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TOPIC:
Digestion in the intestines. Suction.
STUDY QUESTIONS:
1. Evacuation of food from the stomach into the duodenum.
2. The role of the duodenum in digestion.

3. Composition and properties of pancreatic juice. Regulation of pancreatic secretion.

4. The role of the liver in digestion. Formation and excretion of bile, its composition and importance in digestion. Methods of studying bile secretion.

5. Methods of studying the secretory and motor function of the intestine.

6. Digestion in the jejunum and ileum. Composition and properties of intestinal juice.

7. Regulation of intestinal secretion.
8. Intestinal motility, its regulation.

9. Cavitary and parietal digestion in the intestine.

10. Digestion in the large intestine. Non-digestive functions of the large intestine. The act of defecation.

11. Absorption of substances in various parts of the digestive apparatus and mechanisms of absorption.

12. Physiology of hunger (hungry periodicals). Mechanisms of eating behavior.

13. Functional system for maintaining the constancy of nutrients in the body.
SYNOPSIS

     The leading place in the mechanism of evacuation of stomach contents into the duodenum is given to the gastroduodenal or obturator reflex. During a meal, in most cases, the contents of the stomach freely enter the duodenum. Under the influence of the contents of the stomach, mechanoreceptors of the duodenum are stimulated. The information from these receptors is sent to the food center, which, when excited, causes contraction of the muscles of the pyloric part of the stomach, and the transition of food masses to the duodenum stops. Subsequently, the pyloric part of the stomach will open when the food mass, moving forward, leaves the initial part of the intestine and the stimulation of the mechanoreceptors stops. The pylorus will close again only when the next portion of the food masses comes from the stomach into the duodenum. So, the evacuation of the contents of the stomach into the intestine is carried out in portions or quanta. However, it should be remembered that if there is a large amount of food in the stomach, when the pressure on the mechanoreceptors from the stomach increases distinctly, its pyloric section can open even before the duodenum is completely emptied.
     Chemoreceptors of the duodenal mucosa, which are stimulated mainly by hydrochloric acid, are also important in evacuating food from the stomach. When acidic contents from the stomach enter the duodenum, its chemoreceptors are stimulated, and the pyloric section of the stomach contracts, preventing the evacuation of food masses from the stomach. As soon as the contents of the duodenum are neutralized, the stimulation of chemoreceptors stops, the pyloric muscles relax, and the movement of contents from the stomach into the intestines is ensured. This process is also rhythmically repeated. Until recently, this mechanism was given the leading importance, but it turned out that the contents are well evacuated in people with the absence of hydrochloric acid in the gastric juice. The rate of emptying food masses from the stomach also depends on their consistency, osmotic pressure and other factors. It can be noted that liquid food with high osmotic pressure is removed from the stomach cavity faster.
     The pancreas (its secretory function) is of great importance in digestion. The secretory function of the pancreas is studied in humans mainly with the help of duodenal intubation. During the day, the pancreas secretes about 2-2.5 liters of juice with a pH of 7.8-8.4. 92-98% of it is dry residue, it consists of organic and inorganic substances. Inorganic substances include various salts: sodium, potassium, calcium, magnesium, chlorine, etc. Bicarbonates are of practical interest - 3.5-4.0 g / l, which create a favorable environment for pancreatic juice enzymes, therefore their definition is of great diagnostic value. Organic substances of non-protein nature are amino acids, urea, uric acid, etc. The organic substances of protein nature include enzymes, which are subdivided into proteolytic (proteases), lipolytic and aminolytic.
     Proteases of pancreatic juice are: Trypsinogen - the active form is called trypsin, it is activated by the enterokinase enzyme, which is formed in the mucous membrane of the initial part of the small intestine (enterokinase splits off the inhibitor from trypsinogen and uncovers its active center). Trypsin hydrolyzes whole proteins to polypeptides and oligomers. Chymotrypsinogen is the active form of chymotrypsin, activated by trypsin. It hydrolyzes whole proteins to polypeptides and oligomers. Pancreatopeptidase (elastase) is activated by trypsin. It acts upon proteins contained in elastic fibers. Carboxypeptides A and B hydrolyze polypeptides from their groups to monomers. Kallikrein is a trypsin-like enzyme. In of the pancreas juice, ribonuclease and deoxyribonuclease were found, which hydrolyze RNA and DNA, respectively. Ca ions are the accelerators of the hydrolytic process for all these enzymes.
     Lipolytic enzymes include pancreatic lipase, which hydrolyzes fats to glycerol and fatty acids. This enzyme is secreted in a weakly active condition and is activated by bile acids contained in bile and Ca ions. The role of bile acids is to form complexes with fats (micelles) as well. As a result fatty acids are constantly removed from the surface of the fat droplet.
     The amylolytic enzymes of pancreatic juice include pancreatic amylase, which hydrolyzes polysaccharides (mainly amylum) to disaccharides. The activity of this enzyme is increased under the influence of Cl ions.
     It is known that the gland receives parasympathetic (vagus nerve) and sympathetic innervation. Nervous regulation of pancreatic secretion is associated with the alimentary center, which includes the medulla oblongata, hypothalamus and cerebral cortex.
     The humoral mechanisms of regulation of the secretory function of the pancreas are associated with intestinal hormones. Secretin, which is formed from the mucous membrane of the initial section of small intestine, consists of 27 amino acid residues, is released in an inactive state and is activated by hydrogen ions, which split off the carboxyl group from prosecretin (pH should be at least 4.5). Hence, the concentration and activity of secretin in the intestine depends on the amount of acidic compounds coming from the stomach. The second hormonal regulator of pancreatic secretion is pancreosimin, sometimes in the literature it is called cholecystokinin-pancreozymin. Unlike secretin, pancreozymin causes the secretion of pancreatic juice, which is rich in enzymes. The hormones and mediators that stimulate the secretion of the pancreas also include acetylcholine, insulin, vasoactive intestinal peptide, serotonin, thyroxin. Substances that inhibit secretory activity include glucagon (a pancreatic hormone), adrenocorticotropin (ACTH), vasopressin, and catecholamines (adrenaline and noradrenaline).
     There are three phases of pancreatic secretion, each of them includes nervous and humoral mechanisms:

