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Abstract: The review presents materials reflecting the functional formation of the digestive 

organs, that is, the “maturation” of their enzymatic activity. It has been established that the 

alimentary factor plays the main role in the “ripening” of the digestive system. Cases of maternal 

pathology adversely affect the development of the digestive system. 
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 Relevance. It has now been established that the ontogenesis of the structure and function 

of the gastrointestinal tract is realized due to the interaction of four main determinants, namely: 

genotype, biological clock, neuroendocrine regulatory systems and environmental factors. 

In our article, we decided to discuss in more or less detail the literature regarding the 

restructuring of the gastrointestinal tract when this restructuring is influenced by viral and bacterial 

infections transmitted from a pregnant and/or lactating mother to developing offspring. 

The role of the genetic factor. The genetic program is laid down in the form of a sequence 

of nucleotides in a DNA molecule. It controls the development of various organs and systems of 

the body as a whole. The role of the genetic program in the development of pancreatic exocrine 

cells has been shown in cell culture in vitro [1, 4]. It has been demonstrated that in the pancreatic 

explant, the time of the increase in the activity of α-amylase, lipase and chymotrypsinogen and the 

appearance of zymogen granules is very similar to that in fetal development. In a similar way, the 

fetal intestine of rats transplanted into the kidney or into the subcutaneous space of an adult, or 

when cultivated in vitro, develops. In addition, there are many works indicating that, for example, 

the disaccharidase activity of the small intestine mucosa develops in exactly the same way in vitro 

and in sito [4, 5]. 

However, it should be noted that the genotype is not always the same. It can undergo 

mutation, which manifests itself in the form of congenital malformations of metabolism. Thus, 

hereditary diseases of the exocrine function of the pancreas such as fibrous cyst and rare deficiency 

of lipase, trypsinogen or amylase [10, 12, 15] are typical examples of mutation of the 

corresponding gene loci. Insufficiency of some intestinal disaccharidases, the inheritance of which 

obeys Mendel's laws, is also the result of a mutation [4]. These genetic disorders are so specific 

that they are often used as a model for studying the molecular mechanisms involved in digestion. 

It has been shown that the insufficiency of the lipolytic activity of the pancreas is associated 

with the suppression of the rate of synthesis of this enzyme in acinar cells by approximately half. 

In children with congenital sucrase-isomaltase deficiency, the sucrase-isomaltase complex is 

sharply reduced or this enzyme is completely absent [31] on the brush border of mature 

enterocytes. With this disorder, an atypical protein is synthesized in the cytoplasm of enterocytes, 
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which is a modified sucrase-isomaltase complex, which is not transported to the brush border [37, 

38], possibly due to the lack of an appropriate affinity of molecules for transporters. 

In general, there are many examples of impaired function of the enzyme systems of the 

gastrointestinal tract associated with damage to an adult [32, 57] or during in vitro cultivation. In 

addition, there are many works indicating that, for example, the disaccharidase activity of the small 

intestine mucosa in vitro and in sito develops in exactly the same way. 

However, it should be noted that the genotype is not always the same. It can undergo 

mutation, which manifests itself in the form of congenital malformations of metabolism. Thus, 

hereditary diseases of the exocrine function of the pancreas such as fibrous cyst and rare deficiency 

of lipase, trypsinogen or amylase [32, 46, 52, 53] are typical examples of mutation of the 

corresponding gene loci. Insufficiency of some intestinal disaccharidases, the inheritance of which 

obeys the laws of Mendel, is also the result of a mutation. These genetic disorders are so specific 

that they are often used as a model for studying the molecular mechanisms involved in digestion.

 It has been shown that the insufficiency of the lipolytic activity of the pancreas is associated 

with the suppression of the rate of synthesis of this enzyme in acinar cells by approximately half 

[45]. In children with congenital sucrase-isomaltase deficiency, the sucrase-isomaltase complex is 

sharply reduced [43] or this enzyme is completely absent on the brush border of mature 

enterocytes. With this disorder, an atypical protein is synthesized in the cytoplasm of enterocytes, 

which is a modified sucrase-isomaltase complex, which is not transported to the brush border [44], 

possibly due to the lack of an appropriate affinity of molecules for transporters. 

In general, there are many examples of dysfunction of the enzyme systems of the gastrointestinal 

tract associated with damage to the genetic control of the ontogeny of enzyme-producing systems. 

