than three days, the 

rubber tends to precipitate. This treatment toughens the paraffin 

to such a degree that the skin imbedded in it can easily be out. 

Sections of the mammary gland and nipple were cut t 3, 4, 5, 

? and 10 micra in thickness. Some sections were stained with 

.Mallory 's connective tissue stain; some with eigert's iron 

haematoxylin counter-stained with Van Gieson's stain; and some with 

a 1 per cent aqueous solution of oresyl violet. Another series 

were stained with Unna's oroein for elastic tissue. A few (fresh) 

frozen sections were stained with osmio acid and Sudan III, in 

order to show the istribution of fat. 
The or syl 

Aviolet stain deserves particular mention because of the 

beautiful results obtained and because of some of the difficulties 

encountered in using it. Paraffin sections ere passed in the 

usual way from xylol to ater, and from water were placed in the 

stain for twenty minutes. From the stain the sections, after 

rinsing well in water, were plunged directly into 95 per cent 

alcohol for a few seconds; then for the same length of time into 

absolute alcohol; then into a mixture of absolute and xylol a fe 

seconds; and finally into xylol for three minutes. They were 

finally mounted in toluol-gum-damar. 

The reason for the short treatment,With the alcohol and xylol 

is because it V6S observed that, for some reason the alcohols and 

xylol quickly decolorize the sections to such a degree that there 

is no longer any differentiation of the tissue elements. 
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Cresyl violet , as is well known, gives a most excellent 

differentiation to the mast cells, sharply marks off the glandular 

from the connective tissue , and gives very good cytological details. 

In studying the increase in the size of the nuclei, cells, 

and alveoli, a Leitz ocular micrometer was used with a Spencer's 

mechanical stage . The nuclei measured were those which showed most 

clearly the nucleolus . The alveoli measured were those in which 

the lumen was most clearly outlined and nearly circular. The 

entire alveolus was measured from the base of one cell to the base 

l of the opposite cell· The lumina were measured in their transverse , 

diameters, and the epithelial cells were measured along the dia

meter perpendicular to the circumference of the alveolus. There 

was no attempt at extremely accurate measurements as the only 

thing desired was to determine roughly the change in the size of 

the alveoli and cells from the thirteenth to the twentieth day. 

A few measurements were ta.ken by calipers on the nipples of 

the pregnant animals and served merely to confirm what could 

easily be seen with the naked eye, namely, that there is a marked 

increase in the size of the nipple during pregnancy. 

IV. Gross changes _!£ ~ ma.mna.ry gland during pregnancy. 

The only gross change that can be observed externally in the 

gland of the living animal during pregnancy is the increase in the 

size of the nipples . If a pregnant rat is suspended by the head 

or tail the nipples are seen to be very prominent. Part of this 

prominence is due of course to the stretching of the abdominal 

skin , but by fa~ the most of it is due to an actual increase in the 

size of the nipples . This increase in size is apparent to the 

naked eye and was easily verified by a few rough measurements with 

the calipers on virgin and pregnant animals. 
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The increase in the length of the nipple during pregnancy is 

associated with the complete degeneration of the 'epithelial hood' 

which surrounds, at least in part, the virgin nipple. Myers ('19) 

has described a partial degeneration of this hood at the time of 

puberty, but in virgin rats even four months old this hood has not 

entirely disappeared and is only partly degenerated on one side. 

During pregnancy, however, the degeneration is co~leted. At the 

end of pregnancy there is not a remnant of this hood left, 

excepting some necrotic debris in the groove which has taken its 

place. (See fig. 1.) 

The nipple, accordingly, in pregnant and lactating rats may 

easily be drawn out to nearly double its apparent length. In fact 

it is drawn out during the act of suckling, and the purpose of the 

degeneration of the epithelial hood is doubtless to allow for this 

increase in the length of the nipple for the accommodation of the 

young. 

Upon removing the skin from the freshly killed animal, the 

mammary glands are seen as whitish masses raised slightly above 

li the surface of the rest of the skin. The glands are streaked with 

numerous blood vessels, which indicate the extremely rich blood 

supply which the glands have during gestation. The arrangeimnt of 

the individual glands is best ma.de out with the aid of the cleared 

preparations. 

In the cleared specimens we can see that there has been a 

tremendous increase in the amount of the glandular tissue, which, 

roughly, forms two horseshoe-shaped masses, anterior and posterior, 

with their concavities facing each other. This appearance is 

brought about as follows. There is an overlapping of the glandular 
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tissue off the abdominal and inguinal glands of the same side . 

The second inguinals of either aide overlap across the mid-ventral 

line of the body and thus the caudal C-shaped mass of glandular 

tissue is formed . Likewise there is an overlapping of the three 

thoracic glands of the same side, and a transverse overlapping of 

the glandular tissue of the first thoracic glands of opposite 

sides. There is no overlapping of the last thoracic and abdominal 

glands--and no transverse overlapping anywhere except in the two 

regions noted above . 

era ('16) has called attention to this arrangement of the 

glandular tissue in the virgin animal and this overlapping is 

merely emphasized by the tremendous proliferation of the glands 

during pregnancy. 

A closer study of the cleared preparations sho that there ia 

one ma.in duct leading to the nipple pore and all the rest of the , 
ducts branch off from this one, as sho n by yera ( \lo ). From the 

sub-branches of the secondary ducts the buds are seen hich in the 

thirteen-day stage are nearly spherical hile they are larger and 

roughly ellipsoidal in the twenty-day stage . 

These bud-like outgrowths on section are seen to consist each 

of a group of alveoli . Thus each bud represents a lobule, hile 

a secondary duct with its lobules constitutes a lobe . Ho ver, it 

should be noted that the excretory duct of each lobe opens into the 

ma.in duct . before the ma.in duct passes through the substance of the 

nipple. 

lthough (as will be shown later) practically no mitoses or 

amitoses appear in the gland during this period, the cleared pre

paration in the gland parenchyma. of the 20 day stage showed more 
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lobules than that of the 13 day stage. It is very probable, 

however , that this represents an individual variation rather than 

a multiplication of elements in the second part of pregnancy. 