1) Cephalic or complex reflex phase of secretion. It is caused by aquired reflexes (the sight, smell of food) and unconditioned influences (the entry of food into the oral cavity and stimulation of the receptors available there).

2) Gastric phase. It starts when food enters the stomach and stimulates the receptors in it. The phase proceeds according to the type of unconditioned reflex influences.

3) Intestinal (main) phase. Includes nervous (unconditioned reflexes) and humoral mechanisms (substances increasing or slowing pancreatic secretion, which were mentioned earlier).
     Liver is an important organ of digestion, The bile is formed in liver, which plays a great role in the digestion of fats. The formation of bile occurs in the liver constantly under the influence of humoral factors, especially hormones. Hormones such as secretin, pancreozymin, ACTH, hydrocortisone, vasopressin have a constant stimulating effect on the bile formation process. The level of bile acids in the blood is of great importance for bile formation. So, if the number of acids increases, then, there is feedback inhibition of bile formation, when the level of bile acids in the blood decreases – the bile formation is stimulated. Hydrochloric acid coming from the stomach to the duodenum is of certain importance as well. Bile is produced in two stages. Initially, primary bile is formed, which is the result of various types of transport: filtration (water, etc.), based on the difference of hydrostatic pressures; diffusion based on the concentration mechanism; active transport (calcium, sodium, glucose, amino acids, etc.). Many substances contained in primary bile, enter the bile ducts from the blood as a result of these types of transport, others (bile acids, cholesterol) are the result of the synthetic activity of hepatocytes. As the primary bile passes through the ducts, many substances needed by the body are reabsorbed (amino acids, glucose, sodium, etc.) Potassium, urea and others continue to be secreted from the blood, resulting in the formation of the final bile, coming into the gallbladder beyond the digestion.
     The composition of hepatic bile and its amount. During the day, an individual secretes 500-1200 ml of bile: pH is 7.3-8.0. Bile contains 97% water and 3% of dry residue. The dry residue contains: 0.9-1% of bile acids (glycocholic - 80%, taurocholic - 20%); 0.5% - bile pigments (bilirubin, biliverdin); 0.1% - cholesterol, 0.05% - lecithin (ratio 2: 1); mucin - 0.1%, etc. In addition, there are some inorganic substances in bile: KCl, CaCl2, NaCl, etc. The concentration of gallbladder bile is 10 times higher than hepatic bile.
     The meaning of bile:

1) Bile participates in the emulsification of fats (breaking large fat droplets into smaller ones), which contributes to the hydrolysis of fats, because the surface on which the lipase acts increases.

