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 Regulation of Respiration.

Questions for discussion in class on the topic:

1. Reflex autoregulation of breathing: the organization of the respiratory center and the role of its parts in the regulation of breathing. Automation of the respiratory center.

2. The change mechanism of respiratory phases (the role of proprio- and mechanoreceptors of respiratory muscles, lungs, bronchi, chemoreceptors of reflexogenic zones).

3. Reflex effects on the bulbar center of respiration from the higher levels of  the brain (hypothalamus, cerebral cortex; regulation of respiration).

4. Humoral mechanism of respiratory regulation (the role of carbonic acid, CO2, O2, H+ ...).

5. Breathing under low and high barometric pressure and when the composition of the gas mixture changes.

6. Breathing during muscular work.

7. The concept of hypoxia. Types of hypoxia.

8. Functional system supporting gas homeostasis. Analysis of its central and peripheral components.

Abstract (summary) of the topic: 
Structural and functional characteristics of the respiratory center: localization (according to experimental data), neural organization of the respiratory center, automatism and its origin. The role of humoral factors in the regulation of respiratory intensity. Reflex autoregulation of inhalation and exhalation: the role of vagus nerves (Hering–Breuer reflexes) and proprioreceptors of respiratory muscles (experimental data)

The main function of the respiratory system is to ensure the gas exchange of O2 and CO2 between the environment and the body according to its metabolic needs. In general, this function is regulated by a network of numerous CNS neurons that are connected to the respiratory center of the medulla oblongata.

The respiratory center. The respiratory center in an anatomical sense is understood as a set of neurons of specific (respiratory) nuclei of the medulla oblongata, capable of generating a respiratory rhythm. In the physiological sense, the respiratory center includes all nerve formations located on different floors of the nervous system, which take part in the regulation of respiration and in adapting its parameters to the needs of the body in different conditions.

Analyzing the results of cuts, electrical stimulation and coagulation of various areas of the medulla oblongata, Mislavsky (1885) came to the conclusion that the respiratory center (RC) is located in the reticular formation of the medulla oblongata on both sides of the suture at the level of the roots of the sublingual nerve. From the sides they are bounded by restiform bodies, and from below by olives and pyramids. Mislavsky proved that the respiratory center has inspiratory and expiratory parts (the center of inspiration and the center of exhalation). Currently, it has been shown that inspiratory neurons predominate in the caudal part of the tractus solitarius, expiratory neurons - in the ventral nucleus (nucleus ambiguus).
Under normal (physiological) conditions, the respiratory center receives afferent signals from peripheral and central chemoreceptors, signaling, respectively, the partial pressure of O2 in the blood and the concentration of H + in the extracellular fluid of the brain. During the waking period, the activity of the respiratory center is regulated by additional signals emanating from various structures of the central nervous system. In humans, these are, for example, structures that provide speech. Speech (singing) can significantly deviate from the normal level of blood gases, even reduce the reaction of the respiratory center to hypoxia or hypercapnia. Afferent signals from chemoreceptors interact closely with other afferent stimuli of the respiratory center, but, ultimately, chemical or humoral control of respiration always dominates neurogenic. For example, a person cannot hold his breath forever because of hypoxia and hypercapnia that increase during respiratory arrest.
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 The respiratory center performs two main functions in the respiratory system: motor, which means a contraction of the respiratory muscles, and homeostatic, associated with a change in the nature of breathing with shifts in the content of O2 and CO2 in the internal environment of the body.

The motor function of the respiratory center is to generate a respiratory rhythm and its pattern. The generation of the respiratory rhythm is understood as the generation of inspiration by the respiratory center and its termination (transition to expiration). The breathing pattern is the duration of inhalation and exhalation, the amount of respiratory volume, minute volume of breathing. The motor function of the respiratory center adapts breathing to the metabolic needs of the body,  breathing in behavioral reactions (posture, running, etc.), and also integrates breathing with other functions of the central nervous system. This function is carried out primarily due to the activity of the bulbar respiratory center.

Fig. 160. Bioelectric activity of the main types of respiratory neurons during the three neural phases of the respiratory cycle. 1 — early; 2 — complete; 3 — late inspiratory; 4 — post-inspiratory; 5 – expiratory; 6 — pre-inspiratory neurons.
The homeostatic function of the respiratory center maintains normal values of respiratory gases (O2, CO2) and pH in the blood and extracellular fluid of the brain, regulates breathing when body temperature changes, adapts the respiratory function to the conditions of the changed gas environment, for example, with reduced and increased barometric pressure. This function is carried out by the respiratory neurons of the hypothalamus and the cerebral cortex.

