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 The formation of the neuroimmuneedocrine (regulatory) system covers 

the prenatal period, proceeding under sterile conditions, and the postnatal 

period, under the influence of various microorganisms. In this work, using 

the example of non- microbial, mono-associated, contaminated with 

pathogenic and opportunistic microorganisms, the morphological features 

of the formation of the intestinal neuroimmune-endocrine system are 

considered. It, as an important component of the general regulatory 

system of the body, has a decisive influence on the structure and function 

of internal organs, interaction with the external environment. The paper 

considers modern methods of studying the properties of the neuroimmune 

endocrine system of the digestive system during the regulation of 

adaptation and homeostasis. 
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International License. 

 

 

1. INTRODUCTION 

At birth, among the organs of the digestive system, the small intestine, rapidly developing, ensures both 

survival and adaptation to extrauterine conditions of life (the principle of fragmentation). When 

breastfeeding, the intestine, providing the macroorganism with conjugate absorption of nutrients and 

regulatory substrates (hormones, immunoglobulins, growth factors, etc.), establishes feedbacks, integrates 

its activity with all other internal organs (the principle of minimum provision and the principle of 

consolidation). This is extremely important because the regulation of the development of the 

macroorganism before birth was carried out through the mother-placenta-fetus system, however, the 

principle of conjugated transport of nutrients and regulatory factors was an indispensable condition for the 

harmonious development of the individual. After birth, structurally and functionally immature systems 

integrate and establish feedbacks in accordance with the characteristics of the external environment, adapt 

to their specific environmental conditions. With minimal maturation of the small intestine, the absorption of 

easily digestible proteins, fats and carbohydrates, and biologically active components, there is an optimal 

interconnected formation of all functional systems of the body, in particular the digestive system, where the 

process of digestion and absorption, the development and formation of afferent and efferent links of 

endocrine, immune and nerve formations of the organ. Only adequate methods for studying the formation of 

the properties of regulatory systems will make it possible to establish the mechanisms of interrelation with 
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other functional systems while ensuring homeostasis. 

 

2. Material and Research Methods 

The experiments were carried out on white pedigree male rats of various ages (n = 187) under normal 

vivarium conditions and on microbial 3-6-month-old OFA rats of the F-344 Fisher line (n = 21). The study 

period was chosen by us on the basis of literature data on the periods of feeding animals, the formation of a 

functional system of digestion and absorption, age periodization of laboratory animals. The formation of the 

immune system of the mucous membrane, the functional system of digestion and absorption in the postnatal 

period of life, the mechanisms of its regulation in the small intestine of rats were studied in 2 series of 

experiments: 1 (control) - after natural feeding with breast milk (1,3,7,14 days after birth ) and standard 

laboratory food (21 and 90 days after birth); I I- (experimental) - after a single oral feeding with 0.2-0.4 ml 

solution of bovine serum albumin or human gamma globulin (1,3,14,21 and 90 days after birth). 

 

2.1 Immunological research methods 

Immunoglobulin receptors on the surface of the membranes of lymphocytes and enterocytes were detected 

by the immunoperoxidase method. Cryostat sections of small intestine or Peyer's plaque pieces after 

fixation in 1% glutaraldehyde solution (pH 7.3; 30 min) and washing with phosphate buffer (60 min) were 

incubated with antiserum to Ig A, Ig G, IgM, conjugated horseradish peroxidase ... Control sections were 

treated with horseradish peroxidase only. After the end of incubation, the sections were treated with a 

solution of 3,3-diaminebenzidine (10 min) and washed in phosphate buffer. After fixation in a 1% solution 

of octic acid (60 min) and dehydrated in alcohols of increasing concentration, it was poured into araldite. 

 

2.2 Morphological research methods 

For general morphological, histochemical and morphometric studies, tissue pieces were fixed in a 12% 

neutral formalin solution and Carnoy's liquid. After passing through alcohols of increasing concentration 

and embedding in paraffin, sections with a thickness of 5-6 μm were stained with hematoxylin and eosin. 