We will confine ourselves to the above examples and note that the current level of our knowledge 

allows us to state the following: a mutation of the regulatory gene leads to a delay in the 

development or elimination of a programmed reduction, for example, lactase activity. The 

correctness of this point of view seems to us the most probable, since the emergence of an entirely 

new enzymatic system in ontogenesis is much more complicated than a simple modification of an 

existing one. 

The role of the biological clock. The biological clock is a programmed temporal sequence 

of events in ontogeny. They are under genetic control and therefore species-specific. For example, 

the pattern of development of pancreatic enzyme activity in humans is significantly different from 

that in rats. In the latter, the accumulation of pancreatic enzymes begins a few days before birth 

[57]. In humans, for example, pancreatic lipase appears at 34 weeks of gestation [52], α-amylase 

is absent in the fetal pancreas and appears in very small amounts during the neonatal period. This 

difference between rat and human in the functional development of the pancreas raises some 

caution against directly extrapolating animal data to explain the development of the human 

gastrointestinal tract. However, the development of the digestive system in different species of 

mammals, in general, occurs in a certain sequence. According to published data, it starts from the 

division of the zygote and the formation of endo-, meso- and ectoderm. As a result of the 

interaction of these three primary germ layers, a pattern of differentiation arises, according to 

which anatomical specialization of various parts of the gastrointestinal tract occurs with a known 

sequence of characteristic species specificity and biological variability. It has been established that 

in the human fetus at the 20th week of gestational development, the anatomical differentiation of 

the gastrointestinal tract is similar to that in newborns [57]. 

 The development of the secretory function of the digestive glands and the absorption 

function of the gastrointestinal tract do not always occur synchronously. The mechanisms of 
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absorption from the small intestine in relation to individual substances are formed already at the 

26th week of gestation, while stimulated pancreatic secretion is not observed even in the neonatal 

period. In addition, within intrauterine life, different sections of the gastrointestinal tract develop 

at different times. 

In the aspect of the scientific problems discussed in this review and for the subsequent 

analysis of the results obtained in the work, it seems important to us to clarify the question of 

whether morphogenesis and cytodifferentiation begin simultaneously in ontogenesis and whether 

these processes are regulated by the same factors or whether they develop to some extent, do not 

dependent on each other. In the studies of some authors, the possibility of conjugation between 

cytodifferentiation and morphogenesis in the development of the pancreas in mice was studied [2, 

3, 11, 19, 20, 22, 24, 28]. These authors isolated the protodifferentiated pancreatic epithelium from 

the mesoderm and cultured it on a plastic substrate. Within 24 hours, the epithelium grew to a 

monolayer, but under these conditions, acinar cells did not form and cellular mitosis was not 

observed. Therefore, there were no mesenchymal cells or mesenchymal factors in this culture. 

However, despite the absence of morphogenesis, cytodifferentiation occurred, as evidenced by a 

100-fold increase within 5-7 days in these cultures of the specific activity of amylase and the 

appearance of zymogenic granules in the cells. The changes observed in mice were similar to those 

found by other authors in the chicken pancreas in sito [28, 38]. The generalization of these data 

indicates the presence of a clear dissociation between the regulation of cytodifferentiation, on the 

one hand, and morphogenesis, on the other hand, at least in relation to the pancreatic acinar tissue 

of mice during the second transitional period of fetal development. 

In general, turning to the conclusion of this section of the literature review, we note that the role 

of the biological clock in the structural and functional development of the digestive organs has 

been studied quite fully at present. It has been noted that the transition of the structural and 

functional characteristics of the gastrointestinal tract from one state to another at different stages 

of ontogenesis (for example, from juvenile to adulthood) is realized due to various regulatory 

mechanisms, among which the biological clock is of no small importance [5, 9, 29 , 30, 42, 43, 

51]. The role of hormonal control. It has now been established that neuroendocrine regulatory 

systems play a huge role in the implementation of the genetic program of ontogenetic 

morphofunctional changes in the gastrointestinal tract. Indeed, studies have shown that the 

administration of hydrocortisone to suckling mice induces the synthesis of certain enteral enzymes. 