Localization and functional properties of respiratory neurons. The neurons of the respiratory center are localized in the dorsomedial and ventrolateral regions of the medulla oblongata and form the so-called dorsal and ventral respiratory groups.

Respiratory neurons whose activity causes inspiration or expiration are called inspiratory and expiratory neurons, respectively. Inspiratory and expiratory neurons innervate the respiratory muscles.

There are the following main types of respiratory neurons in the dorsal and ventral respiratory groups of the medulla oblongata:

1) early inspiratory, which are discharged with maximum frequency at the beginning of the inhalation phase;

2) late inspiratory, the maximum frequency of discharges of which falls at the end of inspiration;

3) full inspiratory with constant or gradually increasing activity during the inhalation phase;

4) post-inspiratory, which have a maximum discharge at the beginning of the exhalation phase;

5) expiratory with constant or gradually increasing activity, which they show in the second part of the exhalation phase;

6) pre-inspiratory, which have a maximum peak of activity immediately before the start of inspiration.

The type of neurons is determined by the manifestation of its activity relative to the phase of inhalation and exhalation.
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Fig. 166 schematically shows patterns of electrical activity of respiratory neurons.
 

Fig. 161. Localization of inspiratory (I) and expiratory (E) centers in the medulla oblongata. There you may see discharges of neurons of these centers in different phases of the respiratory cycle.
Neurons of the respiratory center whose activity coincides with the rhythm of breathing, but they do not innervate the respiratory muscles, are called respiratory-related neurons. Respiratory-related neurons include cells of the respiratory center that innervate the muscles of the upper respiratory tract, for example, the larynx.

The dorsal respiratory group (DRG) includes symmetrical regions of the medulla oblongata located ventrolateral to the nucleus of a single bundle (Fig. 2). The respiratory neurons of this group belong only to the inspiratory type of neurons and are represented by late and complete inspiratory neurons.

DRG neurons receive afferent signals from pulmonary stretch receptors along the fibers of the vagus nerve, whose neurons have extensive synaptic connections with other parts of the respiratory center and with various parts of the central nervous system. Only a part of the inspiratory neurons of the DRG are connected by axons with the respiratory motor neurons of the spinal cord, mainly from the contralateral side.

The ventral respiratory group (VRG) is located laterally to the mutual nucleus of the medulla oblongata, or the nucleus of the vagus nerve. The VRG is divided into rostral and caudal parts relative to the level of the valve (obex) of the medulla oblongata (see Fig. 166).
Neurons of the respiratory center, depending on the projection of their axons, are divided into three groups:

1) neurons that innervate the muscles of the upper respiratory tract and regulate the flow of air in the respiratory tract;

2) neurons that are synaptically connected to the respiratory motor neurons of the spinal cord and thus control the muscles of inhalation and exhalation;

3) propriobulbar neurons that are connected to other neurons of the respiratory center and participate only in the generation of the respiratory rhythm.

Other areas of localization of respiratory neurons. In the pons there are two nuclei of respiratory neurons, which are called the pneumotactic center. In the first nucleus there are mainly inspiratory, expiratory, as well as phase—transitive neurons, and in the second - inspiratory neurons. In anesthetized animals, the destruction of these nuclei causes a decrease in the frequency and an increase in the amplitude of respiratory movements. It is assumed that the respiratory neurons of the pons are involved in the mechanism of phase change of respiration and regulate the amount of respiratory volume. In combination with bilateral transection of the vagus nerves, the destruction of these nuclei causes respiratory arrest on inspiration, or inspiratory apneosis. Inspiratory apneosis is interrupted by rare, short-term and rapid exhalations. After the animals come out of anesthesia, apneosis disappears and rhythmic breathing is restored.

Diaphragmatic motor neurons form the diaphragmatic nerve. The neurons are arranged in a narrow column in the medial part of the ventral horns from CII to CV. The main number of fibers of the diaphragmatic nerve are axons of α-motor neurons, and a smaller part is represented by afferent fibers of muscle and tendon spindles localized in the diaphragm, as well as receptors of the pleura, peritoneum and free nerve endings of the diaphragm itself.
Motor neurons of spinal cord segments innervating respiratory muscles. At the CI—CIII level, near the lateral edge of the intermediate zone of gray matter, there are inspiratory neurons that are involved in regulating the activity of intercostal and diaphragmatic motor neurons. Motor neurons innervating intercostal muscles are localized in the gray matter of the anterior horns at the level from TIV to TX. Moreover, some neurons regulate mainly respiratory, and others — mainly posnotonic activity of intercostal muscles. Motor neurons innervating abdominal wall muscles are localized within the ventral horns of the spinal cord at the level of TIV—LIII.