Considering that the goblet cells and the supraepithelial layer of mucus along the entire surface of the small 

intestine are actively involved in adaptive reactions, the formation of the digestive transport conveyor, the 

integration of enzymes and Ig A, the regulation of homeostasis, the protection of the internal environment 

from microorganisms and antigens, the sections are stained with SHIK-Hale- reaction (to count the number 

of goblet cells and identify the properties of the supraepithelial layer of mucus). On oriented sections of the 

small intestine stained with hemotoxylin and eosin (paraffin sections) with an MOV-15x eyepiece 

micrometer, the height of the villi, the depth of the crypts, the thickness of the mucous membrane, and the 

diameter of the intestine were measured. 

 

2.3 Electron microscopic studies 

For electron microscopic studies, pieces of tissue of the small intestine and Peyer's plaque were fixed in a 

buffered 2.5% glutar-aldehyte solution (20 minutes), a 1% solution of osmic acid (1.5 hours) at pH 7.2-7.3. 

After dehydration in alcohols of increasing concentration, the pieces were poured into araldite. Semi-thin 

(1-2 μm thick) and ultrathin (600A) sections were obtained on an LKB-4800 ultramicrotome. Semi-thin 

sections were stained with basic fuchsin and methylene blue; ultrathin sections were stained with uranyl 

acetate and lead citrate Electron microscopic detection of activity phosphatase in the lysosomes of 

enterocytes of the villi of the small intestine was carried out according to Gomori after incubation of 

sections with a thickness of 30-40 μm with a substrate. Further processing of pieces of tissue and 

preparation for viewing is the generally accepted method. Ultrathin sections were viewed using a JEM-100S 

microscope. 
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2.4 Autoradiographic research 

Due to the fact that the lymph nodules of Peyer's patches are an afferent link of the immune system of the 

mucous membrane, they are connected with the efferent link by feedback, carry out immunomodulation, 

have structural and functional zones that differ in the pools of recirculating lymphocytes and the level of 

proliferation, a study of the kinetics of lymphoid cells and epithelium was carried out after 1,2,3,7 and 24 

hours (after a single injection) and 1,2,3 and 24 hours (two and three injections of Nzthymidine). 

 

3. Results 

It is known that natural (breast milk), mixed or artificial, definitive nutrition presuppose the regular supply 

of nutrients and a huge number of various microorganisms from the external environment to the intestines. 

As a result of this, during the formation of a normal intestinal microbiocenosis, a genetically determined 

harmonious development of the individual is provided and, on the contrary, with dysbiosis, there are 

disorders in the development and formation of neuroimmune endocrine and other functional systems, the 

body as a whole, numerous diseases [2- 4], [7], [10], [15], [18], [21], [33], [35]. The formation of 

microbiocenosis is significantly influenced by childbirth (natural or caesarean section), microbiocenosis of 

the birth canal, ecology, drugs, especially antibiotics, hospital infection, type of feeding, etc. [24], [31], 

[32]. From modern positions, the whole human body can be considered as a functional chimera, consisting 

of two essentially equivalent subsystems, organized according to a similar principle (auto / paracrine 

network regulation at the level of intercellular and interbacterial interactions) and possessing a similar 

"language" of communication, with the inevitable and natural, due to structural and functional 

(phylogenetic) relationship, cross interaction. Changes in one subsystem inevitably give rise to changes in 

another [34]. The epidemiology of dysbiosis over the past sixty years indicates its progression. If in the 

middle of the last century dysbiosis was registered as a rare secondary phenomenon, then in subsequent 

years its frequency of occurrence has steadily increased and in the last decade has been recorded as a 

congenital condition in 100% of children in the first year of life [7]. Among the reasons for this condition, 

in the first place is the dysbiosis of the birth canal of a woman in labor. The negative dynamics of the 

detection of intestinal microbiocenosis disorders directly correlates with the increase in the frequency of 

chronic diseases in children and adults. 

 

On this basis, the following postulate: the reasons for the increase in morbidity, the failure of the therapy is 

to disrupt the functional system of the external environment - intestinal microbiocenosis - the internal 

environment of the body, neuroimmune endocrine and other functional systems, adaptation and 

homeostasis. 

 

Under normal endoecology in the intestinal lumen (90-91% of bifidobacteria, 7-10% of lactobacilli and 1-

2% of streptococci and enterococci), T-lymphocytes are observed between M-cells at different levels of the 

epithelial layer, which constantly make, like a shuttle, migration from domes to the epithelium and back. 