Many other authors have found that when hydrocortisone is administered to suckling rats or mice, 

they soon induce the synthesis of sucrase, which is usually absent during the first two weeks of 

postnatal development. The same data were obtained for alkaline phosphatase, maltase, and 

various peptide hydrolases [45, 46, 56]. The physiological mechanisms of action of 

glucocorticoids on the enzymatic system of the digestive organs in ontogenesis are quite complex, 

but they obey the following patterns. First, the small intestine of rat pups after the injection of 

hormones becomes similar in many respects to that of rat pups during the transition from milk to 

definitive nutrition. Secondly, the process of morphofunctional transformation of the intestine is 

not carried out quickly, but at least within 72 hours. Thirdly, changes in the enzymatic spectrum 

of enterocytes of the cryptovillous axis, after injection of glucocorticoids, persist for many 

generative cycles of the cell [15]. From this last fact, it can be concluded that the changes start 

from the cells of the crypts and are detected during the entire process of cell migration from the 

base of the crypts to the top of the villi [17, 19, 22, 59]. The validity of this assumption has been 

proven by various methods. So, Doell, Rosen, Kretchmer (1965), using fluorescence technique, 

showed that approximately 24 hours after the administration of hydrocortisone to suckling rats, 
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sucrase activity initially appears at the base of the intestinal villi and only then gradually spreads 

to their top. This conclusion was confirmed in the works of other authors, who determined the 

enzymatic activity of thin-layer sections along the cryptovillous axis by biochemical methods [23]. 

It turned out that in 9-day-old rat pups, 24 hours after the administration of hydrocortisone, sucrase 

was not detected in villus sections, but its slight activity appeared at this time at the base of the 

crypts. By 48 hours, it is already found in the lower half of the villi, and by 96 hours it reaches its 

top. 

The authors of the radiographic study showed that when rat pups were injected with 

hydrocortisone, the rate of enterocyte migration from the base of the crypts to the top of the villi 

did not change significantly. This indicates that the premature appearance of sucrase after the 

administration of glucocorticoids occurs in cryptal cells, and not in cells that have already reached 

the region of the villi. This localization of the hormone action is consistent with the observations 

of some authors, who showed the cessation of pinocytosis in the small intestine of growing animals 

after hydrocortisone injection [16, 57]. It is believed that the termination of pinocytosis is 

associated not with a change in the permeability of epithelial cell membranes, but with their 

replacement with new ones that do not have permeability for large molecular proteins [60]. 

 It has now been proven that the inducing effect of glucocorticoids on sucrase synthesis can 

be reproduced by injection of ACTH, thyroxine (T4), gastrin, insulin, and also sex steroid 

hormones [16, 57, 60]. 

Of the hormonal factors, thyroxine plays an important role in the regulation of the 

ontogenesis of the digestive function, since the concentration of this hormone in the blood of rats 

increases sharply during the second postnatal week. The introduction of T4 or triiodothyronine 

(T3) leads to a premature decrease in the activity of lactase in the jejunum and lysosomal 

hydrolases in the ileum, as well as an increase in sucrase and maltase [16]. In contrast, 

hypothyroidism prevents the commonly observed decrease in lysosomal hydrolase activity and the 

natural increase in sucrase and maltase activity. Numerous data convince us that the introduction 

of T4 leads to a premature increase in the content of corticosterone in the blood [54] and that 

hypothyroidism significantly suppresses the age-related increase in the basal level of 

corticosterone [55]. 

It is quite possible that the effect of thyroid hormone on sucrase and maltase activities is 

secondary, resulting from changes in the concentration of corticosterone in the blood [32]. The 

specific inhibitory effect of hypothyroidism on the development of sucrase and maltase can be 

prevented by administration of T4. In contrast, with the introduction of T4, during the first two 

postnatal weeks, in rats, stimulation of sucrase and maltase activity is not observed, despite the 

increase in corticosterone. Therefore, T4 does not affect the development of sucrase and maltase. 

This is consistent with data showing that T4, the opposite of corticoids, is unable to induce the 

activity of these enzymes in transplanted pieces of small intestine in rat pups. Thyroxin apparently 

regulates the activity of those enzymes that are usually reduced during development. This was 

confirmed in experiments with the determination of neuraminidase and acid galactosidase, which, 

with the introduction of corticosterone acetate, show premature repression. For lactase, the effect 

of hypophysectomy, that is, a decrease in enzyme activity after removal of the pituitary gland, is 

restored with the introduction of T4, which is not observed with the introduction of cortisone [32]. 