Generation of respiratory rhythm. Spontaneous activity of neurons of the respiratory center begins to appear towards the end of the period of intrauterine development. Currently, it has been proven that the excitation of the respiratory center in the fetus appears due to the pacemaker properties of the network of respiratory neurons of the medulla oblongata. The same mechanism supports lung ventilation in newborns in the first days after birth. From the moment of birth, as the synaptic connections of the respiratory center with various departments of the central nervous system are formed, the pacemaker mechanism of respiratory activity quickly loses its physiological significance. In adults, the rhythm of activity in the neurons of the respiratory center arises and changes only under the influence of various synaptic effects on the respiratory neurons.

The respiratory cycle is divided into the inhalation and the exhalation phase. The two phases of external respiration correspond to three phases of activity of neurons of the respiratory center of the medulla oblongata: inspiratory, which corresponds to inspiration; post-inspiratory, which corresponds to the first half of exhalation and is called passive controlled expiration; expiratory, which corresponds to the second half of the exhalation phase and is called the active expiration phase.

The generation of respiratory rhythm occurs in the network of neurons of the medulla oblongata. It is proved that the network of the main types of respiratory neurons of the medulla oblongata is capable of generating a respiratory rhythm in vitro in slices of the medulla oblongata with a thickness of only 500 microns placed in an artificial nutrient medium.

Inspiratory activity of the respiratory center begins with a powerful starting discharge of early inspiratory neurons, which appears spontaneously 100-200 ms before discharge in the diaphragmatic nerve. At this point, the early inspiratory neurons are completely freed from strong inhibition by post-inspiratory neurons. Complete disinhibition of early inspiratory neurons occurs at the moment when the pre-inspiratory neurons of the respiratory center are activated, which finally block the discharge of expiratory neurons.

The starting discharge of early inspiratory neurons begins to activate full inspiratory neurons that are able to excite each other. Full inspiratory neurons, due to this property, maintain and increase the frequency of generation of action potentials during the inhalation phase. It is this type of respiratory neurons that creates increasing activity in the diaphragmatic and intercostal nerves, causing an increase in the force of contraction of the diaphragm and external intercostal muscles.

Early inspiratory neurons, due to the special physiological properties of their membranes, stop generating action potentials by the middle of the inhalation phase. This monosynaptically disinhibits late inspiratory neurons, so their activity appears at the end of inspiration.

The cessation of activity of all types of inspiratory neurons of the respiratory center disinhibits post-inspiratory neurons. Moreover, the process of disinhibition of post-inspiratory neurons begins much earlier, namely during the period of decreasing discharges of early inspiratory neurons. Inspiration is turned off and the phase of passive controlled expiration begins. Post-respiratory neurons regulate the degree of relaxation of the diaphragm in the first half of the exhalation phase. In this phase, all other types of neurons of the respiratory center are inhibited.

The second half of the exhalation phase, or the active expiration phase, completely depends on the mechanism of rhythmogenesis of inspiratory and post-inspiratory activity. For example, with rapid respiratory movements, the post-inspiratory phase can directly pass into the phase of the next inspiration.

The interaction between RC neurons is currently represented as follows. As a result of reflex impulses from chemoreceptors, there is an excitation of inspiratory neurons and reciprocal inhibition of expiratory ones. At the same time, impulses from inspiratory neurons flow to the center of pneumotaxis, and from it to expiratory neurons, causing their excitation and the act of exhalation. At the same time, the exhalation center is excited by an impulse from the lung stretching receptors. Activation of expiratory neurons reciprocally inhibits the inspiratory center, but through the center of pneumotaxis, its new excitation occurs, supported by impulses from the receptors of lung decline.

 The activity of the respiratory muscles changes during the three phases of the neural activity of the respiratory center. In inspiration, the muscle fibers of the diaphragm and the external intercostal muscles gradually increase the force of contraction. During the same period, the laryngeal muscles are activated, which widen the glottis, which reduces the resistance to air flow on inspiration. The work of inspiratory muscles during inspiration creates a sufficient supply of energy, which is released in the post-inspiratory phase, or in the phase of passive controlled expiration. In the post-respiratory phase of breathing, the volume of air exhaled from the lungs is controlled by slow relaxation of the diaphragm and simultaneous contraction of the laryngeal muscles. The narrowing of the glottis in the post-respiratory phase increases the resistance to air flow on exhalation. This is a very important physiological mechanism that prevents the decline of the airways of the lungs with a sharp increase in the velocity of the air flow on exhalation, for example, with forced breathing or defensive reflexes of coughing and sneezing.
In the second phase of exhalation, or the phase of active expiration, the expiratory air flow is enhanced by the contraction of the internal intercostal muscles and abdominal wall muscles. During this phase, there is no electrical activity of the diaphragm and external intercostal muscles.