 

Under the epithelium of the Peyer's plaque are located from one (rarely) to 7- 8 (more often) closely 

interacting lymph nodes. Each nodule is characterized by a zonal arrangement of lymphoid cells, which are 

separated by multi-process reticular cells. 

 

In the light (germinal) center, the lymphoblasts are large, loosely located. Lymphoblast nuclei are usually 

large, rounded, rich in euchromatin. In the cytoplasm, the cisterns of the Golgi complex are short, narrow, 

single vesicles, no vacuoles were found. Mitochondria are small, few in number, and there are many free 

ribosomes and polisomes. Occasionally, mitotically dividing lymphoblasts, macrophages with polymorphic 

ribosomes, and differentiating plasma cells are detected in this zone. 
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The dense (B-blasts) and mantle (T-blasts) zones are almost identical in structure and are formed mainly by 

small and medium-sized lymphocytes; mitotically dividing cells are occasionally found. 

 

The crown of the lymph nodes of the Peyer's patch has a structure and function different from other zones, 

although the area occupied by it is the smallest (about 10%, the rest - 30% on average). 

The cellular composition of each of the characterized zones is presented in Table 1. 

 

Table 1. Cell composition of the structural and functional zones of the lymph node of the Peyer's patch 3 

months rats with indigenous intestinal microflora (М-+m, %, n=10) 

Cell type Germinal 
center 

Dense zone Mantle zone Crown Epithelium 

Small lymphocytes 40,1±3,1 62,3±5,6 65,8±6,1 52,8±2,6 33,2±4,1 

Large lymphocytes 7,31±0,67 1,12±0,13 1,88±0,20 7,96±0,64 - 

Plasmablasts 0,40±0,03 0,72±0,21 0,54±0,02 4,8±0,45 - 
Reticular cells 12,8±0,65 13,2±0,71 17,5±1,14 12,3±0,40 - 

Macrophages 1,51±0,12 0,83±0,20 0,64±0,27 2,6±0,27 - 

Tissue polynuclear cells 0,31±0,03 0,42±0,16 0,25±0,13 1,92±0,28 - 
Undifferentiated 19,8±0,84 18,0±1,15 10,3±1,01 11,3±0,97 - 

Enterocytes - - - - 67,1±4,8 

 

Located directly under the epithelium, the crown zone, along with T- and B- blasts, often contains 

macrophages, less often mast and eosinophilic cells, plasmablasts. Macrophages are large, irregular in 

shape, have polymorphic lysosomes: if in some secondary lysosomes a whole phagocytosed lymphocyte or 

its fragment is detected, in others there is detritus, residual bodies or myelin-like structures. It is 

characteristic that macrophages with phagocytosed lymphocytes or their fragments arise in microbial-free 

rats after monocontamination by representatives of indigenous intestinal microflora, causative agents of 

acute intestinal infections or the presence of normal intestinal microflora. As a rule, lymphocytes and 

lymphoblasts are phagocytosed, which in this case have undergone apoptosis or mutation. 

 

Considering that lymphoid nodules as an afferent link of ISSO are actively involved in the recirculation of 

T- and B-blasts with the help of one-, two- and three-time injections of Ns-T, the spatiotemporal 

organization of the processes of proliferation and migration of lymphoid cells in various structural and 

functional zones of lymphatic small intestine Peyer's plaque nodules. Repeatedly, with an interval of 5-6 

hours, the introduction of Ns-T allows to establish not only the peculiarities of the integration of the 

structural and functional zones of the lymph nodules, but also the relationship with blood leukocytes, the 

efferent link of the ISSS, and the central organs of the immune system as a whole. The interval of 5-6 hours 

is less than the duration of the synthetic period of the mitotic cycle of the proliferating cells of the 

hematopoietic organs and lymphoid cells of the lymph nodes of the Peyer's plaque. This allows you to 

assess the relationship of proliferating lymphoid cells in them. 

