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Abstract: This article provides a brief overview of mammary gland structural and functional
characteristics of a non-pregnant virgin mammal and occurring morphofunctional changes
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The mammary gland is a unigue organ that has the ability to complete its full cycle of growth
and development each time to fully provide the necessary nutrition and other substances to the
emerging new offspring [1, 11, 44].

There is a significant number of works devoted to the morphological study of the mammary
glands nowadays [38, 39, 40, 60]. It has been established that the functional activity of the
mammary gland is supported by interrelated processes integration, such as mammogenesis - the
growth and development of the gland; lactogenesis - the beginning of milk secretion after
childbirth; lactopoiesis - maintenance of milk secretion.

Mammogenesis - the growth and development of the mammary gland takes a leading place in
lobulo-alveolar structures development. This process begins in the fetus and later continues
during puberty after a period of rest. However, final formation of the mammary gland processes
only under the hormonal levels’ influence during pregnancy [10, 23].

Having begun its development in the antenatal period, the mammary gland reaches
morphological maturity during pregnancy, which is expressed by the growth and development of
the lobulo-alveolar complex active form, making it capable of synthesizing specific milk
components [3, 9]. Gland tissue lobulo-alveolar prelactation is regulated primarily by sex
hormones (estrogen and progesterone), prolactin, and, especially, placental lactogen, which has a
great influence on it. As per experimental studies’ results mammogenic effect of hormones
above is prepared and determined (to a certain extent) by growth hormone (GH), insulin,
glucocorticoids and many other factors [1, 2].

Childbirth stops the function of the fetoplacental complex with its steroidogenesis. Placental
lactogen disappearance from the circulation; estrogens and, especially, progesterone level
decrease disinhibits prolactin secretory activity, which in turn leads to increased synthesis of
milk components. Lactogenic factors also include prostaglandins, which stimulates lactogenic
hormones release [5, 14, 15, 16, 20].

In the fetus during the early stages of pregnancy mammary glands are formed as epithelial cords
running along the ventral wall of the body. Soon after this epithelial line segments proliferation
leads to mammary buds’ formation, localized depending on the final mammary glands’ position

[1].
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After a relative period of rest during childhood, puberty begins a period of increased
development of the gland, caused by an increase in the level of estrogen and progesterone. These
hormones directly or indirectly stimulate ductal proliferation and deposition of periglandular
adipose tissue [ 5, 31, 32, 53, 59].

According to most researchers, the transition from the infantile type of mammary gland of girls
to the adult type occurs already 2-4 years after the start of regular menstruation, that is, by the
age of 17-18 [9, 11, 15, 18]. Subsequently, enhanced development of the gland peaks only
during pregnancy and lactation [5]. A similar relationship between the mammary gland
development and after-puberty hormonal changes, during pregnancy and after childbirth, has
also been noted in other species of mammals.

The mammary gland of sexually mature virgin rats mainly consists of ducts, groups - alveolar
and terminal buds [7, 8]. Studies by other authors have shown that the terminal sections of the
gland of nulliparous females are represented mainly by terminal and alveolar buds in almost all
mammalian species [4, 6].

With the onset of pregnancy rapid growth of the glandular tree is observed, due to the intensive
formation of alveoli. The alveoli of the mammary gland of mammals generally have a similar
structure. They are formed by one layer of epithelial cells, an underlying layer of myoepithelial
cells and a small amount of “light” cells located intraepithelially [9, 14].

The process of increased reproduction of glandular tissue is accompanied by the simultaneous
development of connective tissue, as if continuing the growth that began during puberty [47, 49].