Some individual variation in the size and arrangement of the 

mammary glands of the albino rat is always to be expected. This 

was clearly shown by yers ('16), who was working on rats from the 

same colony from which the material for this study was taken. 

Further evidence that this apparent increase in the number of 

lobules is due to individual variation is that there is no visible 

difference in the number of lobules in the glands of the 13 day 

stage and those of the 16 day and the 18 day stages. The cleared 

preparation of the 19 day stage was lost and hence was not avail

able for a comparison, but it is very improbable that a multiplica

tion of the elements would not begin before the 19th day of 

pregnancy. If there were an increase in the number of lobules of 

the mammary gland in the latter part of pregnancy e would expect 

to find some evidence of the increase in the time elapsing from 

the 13th day to the 19th day stage. 

It might be objected that this lack of difference in the 

stages studied represents an individual variation hile the 

increased number of lobules represent the true condition~. In the 

absence of evidence of cell division, ho ever, I believe it safe 

to conclude from the material thus far studied that there is pro

bably no increase in the number of glandular elements in the 

second period of pregnancy, from the 13th day onward. 

v. Changes _!a microscopic structure. 

1. The nipple.--Aside from the increase in the size of the 

I nipple and the disappearance of the epithelial hood, the ma.in 

Ldifference in the structure of the nipples of pregnant and virgin 
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animals is in the amount of smooth muscle about the main duct. 

This smooth muscle, described by Myers ( '1q) in virgin animals, is 

well developed by the end of pregnancy. Since it is attached 

externally to the processes of the epithelium which project into 

the corium of the nipple and internally is continuous with the 

smooth muscle layer directly under the skin, it is probable that 

the purpose of this muscle is to aid the elastic tissue in re

tracting the nipple after it has been drawn out in the act of 

suckling (fig. 1). It also may aid in compressing the main duct 

of the nipple and thus facilitate the flow of milk; but to my mind 

this is rather the minor role of this muscle· The emptying of the 

ducts appears to be rather a passive process, and it seems un

necessary to assume that there must be some muscular elements (as, 

for example, the myoepithelial cells of La Croix and others) to 

aid in expelling the secretion. 

The lumen of the main duct of the nipple is enlarged con

siderably during pregnancy. This enlargement is purely mechanical 

and is due to the increase in the amount of secretion in the duct 

as pregnancy advances. There is apparently no change in the 

epithelium of the duct from that in virgin animals, which as 

accurately described by yers ('19). 

2. General structure. A low power vie of a section of the 

thoracic mammary gland of a 13 day pregnant rat gives a picture 

Which, excluding the pannioulus carnoaus, represents in general the 

Picture of any one of the mammary glands at any stage of pregnancy. 

The picture differs from that of a section of a virgin gland in the 

presence of lobules, more ducts, more blood vessels, and more 

cellular elements in the stroma. 
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relatively ·broad band of striated mueole (the panniculua 

carnosus) is seen running through the center of the section. On 

either side of this muscle is arranged the glandular parenchyma in 

the form of lobules and ducts scattered through the fatty tissue. 

Only occasionally do we see a duct opening directly into a lobule, 

an appearance which is brought about by the arrangement of ducts 

and lobules . It is to be remembered that the lobules bud off 

irregularly from the duct and hence in many places the duct will 

be cut and not the lobule; in other places the lobule will be 

apparently isolated, and only when the section happens to out the 

narrow stalk connecting the lobule and duct ill e see the true 

arrangement . 

Blood vessels and nerves are scattered throughout the section. 

The large nerves lie in close proximity to the muscle, hich they 

supply. The ducts and lobules are surrounded by sheathe of fibrous 

connective tissue and the rest of the stroma is mostly dipoae. 

In fact the wh~le picture, excluding the IIItlscle, gives an impression 

of sma.11 islands of glandular tissue in a lake of fat. (See fig.2.) 

This distribution of the adipose tissue is interesting from 

the point of vie of the development of the mammary gland . yers 

{'19) has shown that in young albino rats that fat is soon laid 

down in certain definite regions and into these regional pads of 

fat the mammary gland pushes its ay. Hence e see the explanation 

for the large amount of adipose tissue in sections of the pregnant 

gland. 

In discussing the finer structure of the gland the follo ing 

structures will be described in turn: (1) Changes in the stroma; 

(2) Changes in the ducts; and (3) Changes in the acini. 
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3. Changes in~ atroma.--Any stage from the 13th to the 

20th day might be described with reference to the stroma and the 

resulting picture with a few minor changes would represent the 

I etroma of any of the other stages. That is, the stroma is the 

more constant element in the gland, hile the parenchyma is under

going radical changes. 

Each duct is surrounded by a dense sheath of connective 

tissue, which is prolonged about the lobules hich are drained by 

this duct. (Fig. 3.) From the lobular sheath prolongations 

extend inwards and surround the individual alveoli. Where the 

sheath leaves the duct to pass about the lobule, it suddenly 

becomes very much thinner, an arrangement which is easily under

stood if we but refer to ahl's ('16) description of the mode of 

proliferation of the ducts and lobules. 

Here an explanation is given for the appearance of the stroma 

of the gland after all the lobules and acini are formed. The first 

bud hich pushes out carries with it a covering of fibrous oonneo-

tive tissue derived from the sheath of the parent duct. his bud 

enlarging, keeps pushing ahead of it the connective tissue sheath, 

hich as a result becomes very much thinned. Of course this 

thinning out would not result if the gro th of the etro a of the 

gland kept pace 1th that of the parenchyma; but Duclert ('93) and 

Steinhaus ('9Z) have clearly shown that the stroma lags far behin 

the parenchyma as regards growth. ]one of the specimens studied 

sho ed any structure resembling a membrana propri • 

Turning from the covering of the ducts and lobules to the 

covering of the individual acini, one sees that in the 13 day 

stage it is relatively loose (fig. 4) , being composed of elastic 
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and collaginoue fibers and traversed by capillaries. By the end of 

pregnancy, however, the acini have enlarged to such an extent that 

this sheath has been stretched. As a result, it appears more dense 

and is closely applied to the base of the alveolar epithelium, 

giving an appearance of a membrana. propria. 