 

Table 2. NMI of lymphoid cells of structural and functional zones of lymph nodules and epithelium of 

Peyer's patch of the small intestine after injection of Ns-T (М-+m, %) 

Hours 

after HZ- 

T 
injection 

Frequency 

rate of 

injections 

Germinative 

(embryonic) 

center 

Dense zone Mantle zone Crown Epithelium 
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1(n=9) 1 
 

2 
3 

0,290±0,0012 

4,64±0,18 
10,14±0,49 

0,052±0,001 
 

3,31±0,24 
8,18±0,35 

2,02±0,026 
 

12,5±0,81 
19,77±0,45 

0,566±0,012 

24,9±1,7 
84,8+1,5 

3,60±0,27 
 

5,87±0,30 
5,96±0,25 

2(n=9) 1 

2 
3 

2,61±0,18 

6,71±0,27 
22,3±0,72 

4,86±0,36 

5,45±0,35 
9,77±0,56 

9,33±0,20 

21,4±0,75 
29,5±0,63 

13,1±0,82 

34,3±0,47 
129,4±3,6 

6,29±0,26 

8,78±0,31 
8,68±0,87 

3(n=9) 1 

2 
3 

2,75±0,32 

5,35±0,26 
19,18±0,43 

0,93±0,017 

1,87±0,16 
2,11±0,18 

4,92±0,29 

10,74±0,61 
21,3±0,81 

6,79±0,25 

43,7±0,67 
152,6±2,7 

6,14±0,41 

9,62±0,63 
9,29±0,62 

7(n=3) 
 

 

 
24 

(n=9) 

1 
 

 

1 
 

2 
3 

1,55±0,16 
 

 

0,145±0,015 
0,116±0,01 
0,145±0,006 

0,403±0,026 
 

 

0,105±0,001 
 

0,259±0,023 
0,155±0,02 

3,95±0,28 
 

 

0,315±0,043 
 

1,32±0,12 
1,14±0,012 

7,13±0,28 
 

 

3,96±0,11 
 

4,32±0,38 
8,58±0,75 

6,07±0,31 
 

 

6,08±0,15 
 

11,7±0,56 
12,9±0,70 

 

1 hour after a single injection of H3-T (Table 2), the lowest index of labeled nuclei (NMI) was in the 

dense zone of lymphoid nodules. Compared to it, in the germinal center, crown, and mantle zones, its value 

is on average 6, 11, and 38 times higher, respectively. In crypts located along the entire perimeter of the 

dome- shaped bulging of grouped lymphoid nodules into the lumen of the intestine, labeled epithelial cells 

are detected in its lower half and amount to 3.60 + -0.207% 0. 

 

2 hours later, the NMI (compared to its initial value) grew in the germinal center, dense and mantle 

zones, and the crown by an average of 9, 93, 4.5, and 23 times, respectively. Such a pronounced increase in 

labeled lymphoid cells in the corresponding zones of the lymph nodules is possible only when they migrate 

from the capillaries that intensively supply the zones of the lymph nodules with blood. Ns-T circulates in 

the blood from 30 to 60 minutes and is included in all cells that are in the synthetic phase of the mitotic 

cycle, in the circulating blood and hematopoietic organs. The NMI of the crypt epithelium within 2 hours 

after a single injection of the label increased only 1.75 times. This is natural for the proliferation process in 

the stationary crypt-villus system, where labeled cells do not enter from the outside. However, the NMI of 

lymphoid cells in the structural and functional zones of the lymph nodes of the Peyer's patch grew more 

significantly and unevenly. This is possible only with a significant migration rate of T- and B-lymphoblasts 

from the blood. 

 

3 hours after a single injection of the DNA precursor, the NMI in the germinal center remained 

almost unchanged in comparison with the previous period of the experiment. However, in the dense and 

mantle zones and the crown of lymph nodules, it decreased on average by 5, 2 and 2 times, respectively, 

compared with the previous study period. The NMI of the crypt epithelium has hardly changed over the 

same period. After the introduction of the label, 7 hours later, the NMI of lymphoid cells in comparison 

with the initial one (1 hour) remains high: in the germinal center, dense, mantle zones and the crown, it is 

higher, on average 5.3; 7.8; 2 and 12.5 times, respectively. However, in dynamics, in comparison with the 

previous three-hour period of the experiment in 4 hours, it decreased in the germinative center, dense and 

mantle zones by an average of 1.8; 2.2 and 1.3 times, respectively. In the crown of lymph nodes, the NMI, 

on the contrary, tends to increase (Table 2). 

