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Lactation is a fascinating process that characterized all mammals. From primitive glands with 

no nipples—as in monotremes—to complex mammary glands, female mammals nourish 

their offspring with the perfect food. Each species has different nutritional requirements, and 
each mother secretes the correct concentration of macro and micronutrients. Fat, for instance, 

varies from 50% content as in gray seal [1] to 4% in cow milk [2]. In addition to nutrition, 

milk contains bioactive components that promote immunity such as immunoglobulin and 

lactoferrin [3, 4]. The importance of milk on the prevention of pathogens in the newborn 

has been known for a long time [5], yet as research progresses, new understanding arises. 

Recently, it was identified that human milk produces a large amount of oligosaccharides that 
are not digestible by the newborn. Researchers found that these short carbohydrates play an 

important role on the intestinal flora acting as prebiotic for beneficial bacteria and inhibiting 
the adhesion of pathogens on the intestinal epithelial [6–8]. Human milk is not the only one 

that produces prebiotic components. In cows, also have been identified a variety of oligosac-

charides that promote a healthy microbiome [9]. All these recent studies highlight even more 

the impact of milk as a functional food.

The mammary gland develops through different phases: embryonic, pre- and post-puberal, 
and during pregnancy. An important feature in the mammary gland is that it undergoes differ-

ent cycles of differentiation and regression throughout the adult female’s life. Lactation is the 
final stage of reproduction; therefore, lactation regulation might differ according to the species’ 
reproduction strategy. Female mammals can be classified as continuous or seasonal breeders. 
Concomitantly, seasonal breeder species can be divided into long and short day. The females 

on the first group present ovary activity in spring and summer, while are in anestrous in fall 
and winter (i.e., horses). On the contrary, in short-day breeders, reproduction takes place in 

fall and winter and ovary is inactive in spring and summer (i.e., sheep). In all seasonal breed-

ers, regarding the reproduction strategy, the decreased light length produces the excitation 

of the superior cervical ganglion through the retina nerve, which unblocks the inhibition of 
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the pineal gland. As a result, melatonin increases. Melatonin interacts with the gonadotropin-

release hormone (GnRH) affecting the hypothalamus pineal ovary axis. The way melatonin 
influences GnRH is depending on the reproduction strategy: in short-day breeders, melatonin 
induces the synthesis of GnRH, and therefore, ovary cycles are produced; on the other hand, in 
long-day breeder, melatonin inhibits GnRH-inducing anestrous [10]. Sheep—which are short-

day breeders—can be artificially manipulated to induce cycling out of season. Melatonin also 
affects mammary gland and lactation. Therefore, lactation in sheep lambing out of season could 
affect milk production. In Chapter 1, Dr. Molik describes the endocrine response associated 
with melatonin changes and the impact of the photoperiod on milk production in the sheep.

Another example of how reproduction strategy influences mammary gland development is 
observed in Lagostomus maximus. This rodent presents a pseudo-ovulation in mid-gestation. 

The changes in progesterone levels during pregnancy characterized the mammary gland 

development of this species. An interesting description of the mammary gland development 

and involution on the Vizcacha is described in Chapter 2 by Dr. Halperin et al.

Numerous factors interact at the onset and maintaining of lactation. There is a consensus 

of the main lactogenic hormones that regulate milk synthesis and secretion, but as research 

advances, we are getting a better understanding on the fine balance among the systemic 
hormones and the local regulatory factors. Milk secretion is trigger at parturition when pro-

gesterone falls and glucocorticoid, prolactin, and growth hormone (GH) rise [4]. The associa-

tion among these hormones and lactation has been known for many years. Probably, one of 

the earlier evidence that progesterone inhibits lactation was back in 1925, when Hammond 

described that milk secretion in rabbits was the consequence of corpora lutea involution [11]. 