Coordination of the activity of the right and left halves of the respiratory center is another function of respiratory neurons. The respiratory center has a dorsal and ventral group of neurons in both the right and left half of the medulla oblongata and thus consists of two symmetrical halves. This function is performed due to the synaptic interaction of various types of respiratory neurons. Respiratory neurons are interconnected both within one half of the respiratory center and with neurons of the opposite side. At the same time, the propriobulbar respiratory neurons and expiratory neurons of the Botzinger complex are of the greatest importance in synchronizing the activity of the right and left halves of the respiratory center.
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Fig./168. The general scheme of action of stimulating factors and peripheral receptors affecting respiration
Reflex regulation of respiration is carried out due to the fact that the neurons of the respiratory center have bonds with numerous mechanoreceptors of the respiratory tract and alveoli of the lungs and receptors of vascular reflexogenic zones. There are the following types of mechanoreceptors in human lungs:

1) irritant, or rapidly adapting, receptors of the mucous membrane of the respiratory tract;

2) respiratory tract smooth muscle stretching receptors;

3) J-receptors.

Reflexes from the nasal mucosa. Irritation of the irritant receptors of the nasal mucosa, for example, tobacco smoke, inert dust particles, gaseous substances, water causes narrowing of the bronchi, glottis, bradycardia, decreased cardiac output, narrowing of the lumen of the vessels of the skin and muscles. The protective reflex is manifested in newborns during short-term immersion in water. They have respiratory arrest, which prevents the penetration of water into the upper respiratory tract.
Reflexes from the pharynx. Mechanical irritation of the receptors of the mucous membrane of the back of the nasal cavity causes a strong contraction of the diaphragm, the external intercostal muscles, and consequently, inhalation, which opens the airway through the nasal passages (aspiration reflex). This reflex is expressed in newborns.

Reflexes from the larynx and trachea. Numerous nerve endings are located between the epithelial cells of the mucous membrane of the larynx and the main bronchi. These receptors are irritated by inhaled particles, irritating gases, bronchial secretions, foreign bodies. All this causes a cough reflex, manifested in a sharp exhalation against the background of narrowing of the larynx and contraction of the smooth muscles of the bronchi, which persists for a long time after the reflex. The cough reflex is the main pulmonary reflex of the vagus nerve.
Reflexes from bronchiole receptors. Numerous myelinated receptors are located in the epithelium of the intra-pulmonary bronchi and bronchioles. Irritation of these receptors causes hyperpnea, bronchoconstriction, laryngeal contraction, hypersecretion of mucus, but is never accompanied by a cough. Receptors are most sensitive to three types of stimuli:

1) tobacco smoke, numerous inert and irritating chemicals;

2) damage and mechanical stretching of the airways during deep breathing, as well as pneumothorax, atelectasis, the action of bronchoconstrictors;

3) pulmonary embolism, pulmonary capillary hypertension and pulmonary anaphylactic phenomena.

Reflexes from J-receptors. In the alveolar septa, special J-receptors are in contact with the capillaries. These receptors are particularly sensitive to interstitial edema, pulmonary venous hypertension, microembolism, irritating gases and inhaled narcotic substances, phenyldiguanide (with intravenous administration of this substance). Stimulation of J-receptors causes first apnea, then superficial tachypnea, hypotension and bradycardia.

The Hering-Breuer reflex. Inflating the lungs of an anesthetized animal reflexively slows down the inhalation and causes exhalation. Cutting the vagus nerves eliminates the reflex. Nerve endings located in the bronchial muscles play the role of lung stretching receptors. They are referred to as slow-adapting lung stretching receptors, which are innervated by myelinated fibers of the vagus nerve. The Hering-Breuer reflex controls the depth and frequency of breathing. In humans, it has a physiological significance for respiratory volumes over 1 liter (for example, during physical exertion). In a waking adult, short-term bilateral blockade of the vagus nerves with the help of local anesthesia does not affect either the depth or the frequency of breathing. In newborns, the Hering-Breuer reflex is clearly manifested only in the first 3-4 days after birth.