2) Bile promotes the absorption of fatty acids, which are water-insoluble and cannot be absorbed on their own.

3) Bile activates lipase, which hydrolyzes fats.

4) Bile increases intestinal motility.

5) Bile has a selective bactericidal effect.
     Unlike bile formation, bile secretion occurs only at the time of the digestive process, although in some cases a small amount of bile may flow on an empty stomach. Bile secretion is regulated by both nervous and humoral mechanisms. The flow of bile from the liver into the gallbladder or duodenum is due to the pressure gradient in the gallbladder duct, common bile duct and duodenal cavity.
     There are three phases of bile secretion, each of which includes nervous and humoral mechanisms: the 1st phase is complex reflex (cephalic). Conditioned reflex (type, smell of food) and unconditionally reflex (food intake into the oral cavity) bile secretion take place during this phase; the 2nd phase is gastric - bile secretion increases when food enters the stomach and there is stimulation of mucosal receptors (unconditionally reflex bile secretion); the 3rd phase (main) is associated with the entry of food into the intestine and the stimulation of its receptors (unconditioned reflex bile secretion). Humoral mechanisms associated with the action of various factors weaken during this phase.
     Before talking about the functions of the small intestine, let’s turn our attention to its structural features. There are many folds on the intestinal mucosa, which significantly increase the total surface, and create favorable conditions for the absorption of various substances necessary for the vital activity of the body. In addition, on the folds of the intestinal mucosa, there are special excrescences that play an important role in digestion, namely: a) macrovilli with a height of 0.1-0.2 mm, there are about 20-40 such excrescences per 1 cm2., capable of automatic contractions when food contents enter the intestine; b) microvilli, up to 2 microns in height, there are up to 1500-3000 of these formations per 1 mm2., forming a powerful porous catalyzer, on which a huge amount of a wide variety of enzymes are adsorbed, which cause membrane (contact, parietal) digestion. The small intestine has a length of 9-12 meters, three sections are distinguished in it: duodenum, jejunum and ileum. Digestion begins in the small intestine from the duodenum, the common bile duct and pancreatic duct open into its cavity. In the duodenum there is a leading pacemaker, which causes automatic contractions of the wall of the lower parts of the small intestine, which take part in mixing the intestinal contents, saturating it with intestinal juice and evacuating in the aboral direction. The duodenum has numerous nervous and humoral connections with the metabolic centers (carbohydrate, fat, protein, water-salt) of the hypothalamus and takes part in the regulation of these types of metabolism. This was confirmed by experiments with the complete removal of this section of the intestine.
     The small intestine performs excretory, secretory, motor and absorption functions.