 

24 hours after a single injection of H3-T in all areas of the lymph node, except for the crown, the labeled 

nuclei are single. In the crown zone, the NMI of lymphoid cells is 3.96 ± 0.11% o. This is 2 times less than 

in the previous (7 hours) term of the experiment and 7 times longer than the initial (1 hour) term of the 
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experiment. The NMI of the crypt epithelium after 2,3,7 and 24 hours of the experiment is almost the same 

and does not change reliably. The labeled cells migrate from the crypts and are found on the surface of the 

Peyer's plaque protruding into the intestinal cavity. 

 

Based on these results, it should be concluded: 

1. The epithelial and lymphoid cells of different structural and functional zones of the lymph node of 

the Peyer's patch that are in the phase of DNA synthesis differ significantly. 

 

2. The constant level of the NMI of the epithelium associated with the lymphoid tissue 2 hours after 

the injection of H3-T for 2-24 hours indicates that the proliferative pool of crypt cells is stable under 

physiological conditions, does not vary significantly. 

 

3. The NMI of lymphoid cells in the structural and functional zones of the lymph nodes of the Peyer's 

plaque within 1-3 hours after a single (pulse) mark increases unevenly and significantly due to their 

migration from the circulating blood and hematopoietic organs through the wall of numerous blood 

capillaries. 

 

4. Intensive, several tens of times increase in the NMI of lymphoid cells in the dense zone and the 

germinal center (B-dependent zones) reflects the topographic isolation of the B-blast zone during the phylo- 

and ontogenetic formation of the afferent link of the intestinal ISSS, for optimal interaction and stimulation 

of them with intestinal antigens. chyme, integration and regulation of humoral immunity, modulation of 

cellular and humoral immunity. 

 

The NMI of the crypt epithelium increases from 5.96 ± 0.25 (1 hour) to 12.9 ± 0.7 (24 hours), i.e. naturally, 

on average, 2 times for the stationary crypt-villus system. 

 

Analyzing the dynamics of the NMI of lymphoid cells in the lymph nodules of the intestinal Peyer's patch 

after a three-time injection of Hz-T, one should conclude: 

- labeled cells of blood and hematopoietic organs most intensively populate B (germinal center and 

dense zone) and mixed (crown) T- and B-dependent zones; 

- the organs of the functional system, which consists of hematopoietic organs, circulating blood, 

zones of the lymph node of the Peyer's plaque and lymphatic capillaries as an afferent link of the intestinal 

ISSS in physiological conditions, are closely interconnected and, adapting to the dynamic relationship of 

the external and internal environments, provide immune homeostasis in the mucous membrane of the small 

intestine and the body as a whole. It is like a dynamic stationary system, thanks to the complex, not fully 

deciphered mechanisms of regulation, migration inside the lymph node, in the system blood - the zone of 

the lymph node - lymph, proliferation and stimulation during the interaction of antigen-binding and antigen- 

presenting cells with T- and B- blasts maintain a relatively constant structure and ratio of cells in each of the 

structural and functional zones of the lymph node; 

- the uneven nature of the NMI dynamics in different zones of the lymph nodule after multiple 

injections of Ns-T reflects their adaptive capabilities, functioning features, regulation of blast 

differentiation, the relationship between themselves, circulating blood, lymph, subpopulations of T and B 

cells; 

- the synchronism of the increase and decrease in NMI in the areas of the lymph node in dynamics, 

after repeated administration of H3-T, characterizes the systematic regulation of the processes occurring in 

each of them. Purposeful impact on individual regulatory systems of the body allows you to determine their 

role and significance in maintaining homeostasis of the internal environment; 
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- the heterochronism of the NMI dynamics in the areas of the lymph nodes of the intestinal Peyer's 

patch reflects the complexity of the functioning of the immune system in the mucous membrane of the 

organ, its adaptive reserves. 