Proprioceptive breath control. The receptors of the chest joints send impulses to the cerebral cortex and are the only source of information about chest movements and respiratory volumes. Intercostal muscles, to a lesser extent the diaphragm, contain a large number of muscle spindles. The activity of these receptors is manifested by passive muscle stretching, isometric contraction and isolated contraction of intrafusal muscle fibers. The receptors send signals to the corresponding segments of the spinal cord. Insufficient shortening of inspiratory or expiratory muscles increases the impulses from muscle spindles, which through the γ-motor neurons increase the activity of α-motor neurons and thus dose muscle effort.
Chemoreflexes of breathing. PO2 and PCO2 in the arterial blood of humans and animals are maintained at a fairly stable level, despite significant changes in O2 consumption and CO2 release. Hypoxia and a decrease in blood pH (acidosis) cause increased ventilation (hyperventilation), and hyperoxia and an increase in blood pH (alkalosis) cause a decrease in ventilation (hypoventilation) or apnea. Control over the normal content of O2, CO2 and pH in the internal environment of the body is carried out by peripheral and central chemoreceptors. An adequate stimulus for peripheral chemoreceptors is a decrease . PO2 of arterial blood, to a lesser extent an increase in PCO2 and pH, and for central chemoreceptors — an increase in the concentration of H+ in the extracellular fluid of the brain.

Arterial (peripheral) chemoreceptors. Peripheral chemoreceptors are located in the carotid and aortic corpuscles. Signals from arterial chemoreceptors along the sinocarotid and aortic nerves initially arrive at the neurons of the nucleus of a single bundle of the medulla oblongata, and then switch to the neurons of the respiratory center. The response of peripheral chemoreceptors to a decrease in Pao2 (partial pressure of oxygen in arterial blood) is very fast, but nonlinear. With Pao2 in the range of 80-60 mmHg. there is a weak increase in ventilation, and with Pao2 below 50 mm Hg. hyperventilation occurs.
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 Fig. 163. Carotid (A) and aortic (B) corpuscles and afferent fibers extending from them. C. Dependence of the frequency of chemoceptor discharges on the oxygen voltage in arterial blood. A record of impulses in the sinocarotid nerve during perfusion of the isolated cat's carotid sinus with blood with different oxygen voltage (PO2) at a constant CO2 voltage (33 mmHg) and pH = 7.33. Along the ordinate axis, the total impulse in the sinocarotid nerve is postponed as a percentage of the maximum possible (f/fmax).
 

Lack of O2 in arterial blood is the main irritant of peripheral chemoreceptors. Pulse activity in the afferent fibers of the sinocarotid nerve stops at Pao2 above 400 mmHg (53.2 kPa). With normoxia, the frequency of discharges of the sinocarotid nerve is 10% of their maximum reaction, which is observed at Pao2 about 50 mmHg and below. Hypoxic respiratory reaction is practically absent in the indigenous inhabitants of the highlands and disappears after about 5 years in the inhabitants of the plains after the beginning of their adaptation to the highlands (3500 m and above).
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Fig. 164. Chemoreceptor zones involved in the regulation of respiration on the ventral surface of the cat's medulla oblongata.
Central chemoreceptors. The location of the central chemoreceptors has not been definitively established. Researchers believe that such chemoreceptors are located in the rostral parts of the medulla oblongata near its ventral surface, as well as in various areas of the dorsal respiratory nucleus. The presence of central chemoreceptors is proved quite simply: after cutting the sinocarotid and aortic nerves in experimental animals, the sensitivity of the respiratory center to hypoxia disappears, but the respiratory reaction to hypercapnia and acidosis is completely preserved. Cutting the brain stem directly above the medulla oblongata does not affect the nature of this reaction.

An adequate stimulus for central chemoreceptors is a change in the concentration of H * in the extracellular fluid of the brain. The function of a regulator of threshold pH shifts in the area of central chemoreceptors is performed by the structures of the blood-brain barrier, which separates blood from the extracellular fluid of the brain. Through this barrier, O2, CO2 and H+ are transported between the blood and extracellular fluid of the brain. The transport of CO2 and H+ from the internal environment of the brain to the blood plasma through the structures of the blood-brain barrier is regulated with the participation of the enzyme carbonic anhydrase.
The reaction of breathing to CO2. Hypercapnia and acidosis stimulate, and hypocapnia and alkalosis inhibit central chemoreceptors. With a decrease in pCO2 in arterial blood, respiratory stimulation decreases sharply. This is not difficult to detect if you perform increased hyperventilation of the lungs for a few seconds. After that, I don't want to breathe for a while. When, under general anesthesia, anesthesiologists exceed the normal level of lung ventilation, there is often about a minute's respiratory arrest. Thus, an increase in pCO2 in arterial blood causes increased ventilation of the lungs. This is mainly due to the reaction of central chemoceptors to an increased concentration of H+ ions in the extracellular fluid of the brain. A certain, but smaller role in increasing ventilation is played by impulses from peripheral receptors that respond to both an increase in pCO2 and a decrease in the pH of arterial blood.