     The excretory function is that some of their ingredients enter the intestinal cavity from the blood and lymph, especially if their concentration in these biological fluids is increased (water, salts, urea, etc.).
     The secretory function is associated with the release of intestinal juice into the intestinal cavity, which plays a large role in digestion, which is the result of the intense activity of enterocytes. Intestinal juice consists of 98% water and 2% dry residue: (pH 8-8.6), which contains organic and inorganic substances. In the intestinal juice there are 22 enzymes: various proteases - leucine aminopeptidase, aminopeptidase, carboxypeptidase, tripeptidase, dipeptidase, acidic cathepsins, enteropeptidase, etc. In addition, the intestinal juice contains phosphatase, phosphorylase,
nuclease etc.  Amylolytic enzymes include carbohydrases - sucrase, maltase, lactase, which hydrolyze the corresponding disaccharides. The secretory function of the intestine is regulated by nervous and humoral mechanisms. Nervous regulation of secretion is carried out at the systemic (food center) and organ levels (ganglionic nerve cells of the intestinal tube wall, within which short reflex arcs are closed). Due to them, secretion can be either increased (cholinergic and serotoninergic systems) or inhibited (adrenergic systems). Systemic regulation includes conditioned (sight and smell of food) and unconditioned food reflexes (stimulation by chime of numerous chemo- and mechanoreceptors of the intestinal mucosa). It has been shown that the vagus nerve stimulates the secretion of juice only in 1/3 of the small intestine, in the remaining 2/3 it inhibits, however, the secretory function is also inhibited by sympathetic nerves. Humoral mechanisms, such as enterocrinin, duocrinin (intestinal hormones), as well as acetylcholine, which stimulate its secretion, and catecholamines (adrenaline and norepinephrine), which inhibit it, are important in the regulation of the secretory function of the small intestine.
     The motor function of the small intestine is provided by the contractile elements of the intestinal wall. The importance of motor function is mixing and soaking the contents of the intestine with juice and evacuating the contents of the intestine in the distal direction. There are several types of contractions: Pendular contractions mean that in a small area of ​​the intestine there is a simultaneous contraction of the longitudinal and circular muscles. As a result the food content moves towards the expanded part, where the longitudinal muscle cells contract. Then, a reverse movement of the chyme is observed: in the part of the intestine where the contraction of the circular muscles was observed, the longitudinal muscles contract, and where the longitudinal ones - the circular ones contract, as a result the food contents move in the opposite direction. Hence the name is pendular. Rhythmic segmentation appears in the fact that, over a large extent of the intestine, in different areas, there is a contraction of circular muscles, 1-2 cm in size (constrictions). Then similar contractions take place in other parts of the intestine (alternating contractions). The role of pendular contractions and rhythmic segmentation is to mix and soak the chime with intestinal juice. Peristaltic (undulating) contractions of the intestine. That means that contractions of the circular muscles are observed in a small area of ​​the intestine. Moreover, this contraction begins to gradually move through the intestines for a considerable distance and gradually fades away. Similar contractions are observed in one or another part of the intestine. There are two types of peristaltic contractions - slow and fast, respectively, extending at a speed of 1-2 cm / s and 25-30 cm / s, the pressure in the intestinal cavity rises to 6-12 mm Hg. The force of contraction in the intestine is determined by the nature and amount of food taken. Recent studies have shown that in the intestine there is a decreasing gradient of the frequency of peristaltic contractions: c) in the upper third - 18-20 waves per minute; c) in the middle third - 15-16 waves per minute; n) in the lower third - 12-14 waves per minute. In the small intestine there is an ileocecal sphincter, the role of which is as follows: if pendular contractions or rhythmic segmentation are observed, then the sphincter closes, if peristalsis increases, it opens. The significance of peristaltic contractions is that they ensure the evacuation of intestinal contents in the aboral direction. Tonic contractions (intestinal wall tone). Constant tension of the intestinal wall contributes to both mixing of the intestinal contents and its evacuation. The weakening of the intestinal tone (atony) leads to various disorders of the function of the digestive apparatus and diseases, since the evacuation of contents from the intestine is disturbed, which leads to autointoxication. The motor function of the small intestine is regulated by nervous and humoral mechanisms that are carried out at the systemic, organ, and cellular levels.
     Systemic (extramural) regulation is carried out by the food center located in various parts of the central nervous system - the spinal cord, medulla oblongata, hypothalamus, cerebral cortex. When food masses enter the intestine, the receptors present there (mechano-, chemo-, etc.) are stimulated, their impulses are addressed to the food center, which, when excited, according to the type of conditioned and unconditioned reflexes, causes increased motility. Under the influence of parasympathetic fibers (vagus nerve), intestinal motor function increases. Stimulation of sympathetic fibers by their effect on intestinal motility is twofold: if the mediator norepinephrine interacts with alpha-adrenergic receptors, then an increase in intestinal motor function is observed, if it interacts with beta-adrenergic receptors, then relaxation. Since beta-adrenergic receptors predominate in the intestine, then under the influence of sympathetic fibers, inhibition of the motor activity of the intestine takes place. The regulation of intestinal motor activity is also carried out at the organ level due to ganglion cells (Dogiel cells) located in the intestinal wall, which can increase or decrease intestinal motility due to cholinergic, serotoninergic and adrenergic systems like short reflex arcs. However, in the whole organism, this type of regulation is under the control of systemic regulation. A great role in the regulation of intestinal motility is attributed to cellular regulation associated with the automatic properties of smooth muscle cells. In the intestine, there are two pacemakers associated with the