 

The formation of the structural and functional features of the afferent link of the intestinal ISSS, adaptation 

is significantly influenced by intestinal microorganisms. This was established when studying the formation 

of lymph nodules in Peyer's plaque in the dynamics of postnatal development of the mucous membrane of 

the digestive system, in sterile Fisher rats, as well as after their association with lactobacilli (Lactobacilus 

plantarum; Lactobacillusfermentum), cholera vibrios Eltor, and microflora. 

 

In newborn mammals, as well as animals under sterile conditions, Peyer's patches are not macroscopically 

detected. In the lamina propria of the small intestine, they look like single small clusters of blast lymphoid 

and reticular cells. In 3-4 month old rats, they consist of small lymphocytes (8 / 8.4 + -6.2%), lymphoblasts 

(3.5 + -0.4%) and reticular cells (8.1 + -0.6%). Macrophages are not detected. In sexually mature rats, under 

conditions of gnotobiological isolation, groups of small lymphocytes of the same type are separated from 

each other by multi-process reticular cells. Small lymphocytes have a rounded shape, a centrally located 

nucleus, an electron-light nucleus, a small number of organelles, ribosomes, and polysomes. Closely 

adhering to each other, interacting with reticular cells, interditations, desmosomes, they do not form 

Lymphoblasts among the mass of small lymphocytes are distinguished by their large size, a large rounded 

nucleus, a narrow rim of the cytoplasm, and a small number of organelles. Among the described cells, 

mitotically dividing lymphoblasts can be detected; blood capillaries are moderately developed, lined with a 

flattened endothelium with single endocytic vesicles. Lymphatic capillaries are single, do not contain 

migrating lymphoid cells in the lumen or between flattened endothelial cells. Prismatic limb epithelium 

above the accumulation of lymphoid cells is almost not infiltrated, of the usual structure. Neuroreceptor 

cells are single, characterized by concentric two-membrane vesicular formations under the apical 

plasmolemma. Microvilli, as described earlier, are relatively larger than those of the edged enterocytes, and 

contain a bundle of microtubules and fibrils. Individual microtubules are directed to the supranuclear zone, 

to the structures of the poorly developed Golgi complex. Numerous bundles of fibrils, oriented in different 

directions, are located in the supranuclear cytoplasm. In the supranuclear region, single small, electron-

dense secretory granules are found. The lateral and narrowing basal plasmolemma does not form any 

special contacts with the surrounding epithelial cells and interstitial structures. 

 

If LactobacillusSP-A3 and Lactobacillusfermentum 90T-S4 are administered to sterile peros rats, then after 

2 weeks no visible structural light and electron microscopic changes were detected in the accumulations of 

lymphoid tissue in the lamina propria of the mucous membrane. Only in the mesenteric lymph nodes does 

the formation of the cortical and medulla occur. In the cortical part, single follicles with characteristic 

structural and functional zones appear. Blast cell groups and mitoses are often found in the central part of 

the follicle and in the mantle zone. In the pulpy cords of the medulla, groups of plasma cells are detected 

near the postcapillary venules. After infection of rats with gnotobionts V.eltor (dose 2 billion) or V.cholera 

(dose 4 billion microbial bodies) or contamination with representatives of normal intestinal microflora 

(LactobacillusSP-A3 and Lactobacillusfermentum 90T-S4, E.colli, Bifidobacteriumlohgum), after 2 weeks 

along the small intestine in the mucous membrane, the typical lymph nodules of the Peyer's plaque are 

clearly distinguished with all their characteristic structural and functional zones and cells. 

 

4. Discussion and Conclusion 

Based on the study of the mucous membrane of the small intestine (efferent link ISSO) and lymphoid tissue 

associated with the epithelium (afferent link) in microbial, monofloral rats (lactobacilli, cholera vibrios), 
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conventional with indigenous microflora of animals, in the dynamics of postnatal development, we 

conclude about the dependence of the structure of the organ, its immune, endocrine and nervous systems on 

intestinal microbiocenosis. It is most clearly traced in a comparative study in the dynamics of age and in 

conditions of gnotobiological isolation. The microflora of the external environment, inhabiting the 

intestines of the macroorganism, establishes an epigenomic symbiotic relationship. As a result, in the 

postnatal period of life, the formation of intestinal microbiocenosis, located at the interface between the 