That this appearance of a membrana propria is a result of the 

stretching of the interlobular connective tissue and that the 

membrana. propria, as such, does not exist in the mamnary gland of 

the pregnant albino rat, is slx>wn by a study of the stages used for 

this work. Figure 4 shows that the sheath is loose and only when 

the aoini are distended with secretion do e get the appearance of 

a basement membrane (fig. 6). Since the sheaths of the ducts are 

imbedded in soft adipose tissue, no distention of the ducts 

stretches the sheath since the adipose tissue yields to the 
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between pregnancy and the amount of elastic tissue in the stroma 

of the mammary gland. As shown in the review of the literature, 

little has been accomplished towards a solution of the problem. 

In my material there is an unfortmiate arrangement of the age of 

the specimens. With two exceptions the further advanced the 

pregnancy the older was the rat . As a result all I can do is to 

describe the elastic tissue as I found it and to point out some 

~ factors suggested by the findings. 

In sections stained with Unna's orcein, the elastic tissue 

fibers are seen to be running lengtl:lwise in the connective tissue 

sheaths about the ducts, and are prolonged in the form of fe 

fine fibers about each lobule . From this lobular sheath fine 

fibrils are sent in which, in the latter stages of pregnancy, 

surround each alveolus . 

In the 13 day stage , in most oases it is extremely hard to 

see any elastic tissue about the individual alveoli, but by the 

end of 18 days and 12 hours it is easily seen that each alveolus 

is completely surrounded by a fine network of elastic tissue. 

In the earlier stages the elastic fibers are fine and delicate, 

while in the later stages most of them are exceedingly coarse. The 

sections show that in the ap:lcimens used for this' study there is 

apparently a great increase in the aIIX)unt of elastic tissue about 

the ducts from the 13th to the 20th day. This increase is a 

progressive one; that is;--the 15 day stage has more than the 13, 

the 18 day stage more than the 15 day stage , and so on. 

On the face of it , this would indicate that pregnancy causes 

a proliferation of elastic tissue in the mammary gland, but as 

previously pointed out , the age of these specimens, with t o 

exceptions, is arranged parallel with the advance of pregnancy. 



Pa e 26. 

For reference I will arrange the representative stages in order 

as the amount of elastic tissue increases and indicate the age of 

eaoh specimen : 

1. Rat No . 102, 

2. Rat No . 106, 

3. Rat No . 105, 

4. Rat No . 101, 

5. Rat No . 104, 

5-1/2 months old, 

6 months old, 

10 months old, 

3-1/2 months old, 

10 months old, 

13 days pregnant. 

16 days pregnant. 

16 days,12 hrs.pregnant. 

18 days,12 hrs.pregnant. 

19 days pregnant. 

6. Rat No . 103, 9 months old, 20 days,9 hrs. pregnant. 

Between 1 and 2 it was sometimes difficult to say which had the 

more elastic tissue, and this was also the case with 5 and 6. But 

with 1 and 4 there was no question at all. Rat 4 had much more 

elastic tissue than did rat 1, although the former was t o months 

younger than the latter. See figs. 6 and 7.) 

With regard to the interalveolar elastic tissue, therefore, 

one pertinent fact stands out. The alveoli are ne formations 

Which appear after the beginning of pregnancy, and hence age can 

Play no direct part in their formation. But during pregnancy, the 

further advanced the pregnancy, the more prominent do the inter

a.J.veolar elastic tissue fibers become. The picture thus presented 

suggests very strongly that pregnancy stimulates the proliferation 

of elastic tissue in the mammary gland of the albino rat. 

The adipose tissue is very plentiful in the stroma of the 

gland in all stages studied, and its distribution and significance 

have already been referred to under the general structure of the 

gland. 

The stroma. of the ma.mnary gland is very rich in cellular 

elements, many of which are of the wandering type. A great number 

of these wandering cells are mast cells, which are scattered 
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throughout the stroma., in the connective tissue sheathe about the 

ducts, in the walls of blood vessels, in the meshes of the adipose 

tissue, and between the alveoli. It should be hoted here that ma.at 

oells are not only common in the mammary gland_ of the albino rat 

during pregnancy but, according to Professor Downey, are present 

in large numbers in this animal during its whole life. They are 

found most plentifully in the subcutaneous tissues, but are also 

found free in the peritoneal fluid and in the lymph nodes. 

Many other wandering cells of leucocytic or lymphooytic type 

were found in the stroma. in all the stages studied. In many cases 

here these cells were found between the alveoli it was difficult 

to decide whether they were inside or outside the capillaries. 

Scattered throughout the stroma., but tending for the most part 

to be located in olose proximity to the lobules a.re many arterioles 

Which send capillary branches in to supply the lobules. These 

intralobular, or more accurately, interalveolar capillaries a.re 

very thin walled and in most places are represented only by endo

thelial cells. In the 13 day stage, these capillaries sho no 

distention and the nuclei of the endothelial cells a.re large d 

vesicular, showing no evidence of being subjected to an pressure 

In the 16 day (plus 2 hours) stage, ho ever, these capill ies re 

beginning to dilate and the endothelial nuclei are flatter as 8 

' 
result of the increased pressure from the expanding alveolus. In 

the 18 day (plus 12 hours) and in the 19 day stages, the oapillari 

are greatly dilated. At 20 days plus 9 hours )(a fe hours before 

delivery), they are enormously distended with red blood corpuscles, 

B.nd the endothelial nuclei are very much flattened. 

In regions where striated muscle is seen, large nerve trunks 

also appear lying in close proximity to the muscle. They are 
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probably destined for the moat part to the supply of t e e 

muscles. No attempt was made in this investigation to study the 

nerve supply to the gland substance. 

4. Changes in the ducts.--The epithelium lining the duote in 

the mammry gland of the white rat ie double-layered throughout. 

The inner cells are cylindrical or ouboidal, regularly arra ed, 

1th their long axis perpendicular to the is of the duct. 

The cells ma.king up the deep or peripheral layer of the duct 

epithelium are smaller and more irregularly arranged. They re 

irregularly flattened cuboidal and are arranged ith their short 

axis parallel with the long axis .of the inner layer of cells i.e., 

they tend to encircle the duct. (Fig. a ) In many places the e 

oelle appear to send processes up for a short distance bet een h 

cells making up the inner layer. 