automatic properties of motor units. The leading pacemaker is in the region of duodenum, which determines the rhythm of automatic contractions. The second one is on the border of the jejunum and ileum (II order), which obeys the node of the first order. The basic principle of intestinal contraction is that if there is a contraction of the circular muscles in any part of it, then the longitudinal muscles contract above this place. The motor function of different parts of the small intestine is interrelated, and therefore there are amplifying and inhibiting effects on motor function. The amplifying reflexes of the motor function of the intestine include esophageal-intestinal reflexes, gastrointestinal and intestinal. To inhibitory we refer intestinal and rectal-intestinal reflexes. An important role in the regulation of motor function is given to humoral regulation, which is associated with substances that either increase or decrease the function of the intestine. Substances that increase the motility include serotonin, gastrin, histamine, vasopresin, kallikrein, angitensin-1, oxytocin, prostaglandins A and E, acetylcholine mediator, etc. Catecholamines (adrenaline, norepinephrine, if they interact with beta receptors) inhibit, decrease the intestinal motor function. 
    There are two types of digestion     in the small intestine - intracavitary and parietal (contact, membrane). Both types of digestive activity are inseparable – they complete each other. The hydrolytic process of nutrient processing begins with intracavitary digestion, which consists in the fact that under the influence of enzymes, mainly pancreatic enzymes, large molecules of proteins, lipids and carbohydrates are hydrolyzed into smaller molecules: polypeptides, oligomers, dimers. This intracavitary (preparatory) digestion ends with parietal (membrane, contact), which is associated with the presence of microvilli on the mucous membrane of the small intestine. The latter have a significant absorption property and create a large catalyst surface. Due to the adsorptive properties, a colossal amount of enzymes is concentrated on the surface of microvilli, completing hydrolysis and breaking down intermediate products of hydrolysis of fats, proteins, carbohydrates.
     The enzymes of the small intestine are maltase, sucrase, lactase, various peptidases - aminocarboxypeptidase, amino leucine peptidase, tri- and dipeptidases, as well as phosphatase, phosphorylase, nuclease, etc. They concentrate on the surface of microvilli due to endogenous pinocytosis [i.e. they leave the cells] or are adsorbed from the contents of the intestine containing these enzymes. Parietal digestion differs from intracavitary digestion by the rate of hydrolytic reactions. It has been shown that the process of breakdown of nutrients on the surface of the mucosa occurs 1000 times faster than inside the intestine, since it occurs at the border of two different phases (intestinal mucosa and intestinal contents). It is known that optimal conditions for the hydrolytic process are created at the boundary of two different phases, which is associated with the orientation of enzyme molecules (in this case, their active centers will survive only in the intestinal cavity), the optimum temperature for hydrolysis, pH, osmotic pressure, and the concentration of organic and inorganic substances. and etc. Moreover, it was shown that the hydrolytic process occurs not only on the membrane of the intestinal mucosa, but it also captures a part of the mucous layer - the glycocalyx. Parietal digestion is successfully combined with the processes of absorption of monomers in the intestine, which, being on the membrane of the intestinal mucosa, are instantly transported into the blood and lymph. The presence of parietal digestion in some way determines the relative sterility of the small intestine. The authors of this theory explain this by the fact that the monomers that various microorganisms feed on are mainly located between the villi, the distance between which is so small that microorganisms cannot penetrate into the intervillus space and “get” nutrients for themselves. Therefore, they go to the large intestine.
     The large intestine, which includes the ascending and descending colon, transverse colon, sigmoid and rectum, performs both digestive and non-digestive functions. Non-digestive functions include protective and synthetic. The latter is that in the large intestine, under the influence of microorganisms, numerous endogenous vitamins are formed, mainly water-soluble vitamins of group B (B1, B2, B6, B12, nicotinic acid, para-aminobenzoic acid, etc.). The future doctor must remember this in cases when antibiotics are prescribed for therapeutic purposes. Antibiotics have a detrimental effect on pathogenic microorganisms that harm the organism, since they have a harmful effect on the natural intestinal microflora.
     The protective function of the large intestine is that many of its microorganisms are antagonists of pathogenic microbes. Besides, there are many lymphoid structures (Peyer's patches) in the wall of the large intestine, which take an active part in the differentiation of B-lymphocytes and in the formation of the immunological properties of the organism.
     The digestive functions are secretory, motor, excretory and absorption. The secretory function of the colon is the production of digestive juice. It is a cloudy, colorless liquid with the following composition: pH - 8.5-9.0; 98% water, 2% dry residue. In the dry residue, there are organic and inorganic substances - salts. The organic substances of a protein nature include enzymes, some of them come from the small intestine, and some of them are enzymes produced by the glandular apparatus of the large intestine. The latter includes enzymes that complete hydrolysis. In other words, these enzymes act on the intermediate decomposition products of fats, proteins, carbohydrates. These are peptidases - tripeptidase, carboxypeptidase, aminopeptidase, etc .; acidic cathepsins, nucleases, phosphorylases, phosphatases, carbohydrase (maltase, lactase, sucrase), etc. 
Under the influence of colonic juice enzymes, intermediate products of proteins, fats, and carbohydrates are broken down into monomers. Under the influence of enzymes of microorganisms, partial hydrolysis of cellulose occurs in the large intestine. However, the activity of these enzymes is 20-25 times less than the enzymes of the small intestine.
     The secretory function of the large intestine is regulated by the nervous (from mechanoreceptors) and humoral mechanisms - the action on the secretory elements of the products of hydrolysis of proteins absorbed into the blood and lymph.