external and internal environment, is carried out in a dynamic relationship with the most important 

processes: nutrition, digestion and absorption, the formation of functional systems at all levels of the 

macroorganism, adaptation and regulation of homeostasis. Due to the fact that this relationship is 

established in postnatal ontogenesis, lasts for millions of years, it has become entrenched as a genetically 

determined natural process. Confirmation of this is the mucous membrane of the small intestine of non-

microbial rats after the introduction of normal intestinal microflora to them: after 3-4 weeks, its structure is 

almost identical to that of animals that grew up under normal vivarium conditions and sowed constantly 

normal microflora from the first day after birth. It should only be noted: the formation in postnatal 

ontogenesis of minimally developed at birth functional systems of all levels, adaptation and regulation of 

homeostasis are carried out harmoniously with constant, from the first day after birth, maintaining normal 

intestinal microbiocenosis, evolutionary natural breastfeeding for 1-2 years. The adaptation of the internal 

environment of the macroorganism to the external one, consisting of nutrients and numerous 

microorganisms, took place gradually, with the involvement of the endocrine, immune and nervous and 

other functional systems of the body in this process, the formation of a dominant normal microflora. The 

close dynamic connection of the functional systems of the macroorganism - normal intestinal 

microbiocenosis involved in optimal digestion and absorption and the external environment adaptively 

formed the mechanisms of colonization resistance. Breast milk is a unique food product for each 

mammalian species containing neuroimmune endocrine, protective and other biologically active substrates, 

is associated with the formation of normal intestinal microbiocenosis, ensures the harmonious development 

and formation of organs and systems of the individual, adaptation and regulation of homeostasis. The 

perfection of evolution is expressed in the fact that in the early postnatal period of life, thanks to natural 

feeding, the formation of functional systems of the macroorganism and normal intestinal microbiocenosis is 

interconnected, which establishes an epigenomic strong connection with the individual. A new functional 

system that has arisen on this basis - a macroorganism - normal intestinal microbiocenosis - forming a 

perfect digestive-transport conveyor, the most multifunctional neuroimmune-endocrine system of the 

gastrointestinal tract, after switching to definitive nutrition, ensures the normal structure and function of all 

organs and systems, perfect adaptation and homeostasis. 

 

Normal intestinal microbiocenosis at the border of the external and internal environments of the body is the 

main factor in maintaining human health. Infection of the intestine with pathogenic intestinal 

microorganisms after 5-10 minutes causes the activation of the afferent (in the intestine) and efferent (CNS) 

links of the regulatory and other functional systems. Their intense functioning simultaneously “turns on” 

mechanisms for building up structural and functional rearrangements and stabilizing “disturbing” changes. 

Colonization resistance should be considered as the stability of the mechanisms of regulation of adaptation 

and homeostasis, the optimal functioning of the system macroorganism-intestinal microbiocenosis- external 

environment. The need to adapt the body to digestion and absorption, coupling with the effects of 

microorganisms in evolution caused the adaptation and integration of the peripheral (gastrointestinal tract) 

and central neuroimmune endocrine and all other FS of the body. The formation after the birth of symbiotic 

relationships between macro- and microorganisms, the regular introduction of nutrients and biologically 

active substrates into the body for the purpose of harmonious development of the individual, adaptation and 

homeostasis of the internal environment, the normal structure and function of internal organs and systems 
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naturally formed in evolution the functional system of the internal environment of the macroorganism - 

intestinal microbiocenosis -external environment. Feedback of the peripheral (in the small intestine) and 

central neuroimmune systems (hypothalamic-pituitary system), symbiotic relationships between 

premembrane dominat - homeostasis of the internal environment of a macroorganism, adequate adaptation 

of functional systems of various levels of organization, metabolism, normal structure and function of all 

organs and systems, the organism as a whole. The complex of mutual adaptive reactions resulting from the 

introduction and reproduction of a microorganism into the organism of a non- microbial animal is aimed at 

maintaining the homeostasis of the internal environment of the macroorganism and equilibrium with the 

environment. It is difficult to assume the sequence of association or infection of the intestine by 

microorganisms, however, the macroorganism and intestinal monoflora, due to the evolution of their 

relationships, can undergo regular mutual adaptation. 
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