The regulatory effect of T4 in the ontogenetic decrease in the activity of these enzymes is 

manifested in the fact that this hormone, together with insulin, is a powerful stimulator of the 

mitotic activity of the intestinal epithelium [57]. It has been proven that the decrease in lactase 

activity at the end of the 3rd week of life in rat pups is due to the influence of thyroxine. 
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Significant data have also been accumulated on the role of other hormones in the regulation of the 

ontogeny of the digestive system. The administration of pancreatic glucagon to suckling rats did 

not lead to an increase in sucrose activity, and on the basis of this it was concluded that this 

hormone had little or no effect on the maturation of intestinal enzymatic activities. Treatment of 

suckling rat pups with prostaglandin (PGI2) daily for 4 days was accompanied by a premature 

increase in specific sucrase and maltase activity. However, according to the authors themselves, 

such an effect of prostaglandin can be mediated through changes in corticosteroids, which, 

obviously, respond to the introduction of a biologically active substance. This is consistent with 

the fact that PGI2 does not alter sucrase and maltase activity in rat pups after 23 days of age [21, 

22], which are glucocorticoid-insensitive (H4) during this period. 

Administration of epidermal growth factor to mice during the 2nd postnatal week results 

in premature onset of intestinal sucrase activity and premature elevation of various other 

membrane-bound hydrolases. These effects are significantly different quantitatively from the 

effect of glucocorticoids, but, nevertheless, they are quite pronounced [32, 23]. 

 Exogenous insulin leads to premature maturation of small intestine function in mice [5, 6, 

7, 57]. These effects cannot be secondary and associated with an increase in the concentration of 

endogenous corticosterone, since: a) the effect of insulin has a shorter latent period than the effect 

of corticosteroids; b) after administration of insulin to sucking rats together with cortisone, the 

response of sucrase and maltase is more pronounced than that of cortisone alone [12, 13, 14]; c) 

the inducing effect of insulin on the sucrase activity of the intestines of sucking mice also manifests 

itself in in vitro culture. The role of endogenous insulin in the development of intestinal function 

is also proved by the fact that the concentration of this hormone in the circulating blood begins to 

increase in rats from 10 to 25 days after birth, that is, precisely by the period of transition of animals 

from dairy to definitive nutrition, when an increase in α activity should occur. -glucosidase. 

The role of environmental factors. With regard to the role of the elementary factor in the regulation 

of the enzyme spectrum of the gastrointestinal tract in ontogenesis, it has been established that the 

presence of a food substrate is one of the important attributes of modifying the pattern of 

development of intestinal and pancreatic enzymes. Intragastric administration of sucrase to 9-day-

old rat pups for three days increases the activity of sucrase and isomaltase, but not lactase [4]. At 

the same time, if suckling rat pups continue to be fed with lactose, then a selective increase in 

lactase activity is observed with a slowdown in its natural decrease in the usual terms [5]. Feeding 

premature babies with food high in starch for 30 days leads to an increase in amylase activity in 

the duodenal contents, while feeding a high-protein diet leads to an increase in the activity of 

trypsin and lipase in pancreatic juice [9, 21]. 

An analysis of the literature showed that the main functional development of the intestine, 

due to the activation of its enzymatic activity and the development of cryptovillous structures and 

the formation of a glycocalyx layer, is associated with the alimentary factor [6, 7, 23, 31]. After 

childbirth, the newborn enters the world of microbes, and the food itself that enters the baby's body 

is also genetically alien, so mother's milk is a source of not only nutrients [34, 56, 58, 60], but also 

sources of immunoglobulins, cellular components and other immunomodulatory drugs that 

provide adoptive immunity for the newborn [33, 35, 36, 39, 40, 41, 47]. Naturally, this harmonious 

genetic deterministic mechanism of protection of the newborn is violated in maternal pathology 

[48, 49, 50]. 

Thus, it has now been established that the alimentary factor is essential in the regulation of 

the digestive-transport function of the digestive organs in ontogeny. So, from our brief review it is 

clear that the gastrointestinal tract of mammals, including humans, undergoes regular changes in 
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the process of ontogenesis. Thanks to these changes, the developing organism acquires the ability 

to adapt to the changing composition of food. The development of the gastrointestinal tract in 

ontogenesis occurs due to the interaction of the genotype, biological clock, neuroendocrine 

regulation and the influence of external factors. Among the latter, nutrition is a very important 

factor. It should be emphasized that various pathological changes in the developing organism 

significantly affect the formation of the digestive and transport functions of the digestive organs 

in ontogenesis. 
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