     The excretory function of the large intestine is that some substances, the concentration of which is increased, enter from the blood and lymph into the cavity of the large intestine (for example, salts of heavy metals with appropriate intoxication).
    The motor function of the large intestine is mixing the contents and moving it in the caudal direction, and the formation of feces. In the large intestine, pendulum and peristaltic contractions are recorded. The latter, according to the strength of the contractions, are divided into weak (6-8 cm H2O) and strong (20-50 cm H2O), fast (wave duration 5-8 s), and slow (wave duration up to 2 minutes). In the large intestine, tonic contractions also take place. The motor function of the colon is regulated by nervous and humoral mechanisms. Irritation by food contents of the mechano- and chemoreceptors of the large intestine through the vagus nerve leads to stimulation of the alimentary center and an increase in motility, while stimulation of the sympathetic nerves is accompanied by inhibition of contractile activity. Local mechanisms (organ and cellular regulation), which are based on the closure within the intestinal wall, are of great importance in the regulation of colon motility. The cortical regulation of motor function is also important. It is known that in emotional states (negative emotions), the motility of the large intestine can sharply increase (the so-called "bear disease").
     Absorption function. In the large intestine, water is absorbed (according to some authors, from 50 to 90% of water entering the body), various salts and monomers (amino acids, monosaccharides, glycerin, fatty acids, etc.).
     The digestion process ends in the large intestine and ends with the act of defecation (emptying the large intestine), which is a complex reflex process. Feces are formed in the large intestine due to the secretion of mucus (goblet cells) and the absorption of water. The role of mucus is that it is involved in the adhesion of particles contained in the large intestine. Due to the absorption of water, the contents of the intestine are denser. The contents of feces are insoluble salts, epithelium, various pigments, fiber, mucus, microorganisms (up to 30%, etc.). With the accumulation of masses in the intestine, which lead to an increase in pressure, the urge to empty the large intestine appears (the first sensations appear when the pressure in the rectum is 40-50 cm of water). Then the center of defecation is excited, located in the lumbosacral region, which leads to an increase in all types of contractions in the intestine (especially peristaltic and tonic), while the internal and external sphincters of the rectum open, resulting in the emptying of the large intestine. The main role in bowel emptying is played by the muscles of the anterior abdominal wall, with the contraction of which the pressure in the large intestine rises sharply. Under the influence of parasympathetic centers, the internal sphincter of the rectum opens and the motility of the large intestine increases, while the excitation of the sympathetic centers leads to an increase in the tone of the internal sphincter and weakening of the motor function of the large intestine.
     Absorption is a complex biological process of the penetration of substances through biological membranes from one environment to another, which is based on various types of transport. The small intestine is of great importance, since the supply of nutrients necessary for the vital activity of the body takes place in this section of the digestive tube, all types of transport take place there. The known importance in the process of absorption of substances from the intestinal cavity into the lymph and blood is given to the macrovilli, which act as micropumps. As soon as food enters the intestine, macrovilli begin to contract rhythmically due to their contractile elements (smooth muscle cells), 6-8 contractions per minute. During their contraction, the contents enter the lymphatic and circulatory systems. During relaxation, a vacuum is created in the cavity of the macrovillus, due to which certain hydrolysis products and other substances are absorbed from the cavity of the small intestine. From the blood and lymphatic vessels, the contents do not return to the macrovillus due to the presence of the valve apparatus. Thus, macrovilli work rhythmically, facilitating the absorption of substances from the small intestine cavity into the blood and lymph. It was shown that one million macrovilli absorbs about 25 ml of the contents of the small intestine within one minute. The intestinal hormone, villikinin, which is released as a result of stimulation of mechano- and chemoreceptors, as well as under the influence of bile acids, various extractives and other humoral factors, triggers the contraction of macrovilli. It should be remembered that if the pressure in the intestinal cavity under the influence of the muscular system increases sharply, then in this case the macrovilli are pressed against the intestinal wall and their role in the absorption of hydrolysis products from the intestine is turned off.
     In the small intestine, passive transport takes place, due to filtration (the difference in hydrostatic pressures) and diffusion (the concentration gradient of substances is triggered). In the processes of absorption, great importance is attached to active transport associated with the function of various pumps, accompanied by the waste of significant amounts of energy. Pinocytosis is also a kind of transport of substances from the intestine into the blood and lymph, which consists in the fact that the particles of the substance in the intestine come to its wall and form deepenings in it, into which the contents of the intestine enter. From this deepening, a bubble is formed, which gradually moves, reaches the wall of the lymphatic or blood vessel, and its contents are poured into the blood and lymph.
     There is a concept of hungry periodicals - a certain pattern in the activity of the gastrointestinal tract, during fasting. It consists in the fact that every 1.5-2 hours in most parts of the digestive tube, the secretory function is enhanced. This period of increase in the secretory and motor functions of the parts of the digestive tube lasts for 20-30 minutes (in humans, up to 50). Subsequently, secretion and motility return to their original state, and again this pattern was repeated.
     It is generally accepted that the periodic activity of the gastrointestinal tract underlies hunger sensations, prompting animals and humans to seek food. Later, it was shown that periodic activity during hunger spreads to other systems of the body. So, during hunger, there is an increase in the amplitude of respiratory movements; an increase in systolic volume output and cardiac output (due to an increase in the frequency and strength of heart contractions); many conditioned and unconditioned reflexes are increased, the number of leukocytes, erythrocytes, hemoglobin, as well as many biologically active substances - hormones, mediators, etc., increases in the blood; body temperature and metabolism rise slightly.
     The biological significance of hungry periodicals is aimed at mobilizing the body for obtaining food, which leads to a targeted behavioral response of the human and animal body, which is in the nature of food motivation. When food enters the gastrointestinal tract, the hungry periodicals disappear. However, if there is no food, then the body switches to the endogenous type of nutrition, using its reserve (adipose, muscle tissue, blood plasma proteins, etc.)
Students’ individual homework. 
The program: "Virtual Physiology".