In the 13 day stage, the cytoplasm of the inner layer o uot 

cells ie finely granular, almost homogeneous, and sho a no ei of 

any secretory activity. This condition holds true until the 16 

day (plus 12 hours) stage. In this stage a fe fine vacuoles 

be Been in the cytoplasm of the inner layer of cells· hese 

vacuoles are not numerous but tend to sho that secreter 

on the part of these cells has begun. 

ctiv1 

From 16 days (and 12 hours) up to ithin a fe hours of 

delivery the vacuolization of the cytoplasm of the inner 18 er of 

epithelial cells becomes progressively more and more pronounced and 

at the end of pregnancy these cells appear to be actively aecre ing 

lllilk. ( ig. 9) 

The cytoplasm of the peripheral layer of duct cells is finely 

sranuiar and almost homogeneous, and even in the last stages of 

Pregnancy these cells show no sign of secretory activity. 
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In the 13 and the 15 day stages, the nuclei of the inner layer 

of cells are in many places elliptical and in others round. They 

occupy about the middle of the cell. They are for the most part 

so crowded that as a consequence there seems to be very little 

cytoplasm at the sides of the nuclei and the line of demarcation 

between the individual cells is ertremely poorly defined. The 

chromatin is scattered in the form of granules, more or less 

uniformly throughout the nucleus, but is not plentiful enough to 

make the structure look dark. The nuclei are rather vesicular in 

appearance, but not so much eo as the nuclei of the acini, hich 

ill be described later. The explanation for the fact that in 

some places the nuclei appear elliptical and in other places round 

may be that moat of them are actually ellipsoidal, but appear round 

only when cut transversely to their long ax.is. fter secretory 

activity begins in the cells of the inner layer, the nuclei of 

these cells appear to be more rounded and there is more cytoplasm 

between the individual nuclei. 

The nuclei of the deep layer of cells are round, relatively 

small, and are placed in each case near the center of the cell. 

It is these basal cells that have probably been mistaken by 

many authors (Benda, Bertkau, La Croix and others) for myo

epithelial cells. Their shape and the fact that they send up 

small processes between the cells above them suggest the myo

epithe lial cells of the s eat glands. Their staining reactions and 

general appearances, ho ever, in the ducts of the manmary gland of 

the albino rat, indicate that they are merely a basal layer of 

irregularly shaped and arranged epithelial cells . Some of the 

more common differential stains ( llory's connective tissue stain · 
' 

Van Gieson ' s stain, and cresyl violet) ere used on these 
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preparations, and all of them show conclusively that these cells 

are epithelial in structure. 

Whether or not they possess contractile properties I am unable 

to state, but as mentioned under the discussion on the smooth 

muscle in the nipple, there seems to be no reason for assuming th t 

these cells must have contractile properties in order to aid in 

emptying the milk ducts. 

5. Changes in the aoini.-- The changes in the acini ill be 

discussed in the following order: (1) Changes in the size of the 

alveoli , cells, and lumina; (2) cytoplasmic changes including 

secretion; and (3) nuclear changes. 

The alveoli, in all stages, re lined ith a single layer of 

columnar or cuboidal cells, which are arranged about a central 

lumen. The lumina of the alveoli increase in size during the 

latter half of pregnancy, from an average of 5.8 micra in the 

13 day stage to 17.5 micra in the 20 day (plus 9 hours) stage. 

This increase progresses· as follows:--13 days, 5.8 micra; 15 da 

7.2 micra; 16 days and 12 hours, a.o miora; 18 days and 12 hours, 

19.1 micra; 19 days, 13.7 micra; 20 days and 9 hours, 17.5 micra. 

ile these changes ere going on in the lumen of the alveoli, 

the average diameter of the alveoli as increasing as follo s:-

in the 13 day stage, 30.8 micra; 15 day stage, 31.0 micra; 16 days 

and 12 hours, 32.0 micra; 18 days and 12 hours, 35.9 micra; 19 

days, 36.8 micra; 20 days and 9 hours, 40.6 miora. 

In the same stages, the average height of the epithelial cells 

as as follo s:--13 days, 11.1 micra; 16 days, 10.7 micra; 16 days 

and 12 hours, 9.3 micra; 18 days and 12 hours a. 5 micra; 19 days, 

11.7 miora; 20 days and 9 hours, 12.1 micra. 
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The foregoing figures represent an average of 20 measurements 

for each stage. They are only approximate, of course, as the 

relatively few observations cannot be expected to give more than a 

rough index of the changes in the successive stages. However, the 

figures indicate that there has been a marked increase in the size 

of the lumina of the alveoli, and that there has been an increase 

in the total diameter of the alveolus, while the alveolar cells 

have undergone but little change in height. 

The explanation for the slight progressive decrease in the 

height of the epithelial cells in the 16, 16 a.nd 18 day stages is 

probably twofold. In the first pl~e, the cells perhaps have not 

reached their full growth in width and hence are of necessity 

flattened out hen the alveolus is becoming rapidly distended. In 

the second place the lumina of the acini in these stages are 

distended to their greatest capacity and the sheaths about them are 

stretched, it appears, to the limit. At the same time the lumina 

of the ducts are not so distended; in the next stage, ho ever, the 

ducts are more distended and the am::>unt of secretion in the lumina 

of the acini seems to have decreased, a result probably brought 

about by the emptying of the secretion out of the acini into the 

ducts, thus relieving the pressure on the alveolar epithelial cells. 

This might permit the increase in height noted at 19 and 20 days. 

It might be asked here how the acinus could increase in size, 

the lumina increase in diameter, and at the sa~e time the eight 

of the epithelial cells remain practically constant, without an 

increase in the number of these cells? This leads us to the 

question of mitoses in the gland hich ill be taken up later. But 

a count of thirty acini in each stage showed that the average number 



Page 32. 

of oells about the lumina of the acini is eight , --the extremes in 

a single acinus being six and ten. 

The explanation of the increase in the size of the acini ith 

no increase in the number or decrease in the height of the epi

thelial cells , is that the cells enlarge, lose their high columnar 

form, widen out, and become low columnar or cuboidal . Thus the 

acinus can increase in size without an increase in the number of 

cells lining it, and with no marked change in absolute height. 