According to several authors [16], continuous proliferation occurs throughout pregnancy, as a
result of which increase in the number of alveoli leads to a progressive increase in the size of the
lobules. The maximum number of mitoses was observed in the first trimester of pregnancy,
gradually decreasing in the second and third trimesters [17]. Similar dynamics of mammary
gland cells’ proliferative activity was observed in pregnant mice [17], rats [12, 13], pigs [22],
and other mammalian species [22, 23, 26, 27]. Although mechanisms regulating cell
proliferation have not been precisely established, pregnancy hormones’ role in this process is
obvious. Rat pregnancy, in particular, induces rapid glandular changes in both terminal and
alveolar buds, differentiating alveolar groups into lobules [29, 30]. Data obtained by many
authors indicate that gland cellular proliferation in rats continues throughout pregnancy and at
the beginning of lactation [34, 35]. Same results were obtained for mice mammary gland [35].
However, some authors observed only one proliferative activity peak in the initial pregnancy
period [38, 40].

When studying the mammary gland morphology in rats, it was noted that on the 5th day of
pregnancy, minor morphological changes are observed in the terminal buds’ transition form to
alveoli and alveolar buds [38, 42, 52-58]. Pronounced lobules with formed alveoli and
interalveolar ducts are revealed in the gland on the 10th day of pregnancy. Secretion determinate
in the dilated cavities of the alveoli and ducts with the onset of lactation along with a large
number of alveolar buds being noted with further transformation into alveoli during lactation
[39].

Ultrastructural studies of the mammary gland have shown resting epithelial cells in a cylindrical
or cuboidal shape containing several mitochondria, an underdeveloped Golgi complex and a
small number of granular endoplasmic reticulum (GER) profiles.

Lactocytes’ ultrastructural differentiation is noted after conception. Lipid droplets in acinar cells
appear in the early period of pregnancy, nonetheless epithelial cell organelles’ polarization has
not been observed yet. Women mammary gland during the first three months of pregnancy
contains lobules similar ones at rest [37]. Epithelial cells are in cylindrical and cuboid shape
without pronounced organelles’ polarization [39]. Myoepithelial cells are in the shape of a cone,
elongated along the basement membrane. They form the outer layer of some epithelial cells and
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contact the basement membrane directly. According to electron microscopy scan alveoli lumen is
narrowed at this stage and microvilli are observed on the apical part of the epithelial cells in most
alveoli.

Further pregnancy is characterized by a gradual increase in the number of mitochondria and RER
profiles, and the development of the Golgi complex. The latter becomes extensive and consists
mainly of large and small bubbles. A certain structure polarization also takes place, expressed in
the lipid droplets’ distribution in the apical part of the cytoplasm with ZER profiles in the basal
part at the same time. Increase in the number of cells containing protein granules and lipid
droplets is observed during the prenatal period. The average diameter of lipid droplets in the
apical part of lactocytes significantly increases and in some cases following can be observed:
fusion with the plasma membrane and the release of contents into the lumen. A reduction in
microvilli on the apical surface is observed in most epithelial cells [10, 21-27, 45, 58].

It is a clear polarization of the lactocytes subcellular organelles that is noted with the onset of
lactation, namely, on the first day after birth. A well-developed ZER is located in the basal part
in close proximity to the nucleus. An extensive Golgi complex is in the supranuclear zone, as
well as fat and protein granules are accumulated in the apical part of the cytoplasm. Elongated
microvilli number increases on the apical surface. In myoepithelioid cells contractile and trophic
apparatus is noted to develop in the form of an increase in myofibrils and mitochondria number
[45-52].

With further dynamics of lactation number of alveoli with an expanded lumen increases, which,
according to some authors, indicates synthesis and secretion activation. Lumen secretory
material in alveoli consists of numerous densely colored granules and lipid droplets of various
sizes. Alveoli wall is formed by flattened lactocytes containing expanded RER profiles mainly in
the basal cytoplasm part. Developed Golgi complex with numerous expanded vacuoles and
secretory vesicles is located in the supranuclear zone [44].

Some authors based on morphological criteria identify several ultrastructural types of lactocytes
during lactation, that can be determined by the phase of the secretory cycle [56-58].

Thus, sufficient information on mammary gland structural and functional rearrangements during
various periods of ontogenesis in pregnancy and lactation dynamics has been collected to date.
However, these works mainly focus on the state of glandular cells depending on secretory cycle
phase.
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