The topic: "Physiology of Digestion".

Work No. 1. Study of the substrate specificity of pepsin. Practicum on virtual physiology page 79.

Work No. 2 Study of the substrate specificity of lipase. Practicum on virtual physiology p. 81.

The work performed is documented in the protocol exercise-book in the section for virtual physiology

Students’ individual work in the classroom

Practical work No. 1 "PARIETAL DIGESTION IN THE INTESTINE"
Work progress: 2 ml of distilled water and 1 ml of 1% starch paste are poured into each of test tubes No. 1 and No. 2. A piece of the small intestine of a rabbit (about 2 cm long) is placed into the test tube No. 2. Both test tubes are placed into the thermostat (t = 38-40 0С) for 20 minutes. Then it is cooled and titrated with Lugol's solution.
Interpretation of results. By the number of drops of Lugol's solution, used to stain the contents of the test tubes in blue, they estimate the activity of enzymatic processes in test tube No. 2.
Practical work No. 2. "STUDY OF THE EFFECT OF BILE ON FATS".
Work progress: Take two test tubes. Add 3 ml of water into the first one and into the second - 3 ml. water and 10 drops of bile. Add 7 drops of fat to each tube. Close the opening of the tubes with your fingers, shake vigorously and compare the lifetime of the emulsions in both tubes.

Interpretation of results. Evaluate the property of bile revealed in the experiment in relation to the processes of digestion in the intestine.
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