The increase in the diameter of the ent ire alveolus is 

accounted for by the increase in the size of the lumen of the 

alveolus . The total increase from the 13th to the 20th day has 

been 10 micra, and in the same time the lumen has increased 11. ? 

micra. This discrepancy would probably disappear if a larger 

number of measurements on more specimens was taken. 

Secretory changea.--The cytoplasm of the alveolar epi

thelium of the 13 day stage has a foamy appearance, which is due to 

the presence of a great many fine vacuoles. These vacuoles are for 

the most part small, round, discrete, and arranged irregularly 

throughout the cell. As before mentioned, they are so great in 

number and so close together that they give the cytoplasm of the 

cell the appearance of a fine lace ork . In many places some of 

these vacuoles are seen to be confluent . 

By the 15th day the vacuolization of he cytoplasm is much 

more pronounced than in the 13 day stage. This appearance is due 

no doubt to the enlar ent of the single vacuoles and the 

coalescence of many others. As yet there is no sign of any secre

tion in the lumen of the alveoli or ducts (see fig . 10 ). 

The cytoplasm of the acinar cells in the 16 day 12 hours stage 

shows merely an exaggerati on of the condition in the Previous stage . 
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That is, the vaouoles in the cytoplasm are much larger. 

In many places one observes what appears to be a ndecapita

tion" of the oells, that is, a detachment of the inner portion 

adjacent to the lumen. Indeed, as mentioned in the review of the 

literature, some authors have held that the secretion of the 

mammary gland owes its origin, for the most part, to such a 

prooess. 

A careful study of these oells shows, as a vru.le, one of two 

things. e find either a portion of the section which has been 

poorly cut, or a location in whioh a secretion droplet is so large 

that it has ruptured the oell membrane and carried before it the 

inner end of the cell, or (rarely) even the nucleus. 

In regard to the first possibility it should be emphasized 

that unless one is extremely careful in all the steps of his 

technique, the specimen will ahow various distortions and arte

facts. In sections out with a knife that is slightly dulled one 

Will often get sections in which the whole epithelial lining of a 

duot is being displaced ~ masse, leaving the naked connective 

tissue behind, or there ill be alveoli fragmented and blood 

vessels ruptured. This, of course, would be an extreme case, but 

muoh less distortion might readily produce appearances of 

deoapitation" in the lining epithelial oelle. This fact as 

pointed out by O'Donoghue ('11) in the course of his ork on the 

marsupials. In this connection it may be noted that if the tissue 

happens to be a piece of the gland imbedded hile still attached to 

the skin, and it is cut a that the knife passes through the akin 

before it passes through the gland, there will be many artefacts , 
which will not be present if the knife passes first through the 

softer glandular part of the tissue. 

) 
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As regards the second possibility, many of the cells contain 

secretion droplets larger than the nucleus of the corresponding 

cell. It would seem impossible for such large droplets to get out 

of the cell without doing at least some damage to the cell 

membrane. It must be borne in mind that here e are dealing with a 

condition different from that which obtains in certain mucous cells 

in which extremely large secretion droplets are formed. In the 

latter, the nucleus and cytoplasm are pushed to the base of the 

cell and the cell membrane--if any--has a chance to regain its 

integrity before the cytoplasm can be extruded. In the mammary 

gland cell, however, some of the cytoplasm may be pushed ahead of 

the secretion droplet and forced out ith it. Occ sionally, as 

b6fore mentioned, even the nucleus is carried ahead of the droplet. 

Still another fact leads me to believe that this so-called 

"decapitation" process is accidental and not an essential part of 

milk formation, and that is the rel tive scarcity of such appear

ances. Inde-d the more perfect the section, the fewer of these 

"decapitated" cells appear. 

In other places in the 16 day stage one see a seemingly 

ragged edge to some of the alveolar epithelial cells next to the 

lumen, an appearance which is probably due to an actual secretion 

being extruded from the cell. ) 

In this 16 day stage, there is, in the lumina of the ducts 

and acini, qUite an amount of secretion hich is homogeneous, 

lightly staining, and contains many vacuoles, resulting perhaps 

from the dissolving out of the fat contained in it. 

The cytoplasm of the acinar epithelial cells is very mu.ch more 

vacuolated in the 18 day (plus 12 hours) stage than in any of the 

J stages previously described. There are many more of the vacuoles 
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which are larger than the nucleus of the containing cell than there 

were in the preceding stage. There are also many more examples of 

secretion granules or droplets being extruded from the alveolar 

cells. (f<c·ll ) 

In the lumina of the acini , besides the secretion already 

described, there is some granular debris which by its staining 

re ction with cresyl violet appears to be of nuclear origin. This 

debris perhaps comes from the nuclei which have been pushed out by 

the extremely large secretion droplets in _the manner described in 

the foregoing stage . Does this nuclear debris give rise to the 

nucleo-proteins of the milk? It undoubtedly contributes, at 

least in these stages studied , but as to hether it forms an 

essential constituent of the secretion or not I am unable to state . 

By the 19th day the height of the secretory activity of the 

alveolar cells seems to have been reached, at least no further 

vacuolization of the cytoplasm is observed. Prom this stage up to 

within a few hours of delivery no changes in the cytoplasmic struc

ture of the cells can be observed. There is abundant secretion 

present in the lumina of the ducts and acini . Q 1 (J- ·1 ~J 
The nuclei of the acinar cells show no observable change 

during the period from the 13th day to within a fe hours of birth. 

These nuclei are about 6. 07 micra in diameter (an average of twenty 

measurements in each stage) . Since they do not increase in size 

as the epithelial cell increases, they appear relatively smaller 

in the latter stages of pregnancy. 

The chromatin of these nuclei has a very definite arrangement . 

The chromatin masses are arranged about the periphery of the 

nucleus and a well defined nucleolus in about the center. 

(Fig. f1.- ) This arrangement of the chromatin corresponds to that 
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described by Szabo ( 1 96) in the epithelial cells of the active . 
mammary gland of guine pigs. 