Prolactin is needed to maintain milk secretion in most mammals. However, in ruminants, the 

predominant lactogenic hormone is considered to be GH [12]. A synthetic GH was widely 

used in dairy industry to increase milk yield in the 1980s when a recombinant GH was com-

mercially available [13]. At a molecular level, lactogenic hormones activate gene expression 

through JAK2/STAT5. Briefly, once the hormones bind the cell surface receptors, JAK2 pro-

teins phosphorylate and consequently induce the phosphorylation of STAT5. Then, the phos-

phorylated dimer STAT5 translocates to the nucleus and induces transcription of target milk 

protein genes. For a review, see Ref. [14]. Milk is synthesized and secreted into the mam-

mary alveoli lumen. When milk let-down stimulus is triggered, oxytocin is released from 

the pituitary gland and binds to its receptor on the myoepithelial cells; as a consequence, 
milk is ejected. Oxytocin structure and function have been described in the 1950s. Vincent 

du Vigneaud received a Nobel Prized in 1955 for his work on the oxytocin [15]. Maintaining 

of lactation requires the periodic removal of milk. Systemic endocrine factors and autocrine 
mechanisms act concomitantly to control mammary gland function. Once milking is discon-

tinuous, the mammary gland undergoes to a series of involution process that drive it from a 

secretory phase to an inactive organ. Involution is divided into two stages. The first stage is 
regulated by local factors, which outweigh the positives stimulus exerted by the lactogenic 

hormones. To exemplify the importance of this concept, interrupting milking in a single gland 

in the cow, triggers the involution process only on that quarter, while the other three lands 
maintain milk production. During the second involution stage, apoptosis of epithelial cells 
and tissue remodeling occurs. In Chapter 3 of the present book, Dr. Kordon and Dr. Coso 
describe in detail the cell signaling associated with mammary gland involution and cancer. 
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Authors explain the role of STAT3 and leukemia inhibitory factor (LIF) on mammary cell 

death and show that the effect of stretching mammary epithelial cells in culture—as hap-

pen in vivo by milk accumulation—induces both LIF expression and STAT3 phosphorylation. 

Also, it discussed the role of the extracellular matrix in the involution process.

Local mechanisms not only regulate milk yield but also control milk composition. A beautiful 

example of local regulation in milk composition is observed in the Tammar Wallaby. When 

the immature joey is born, it crawls to the mother’s pouch and attaches to the nipple. As the 
youth growths and its nutritional requirement change, milk composition is adapted to the new 
demand. However, it could occur that the female gives birth to a second joey, while the oldest 

one is still lactating. On this occasion, entirely different composition of milk would be produced 
in each mammary gland. This is called asynchronous concurrent lactation and is regulated by 

local factors. For an extensive review, see Ref. [16].

The development of new molecular tools—such as new-generation sequencing and RNA sequenc-

ing—revealed remarkable information that challenges our knowledge. In 1998, Fire and Mello 

received a Nobel Prize for their discovery of small RNA (miRNA) that control proteins synthesis 

post-transcriptional in Caenorhabditis [17]. By 2001, it was shown that these miRNAs far from 

being specific in worms were small molecules that regulate gene expression in eukaryote. Since 
then, thousands of miRNAs have been identified in different organs and specifically in the mam-

mary gland and even in milk secretion. In mammary gland, miRNAs modulate development and 

regression. Several miRNAs are secreted in milk inside vesicles that give them protection from 

the low gastric pH. It was postulated that milk miRNAs could regulate gene expression in the 

newborn. Still it is controversial, and further research is needed to indicate if milk miRNAs are 

biological active ones there are absorbed [18, 19]. In Chapter 4, Dr. Duy and Dr. Ibeagha-Awemu 
describe in detail the state-of-the-art on noncoding RNA in the ruminant mammary gland.

Our knowledge on mammary gland physiology has increased considerably in the last decades. 

This book offers to the readers an update on research in four important areas: influence of mel-
atonin in lactation, mammary gland development, signaling process in the mammary gland 

involution, and the role of miRNAs in mammary gland physiology. The study of comparative 

physiology lactation contributes to understanding biological process than could be present 

in all species but less evident in some and provides a wider understanding of the lactation 

process. The discovery of miRNAs definitely opens a new era in the study of gene expression. 
All these studies—plus the new molecular technology available—have increased and certainly 

will increase even more, our knowledge in the mammary gland and lactation, a captivating 

physiology process.
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