Coordination of breathing with other body functions. Unlike other physiological functions of the body, respiration is under the control of both the autonomic (vegetative) and somatic nervous system, therefore, in humans and animals, respiration is often called a vegetative-somatic function. There is a close interaction between the regulation of breathing of humoral and reflex nature and the processes of conscious brain activity. However, during sleep or in states associated with a person's lack of consciousness, external respiration is preserved and the normal maintenance of gas homeostasis of the internal environment is ensured. On the other hand, a person has the ability to change the depth and frequency of breathing at will, or to delay it, for example, while under water. Arbitrary breathing control is based on the cortical representation of the proprioceptive analyzer of the respiratory muscles and on the presence of cortical control of the respiratory muscles.

Electrical stimulation of the cerebral cortex in humans and animals has shown that the excitation of some cortical zones causes an increase, and the irritation of others causes a decrease in pulmonary ventilation. The most severe respiratory depression occurs when the limbic system of the forebrain is electrically stimulated. With the participation of the thermoregulation centers of the hypothalamus, hyperpnea occurs in hyperthermic conditions.
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 Fig.165. The effect on respiration of central nervous system cuts at various levels: a-e — levels of cuts and their corresponding pneumograms, K—representation of the respiratory center in the cortex (conditionally), Ht — representation of the respiratory center in the hypothalamus, P — pneumotactic center, Ap — apneistic center (varoliev pons), E - expiratory center (medulla oblongata), I - inspiratory center (medulla oblongata)
Cortical regulation of respiration. The activity of the entire set of neurons forming the RC is necessary to maintain normal breathing. However, the overlying departments of the central nervous system also take part in the processes of regulation of respiration, which provide subtle adaptive changes in respiration during various types of activities. An important role in the regulation of respiration belongs to the large hemispheres of the brain and their cortex, thanks to which the adaptation of respiratory movements during conversation, singing, sports and work is carried out. The ability of the cerebral cortex to influence the processes of external respiration is evident from the fact that it is possible to arbitrarily change the frequency and rhythm of breathing, and, in addition, it is possible to develop conditioned reflex changes in breathing (for example, pre-start changes in breathing in athletes, etc.). Breathing largely occurs consciously, i.e. the cerebral cortex within certain limits it can subordinate the activity of the respiratory centers located in the brain stem. For example, you can consciously hyperventilate the lungs so much that there will be a significant decrease in pCO2, and the pH of arterial blood will increase by 0.2 units.

The respiratory centers of the brain stem are connected to the motor area of the cerebral cortex. This connection ensures the coordination of breathing with the rhythm of movements (speech, singing). It is assumed that the motor areas of the cortex can directly act on the spinal motor neurons of the respiratory muscles.

The nature of breathing can be influenced by other parts of the brain. The limbic system and hypothalamus affect breathing in affective states (rage, fright).

 Features of respiration and its regulation during muscular work, at low and high atmospheric pressure. Hypoxia and its types. Artificial respiration. Hyperbaric oxygenation.
 Hypoxia and the effect of low atmospheric pressure on the body. Any lack of oxygen in individual tissues or the body as a whole is called hypoxia. The lack of oxygen in the blood is called hypoxemia. There are four types of hypoxia.

1. With insufficient oxygen saturation of the blood, respiratory (hypoxemic) hypoxia occurs. This condition occurs in the following cases:

- at low partial pressure of oxygen in the air;

- with insufficient ventilation of the lungs (obstruction of the respiratory tract, weakness of the respiratory muscles, insufficiency of the respiratory center, pneumothorax). At the same time, hypercapnia, an increased concentration of CO2 is noted in the blood.

- with a deterioration in the diffusion of gases through the pulmonary membrane (bronchial spasm, filling of the alveoli with fluid in edema, pneumonia, drowning), which is also accompanied by hypercapnia;

- with some types of heart disease.

2. Anemic hypoxia is caused by a decrease in the ability of the blood to bind oxygen, i.e. a decrease in the oxygen capacity of the blood. This occurs when blood is lost, Hb is bound by other substances (carbon monoxide, ferrocyanides, etc.).

3. In the case of slowing down the movement of blood in the capillaries with general circulatory insufficiency, due to insufficient blood flow to individual organs, stagnant hypoxia or circulatory occurs. Essentially, every death from cardiac arrest is a death from hypoxia.

4. When tissues cannot use oxygen due to inactivation of oxidative enzymes (for example, cyanides), histotoxic hypoxia occurs.