Only two unquestionable mitoses were observed in the stages 

studied. Both of these were in the 13 day stage. Fig. 12 ) 

Furthermore, no definite evidence of amitosis could be observed. 

The absence of cell division, together with the fact that there ia 

no increase in the number of cells about the alveoli in the stages 

studied, indicates that the gland has already reached its maximum 

growth (so far as number of cells is concerned) by the 13th day of 

pregnancy. 

6 . Colostrum form tion.--In studying the epithelium of the 

ducts and acini, nuclei hich resembled lymphocytic or leucocytic 

nuclei ere observed in many places. hese nuclei ere pparently 

passing through the wall of the ducts and acini. Unf'ortunately 

none of the material used in this study had been fixed in Hell 's 

fluid and hence no satisfactory Giemsa or Dominici stain could be 

used, hich ould have shown more clearly hether or not these 

nuclei bebng to the blood elements. 

There are, ho ever, evidences indicating that these nuclei 

belong to cells of the wandering type. First, one must bear in 

mind that there is not a great deal of irregu.larit in the 

position of the epithelial nuclei of the ducts or acini, th t ia, 

they are about on the same level. These sus cted nuclei, ho ever, 

are usually seen either above or belo the level of the epithelial 

nuclei. They are much smaller and much ore den el st ining than 

the nuclei of the epithelial cells, and their chromatin sses 

though dense, have fairly definite outlines. ig. 8 ) 
Occasionally they are surrounded by a clear space ann in one o se 
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12 hour stage a few desquamated epithelial cells were observed in 

the lumina of the ducts, but since they were not fatty they do not 

represent true colostrum oorpueoles. The cells in the latter 

stages are in most oases as large as the epithelial cells of the 

gland; they have many fatty vacuoles, and the nucleus for the most 

part is large, round, and vesicular, appearing identical ith the 

nuclei of the epithelial cells. 

In other oases, these cells are smaller, the cytoplasm is not 

quite so vacuolated, and the nucleus resembles that of a leucocyte 

or lymphocyte. A third class of these cells, hich occur more 

rarely, resembles macrophages, in that they have a crescent shape 

nucleus and abundant, lightly-staining cytoplasm, filled 1th n 

great many vacuoles. (For the various types of colostrum 

corpuscles see fig. 9 ) 
at is the origin of these cells? I have already discussed 

the probability that the cells resembling lymphocytes an leuco

cytes might actually be such, hich have andered through the 

alls of the ducts and acini. Such cells, either in the lu.mina o~ 

these structures or before they pass through their lls, h 

become laden ith fat lthough no f tt leucocytes ere ob erved 

anywhere in the stroma. 

e to the origin of those occ sional cells hich ese ble 

macrophages, it is impo aible to state definitel • he dif erent 

shape of the nucleus might be accident l or due to so e e ner ti 

process. Ho ever, Professor Do e ho kindl e ined so e o 

my preparations) called my attention to the presence of so 1 rge 

apparently phagocytic cells in the interalveolar spaces. c e 

study ith special stains might possibly sho that these 1 rge 

phagocytes occasionally pierce the alls of the ducts or cini. 
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It should be emphasized that this desquamation of epithelial 

cells is not a pathological condition, nor is it an artefact due to 

faulty technique. I have excluded all cases where there is an 

extensive desquamation of cells, or where the walls of the duota, 

acini , or blood vessels indicate a previous injury or abnormality. 

Only those oases were chosen for study in which the gland appeared 

perfectly normal in structure. 

Before leaving the question of the origin of colostrum 

corpuscles, we may consider the theory of Steinhaus ('93) and 

Unger ('98), according to which mast oells are thought to be 

transformed into colostrum corpuscles. Attention has already been 

called to the large number of mast cells in the atroma of the 
hat 

mammary gland of the albino rat during pregnancy. ~this is a 

fairly constant occurrence in other forms, as ell as in the rat, 

is indicated by the reports of Unger ('98), Steinhaus ('9~), 

'chaelis ('98) and Berka ('11). 
':L 

Steinhaus ('9t) states, after describing the number and 

appearance of the mast o ells in the mamnary gland of the pre ant 

guinea pig, "S~ viel es scheint, sind die Colostrum rperchen 

" stzellen mit verfettenen eosinophilen Kornern" . A close einfach 

study of his figures, however, fails to sho a single mast cell 

undergoing fatty metamorphosis, or passing through the lls of the 

ducts or acini, or in the lumina of these structures. Furthermore 

the granules of mast cells are obviously not eosinophilic. 

Unger ('98) is more definite in his statements regarding the 

relation of mast cells to colostrum. He found these cells in the 

glands of humans and guinea pigs, in large numbers around the blood 

vessels and ducts, between the fat cells in the retro-mammary fat 

tissue, between the alveoli and sending up processes between the 
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epithelial cells, in the perialveolar lymph and blood spaces, and 

in the axillary and retro-mammary lymph nodes. He claims to have 

demonstrated fat granules in the bodies of these cells, but other 

authors , particularly Bertkau ('07) and Berka ('11) have since 

questioned whether these cells were actually mast cells. 

Unger cone ludes by approving Czerny' a theory of the leucocytic 

origin of colostrum corpuscles, but goes f rther in ascribing to 

the mast cells the major r8le in this process. 

Berka ('11), however, in discussing this t ory, states that 

the m re presence of these mast cells in the gland during pregnancy ' 

does not prove that they aid in forming colostrum. Furthermore he 

was unable to demonstrate any fat in a single one of the mast cells. 

In the case of the rat, it is an easy matter to settle this 

question, for here we have mast cells in great numbers. Their 

distribution has already been described under strome.. (Fi1·~J 
If the mast cells take any part in the formation of colostrum, 

evidence should appear in the following respects. (1) If the mast 

cells undergo fatty metamorphosis, this process should appear even 

in ordinary stained sections. (2) Some of these cells should be 

seen passing through the walls of the ducts or acini. (3) Some 

of them should be seen free in the lumina of these structures. 

In a careful study of hundreds of sections, I have not seen a 

single mast cell undergoing fatty metamorphosis and in no case as 

a mast cells observed in the alls of the ducts or acini or within 

the lumina. It is therefore certain that in the rat, 

mast cells take no direct part in colostrum formation. 

at least, 

The picture presented, then, is one in which there i .s an 

increasing number of cellular elements in the -secretion of the 

mammary gland as pregnancy advances. These cells present various 
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st ges of fatty vacuolization and represent true colostrum 

corpuscles. The following conclusions therefore appear justified 

on the basis of the evidence which has been presented. 

1. Colostrum corpuscles in the rat are independent nucleated 

cells. This confirms the view of practically all modern investi

gators with the exception perhaps of Benda ('93) who regards free 

cells in the lumina of the ducts and acini of the mammary gland as 

artefacts. 

2. Colostrum corpuscles originate for the most part from 

desquamated epithelial cells . This agrees with the conclusions of 

Reinhardt ('47), v. Beuren ('49), ill ('49), Scanzoni ('55), 

Stricker ('66), Kehrer ( 1 71) , Langer ('71), de Sinety ('75) , 

Buchholz ('77), Coen ('88), Kadkin ('90), and Palazzi ( 1 00), but 

disagrees with Rauber ( 1 79), Saefftigen ('81), Czerny ('90), 

Benda ('93), Steinhaus ('93), v . Ebner ( 1 96), Unger ('98) , 

Cohn ('00) and Bab ('04). 

3. Some of the colostrum corpuscles may arise from 

immigrated lymphocytes or leucocytes. Palazzi ('OO),so far as I 

know, is the only author who calls specific attention to the 

double origin of colostrum corpuscles. 

4 . st cells play no direct part in the formation of 

colostrum corpuscles . This is in a eement ith the conclusions 

of Cohn ('00) and Berka ('11), and opposed to the claims of 

Steinhaus ('93) and Unger ('98). 

VI. Two principal phases. 

The picture presented by the mamnar gland of the albino rat 

in the latter part of pregnancy is that of a gland hich has 

already reached its maximum growth, so far as a multiplication of 
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elements is concerned. From the thirteenth day on, any enlarge

ment is due chiefly to a mechanical distention of the hollow 

structures of the organ, together with hyperemia, although there 

is also hypertrophy of the glandular cells. 

The gland is undergoing striking histological changes, which 

are directed towards the elaboration of secretion. As a result, 

the parenchyma is the part of the gland that is changing, while 

the stroma (aside from the increased vascularity) remains 

practically unchanged, excepting secondary changes due to pressure 

associated with the growth and expansion of the parenchyma. 

The secretory activity of the gland is evidenced by a hyper

trophy of the glandular elements. The acini increase in size, 

their lumina enlarge, and their epithelial cells become much 

larger. The cytoplasm of the epithelial cells becomes progressive

ly vacuolated, first in those of the acini, and later in tho e 

lining the ducts. The cells re:imin clearly outlined and do not 

lose their definite form, and the nuclei do not change in position 

or appearance. These facts indicate that the cytoplas c 

vacuolization is the result of the secretory activity of the cell, 

and is not a sign that the cell is undergoing fatty metaIOOrphosia 

or necrobiosia. 

Two stages can therefore be reco ized in the ch.an ea of the 

mammary gland of the albino rat during pregnancy• heae 0 

phases, as described by noel and Bouin ('11) and Schil '12), in 

the rabbit, are (i) a phase of ~oth activity, and (2) a phase of 

secretory activity. The first hi ch occurs in stages earlier 

than those covered in the present paper) is marked by the addition 

of new elements--an increase in the number of ducts and lobules , 
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and an infiltration of lymphocytes and leuoooytea. The second · 

phase begins in the latter half of pregnancy (the period studied 

in the present investigation). Here the epithelial cells begin 

to elaborate secretion and from now on any growth is due chiefly 

to cellular hypertrophy and enlargement by accumulation of 

secretion and by hyperemia. At the same time the leucocytic 

infiltration is be oming progressively less prominent. The forma

tion of colostrum also falls within this period. 

VII. Swmnary. 

The conclusions from a study of the mam:DB.ry gland in the 

albino rat from the 13th to the 20th day or end of pregnancy) 

may be summarized briefly as follo a. 

1. The nipple increases in size during pregnancy, but has 

apparently reached its maximum gro th by the 13th day. he epi

thelial hood about the nipple entirely dis ppears during 

pregnancy, resulting in an elongation of the nip le, and at the 

same time the smooth muscle about the main duct has become ell 

developed. 

2. The etroma, aside from progressive increase in the blood 

vessels, and an increase in the el stic ties e pecially round 

the ducts) sho a no marked changes. here is no membra.na propria 

around the acini, aside from a thin connective tissue sheath 

formed by their distention. 

3. There is a tremendous proliferation of the mammary 

parenchyma during pregnancy• Hyperplasia is evidently con:fined 

hhiefly to the first half of pregnancy, as mitoses are rare from 

the 13th day and amitoses apparently absent. he ducts and acini 

continue to increase in size, ho ever, partly through hypertrophy 
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of the epithelial cells, and partly by accumulation of secretion 

within the lwnina. 

4. Progressive cytoplasmic vacuolization, indicating 

secretory activity, is apparent in the acinar epithelium from the 

13th day, and some days later in the cells lining the ducts. The 

maximwn degree of vacuolization is reached by the 19th day. 

"Decapitation", or detachment of the inner portion of the acinar 

cells during secretion, is a rare occurrence and does not represent 

the usual mode of secretion in the stages observed. The secretory 

cells usually remain intact. 

5. Colostrwn corpuscles are derived ohie:flY from desquamated 

epithelial cells of the ducts and aoin1 . Some m!J.Y be derived from 

immigrated lymphocytes or leucooytes. st cel1a are abundant in 

the stroma, but take no direct part in the formation of colostrwn 

corpuscles. 
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IX. Explanation of Figures . 

Fig. 1 . Drawing of nipple . Rat 16 days, 12 hours pregnant . 