  With the exception of circulatory hypoxia, which occurs in the case of insufficient blood flow to individual organs, other forms of hypoxia lead to insufficient oxygen supply to all tissues. But since the sensitivity of different tissues to lack of oxygen is different, the same degree of hypoxia can cause serious disorders in the activity of some organs, almost without affecting others, changes in which will be primarily caused by disorders occurring in the most hypoxia-sensitive organs.

The higher parts of the central nervous system and the higher receptors (the eye retina) react the fastest and most sharply to the lack of oxygen. This appears especially with rapid development and significant hypoxia. In this case, the shock of consciousness can occur instantly, as it happens, for example, with strangulation (cessation of blood flow to the brain). With a slower development of hypoxia, death also always occurs after loss of consciousness, i.e. after paralysis of the functions of the higher parts of the brain.

The kidneys, liver and heart muscle are less sensitive to hypoxia than the brain, but signs of a disorder of their functions occur quite quickly. Skeletal, and especially smooth muscles retain vital activity with a lack of oxygen for a relatively long time, for several hours (a tourniquet is applied for 2 hours, and after that the limb function is restored).

The consequence of a drop in oxygen voltage in the blood is always at first an increase in the activity of the respiratory center, which manifests itself in a quickening and deepening of breathing and leads to an increase in modes. This effect depends mainly on reflex stimulation of chemoreceptors of the aortic arch and carotid sinus. Increased pulmonary ventilation in hypoxia is characteristic of its shallow stage. It has a positive value for the body, especially in the case of respiratory hypoxia. In this case, the growth of pulmonary ventilation leads to an increase in the partial pressure of oxygen in the blood. In other forms of hypoxia that do not depend on the lack of oxygen in arterial blood, an increase in respiratory activity cannot contribute to the elimination of hypoxia.

With the deepening of hypoxia, a weakening of the working capacity of the respiratory center occurs, first manifested in periodic Chain-Stokes breathing, which does not provide sufficient ventilation of the lungs. Then insufficient respiration joins the causes of hypoxia and a vicious circle turns out: hypoxia leads to respiratory insufficiency, and respiratory insufficiency further aggravates hypoxia. It is possible to break this circle only by eliminating the cause of hypoxia.

Changes in blood circulation in hypoxia are characterized by the fact that in its initial phases there is an increase in heart palpitations, an increase in the minute volume of the heart, an increase in blood pressure. Due to the emptying of the depot, the mass of circulating blood increases and the oxygen capacity of the blood increases. However, with prolonged and severe hypoxia, the defeat of the centers of regulation of blood circulation occurs and a second vicious circle is obtained - hypoxia causes circulatory disorders, and it exacerbates hypoxia.

Characteristics of breathing at low atmospheric pressure. The most studied form of hypoxia is hypoxemic hypoxia, especially its respiratory form. A person encounters this form of hypoxia when climbing to heights, when flying into the stratosphere, during space flights. Arterial blood is oxygenated by approximately 95-90% until the barometric pressure drops below 500-550 mm Hg, which corresponds to an altitude of 3-3.5 km above sea level. With a further drop in barometric pressure, the saturation of arterial blood with oxygen decreases rapidly, it reaches 50% of the oxygen capacity at a barometric pressure of 270-300 mm Hg (7.5-8 km altitude).

With increasing altitude above sea level, the barometric pressure and partial pressure of O2 decreases, but the saturation of the alveolar air with water vapor at body temperature does not change. At an altitude of 20,000 m, the O2 content in the inhaled air drops to zero. If the inhabitants of the plains climb the mountains, hypoxia increases their lung ventilation, stimulating arterial chemoreceptors. Changes in breathing during high-altitude hypoxia vary from person to person. The reactions of external respiration that occur in all cases are determined by a number of factors: 1) the rate at which hypoxia develops; 2) the degree of O2 consumption (rest or physical activity); 3) the duration of hypoxic exposure.

A significant majority of people do not experience serious disorders up to a height of 2.5-3 km above sea level. This, of course, does not mean that the body is in the same condition as below. Although at an altitude of 1.5-3 km, arterial blood is usually still saturated with oxygen at least 90% of its oxygen capacity, the oxygen tension in the blood has already been reduced and the reflex reactions described above begin to appear - increased and deepening of breathing, increased pulse rate, blood output from the depot, growth of erythropoiesis. All these changes in a healthy person just ensure the preservation of working capacity at this height.