Shows that epithelial hood has entirely disappeared leaving a 

groove, E. H. , in its place . This groove contains some granular 

debris, D. This also shows the well developed smooth mu.sole , 

s .. , about the main duct, ~ . D. , of the nipple. The smooth muscle 

does not extend up to the nipple pore, . P. A hair follicle, 

H. F., and a sebaceous gland, S.G. , are shown on t he left. Zenker's 

fixation , eigert ' s iron haematoxylin oounterstained ith 

Van Gie son ' s stain. 17 miora. X ~ ~~ " ) 

Compare this section ith fig. I{ in ..:yers' ( '19b) paper, 

which shows only a slight degeneration of the hood. 

Fig. 2. This is a lower po er dra ing of a section of one of 

the abdominal mamma.r-· glands of a rat 18 days, 12 hours pregnant. 

Drawing does not show panniculus carnosus muscle . BV, blood 

vessel; AT, dipose tissue; D, duct; DS, duct sheath; L, lobule; 

IA, interalveolar connective tissue; , alveolus. Zenker's 

fixation . Mallory's connective tissue tain. 5 micr . 1 I -i. o 

Fig. 3 . Drawing through duct and nei hboring acini . at 15 

days pregnant . This section sho a t· e resence of st cells, as 

well as the rapid thinning of the fibrous sheath of the duct, as 

this sheath passes about the lobule at Lb . B , bas 1 layer of 

duct epithelium; L, lumen of duct; st cell; st cell 

between two alveoli; IL, inner layer of duct e ithelium. t t his 

stage shows no vacuolization. LA, lumen of alveolus; c, 

vacuolated alveolar cytoplasm; CTC , cellular elements of connective 

tissue. Zenker ' s fixation. Cresyl violet stain. 4 micra. ~ o 
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Fig. 4 . l veolus from gland of rat 13 days pregn t . 

Connective tissue sheath, CT , is relatively loose . Endotheli 1 

cell nuclei , E, show no pressure effects . totic figure , 

shown in one of the cells . Zenker ' s fixation . eigert's iron 

haemat oxylin, counterstained with Van Gieson's stain. 4 micra. ~ 

Fig. 5 . c ini from gland of rat , 18 days , 12 hours pregnant . 

IACT , interalveolar connective tissue is seen to be stretched 

about acinus giving appearance of a membr na propria . A mass of 

secretion, S , is seen in the lumen of the central acinua . Secre 

tion granules, S, are seen being extruded from one of the acinar 

cells · distended capillary, C, and a ma.st cell, ~ . are also 

shown. Zenker's fixation . Cresyl violet stain. 4 micra. 

Fig. 6. Sketch showing ela tic fibers, E, bout duct, D. 

A well defined elastic sheath, LS , is seen about the lobule . ~he 

alveoli , AL, show almost no el stic tissue about them. An 

arteriole is seen at A. Section from gland of r t 5-1/2 months 

old , 13 days pregnant . Zenker's fixation· Unn 's orcein st in. 

4 micra.Jll 'l- 0 

Fi g . 7 . Compare this section ~ith the one ho i fig. 6. 

Here there are a great many more elastic fibers , bout the 

duct, D. he l obul ar sheath , LS , is ell define and the cin r 

elastic sheaths , S, have a eared . alveolu 

is adipose tissue . Section from r t 5-- 2 

12 hours pregn~t . enker ' s fixation . 

4 mi cra. 

1 labeled at 

onth old; 18 d 

orcein t in. 
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Fig. s. Section through wall of duct of gland of rat 13 days 

pregnant . The basal layer of cells , BL, are shown with a process , 

P, sent up between the cells of the inner layer, IL. This section 

also shows a lymphocyte (?) ,L, in the wall of the duct and 

surrounded by a clear space , cs. Another suspected nuclei is 

shown at L' . Zenker ' s fixation . Cresyl violet stain. 5 micra. 

Fig . 9. Portion of wall of duct and colostrum corpuscles 

in lumen. From gland of rat 19 days pregn nt. IL, l nner layer 

of cells showing secretory activity of cytoplasm; BC , basal cell. 

No vacuoles are present in any of the basal cells . DS , duct 

sheath; C, colostrum corpuscle with nucleus identical with those 

of the inner layer of epithelial cells of the ducts ; C', colost 

corpuscle with double or fragmented nucleus ; , colostrum 

corpuscle which resembles fatty macrophage. ote crescent shaped 

nucleus and abundant cytoplasm. EC , desquamated e ithelial cells 

still adherent to each other--seemingly end to end . Zenker's 

fixation . Cresyl violet stain. 6 micra . X 1s0 

Fig. 10. Acinus from gland of rat 13 days regn nt. ho s 

presence of many fine vacuoles in cytopl sm of the cells. Section 

is tangential so some of the cells appe r to have more t n one 

nucleus . A lymphocytic-like nucleus is sho t L, urrounded b 

Zenker ' s fixation. Cresyl violet stain. 6 micra. X 7 s-
Fig . 11. Acinus from gland of rat 18 ays , 12 ho~rs pregnant . 

Cytoplasm much more vacuolated than in f · g •. 10 . S, secretion mass; 

ND , nuclear ?) debris; Se, secretion being extru ed from cell · 

enker's fixation . Cresyl violet stain. 6 micra . 7~o 
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Fig. 12 . Acinus from gland of rat 19 days pregnant . Secre

tion mass with fat vacuoles , F , seen in lumen. This secretion 

shows characteristic arrangement of chromatin in nucleus , N. K 

well defined nucleolus , Ns , is shown. Zenker ' s fixation. Cresyl 

violet stain. 6 micra. X 7 s-o 

Fig. 13. Portion of wall of duct of gland of rat 19 days 

pregnant . A large cell , ., is seen in the wall of the duct . hie 

cell has staining reaction different from that of the epithelial 

cells. This cell might possibly be a macrophage . r:,. C represents 

' a greatly distended capillary. Zenker' s fixation . 

connective tissue stain. 7 micra. X 300 . 

llory' s 

Fig . 14. A, Section through 11 of large duct of gland 

from rat 18 days , 12 hours pregnant. ~pithelial cell, EC , being 

desquamated . Basal cells shown at BC . 

B, all of smaller duct from sac:a section. 

Epithelial oell, C, shown free in lumen; it has not yet lost its 

cylindrical shape . BC , basal cell. 

enker's fixation . • allory's connective tissue 

stain. 6 micra. X 7 5" 0 
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