The initial hypoxic stimulation of respiration, which occurs when climbing to a height, leads to the leaching of CO2 from the blood and the development of respiratory alkalosis. This in turn causes an increase in the pH of the extracellular fluid of the brain. Central chemoreceptors react to such a pH shift in the cerebrospinal fluid of the brain by sharply reducing their activity, which slows down the neurons of the respiratory center so much that it becomes insensitive to stimuli emanating from peripheral chemoreceptors. Rather quickly, hyperpnea is replaced by involuntary hypoventilation, despite the persisting hypoxemia. Such a decrease in the function of the respiratory center increases the degree of hypoxic state of the body, which is extremely dangerous, primarily for the neurons of the cerebral cortex.

From a height of 3-3.5 km, a person begins to show disorders of a number of functions, which depends mainly on changes in the normal activity of the higher centers. At this height, not only the oxygen tension in the blood drops, but also the amount of hemoglobin-bound oxygen. More or less severe symptoms of respiratory hypoxia usually begin when the saturation of arterial blood with oxygen falls below 85-80% oxygen blood capacity. If the saturation of the blood falls below 45% of the oxygen blood capacity, then death occurs.

When climbing to significant heights due to a disorder of regulation, fatigue, apathy, drowsiness, trembling fingers, headache, shortness of breath and palpitations, nausea are noted, i.e. altitude or mountain sickness develops. Depending on the individual characteristics and fitness of a person, the height at which severe disorders occur may be different, but they occur at all. The height of 8.5-9 km is the limit above which a person without a breathing apparatus cannot climb without risking his life.

During acclimatization to the conditions of the highlands, the adaptation of physiological mechanisms to hypoxia occurs. The main factors of long-term adaptation include: an increase in the CO2 content and a decrease in the O2 content in the blood against the background of a decrease in the sensitivity of peripheral chemoreceptors to hypoxia, as well as an increase in the concentration of hemoglobin.

Characteristics of breathing at elevated atmospheric pressure. While low atmospheric pressure leads to chemical shifts in the body caused by a lack of oxygen, the increased atmospheric pressure that a person encounters during diving works acts primarily as a physical factor.

Diving for every 10 m under the surface of the water means an increase in the pressure affecting the body by 1 atmosphere, so that at a depth of, say, 90 m, 10 atm already acts on a person. Although staying under such pressure, if it lasts no more than 2 hours, is not dangerous, but climbing from this depth if the necessary measures are not followed can lead to death.

The fact is that when a person is exposed to increased pressure, he can breathe only when air is supplied to him under the same pressure. The dissolution of gases in a liquid is directly proportional to their partial pressure above the liquid, and if 1 ml of blood when breathing at sea level dissolves 0.011 ml of nitrogen, but at a pressure of 5 atmospheres - 5 times more. Nitrogen also dissolves in all tissues, especially in fatty and fat-rich nervous tissue. With a rapid transition from a pressure of 5 atm. to normal pressure, body tissues can retain only 0.011 ml of gas per 1 ml of blood in a dissolved state. The rest of the nitrogen turns into a gaseous state and forms bubbles in the tissues and blood. Such a bubble can clog a coronary or cerebral artery, which causes instant death. Small nitrogen bubbles released in the nervous tissue, joints, muscles, etc., do not cause death, but cause severe pain.

To avoid these complications, it is necessary to lift divers only at such a speed that gases from the blood have time to be released by the lungs. If, for vital reasons, it was necessary to urgently lift a person from a great depth, then he should be placed in a special decompression chamber in which a large pressure can be restored, the bubbles can be re-dissolved and then again, under the supervision of a doctor, slowly "lift" him to the "surface".

Currently, when a diver dives to a great depth, he is given a gas mixture, where nitrogen is replaced by helium, which almost does not dissolve in the blood. Since oxygen is toxic under high pressure, it is added to helium in such a concentration that its partial pressure at depth is equal to the pressure that is available under normal conditions.

Breathing during muscular work. The intensity of breathing is closely related to the intensity of oxidative processes: the depth and frequency of respiratory movements decrease at rest and increase during work, moreover, the more intense the work. Muscular work is always accompanied by an increase in pulmonary ventilation, which is absolutely necessary to meet the oxygen demand that arises during work. With intensive work, pulmonary ventilation can reach 120 l/min instead of 5-8 l/min at rest.

Studies of physiologists have shown that increased respiration during muscle work depends, firstly, on an increase in the concentration of carbon dioxide and irritation of chemoreceptors, and secondly, on irritation of muscle proprioreceptors. Applying a tourniquet to a working leg causes an increase in ventilation in the same way as without a tourniquet. Simultaneously with increased breathing during work, there is an increase in the activity of the heart, leading to an increase in the minute volume of blood flow. Lung ventilation increase according to the amount of work performed. It is calculated that with an increase in oxygen demand during muscle work by 100 ml/min.
The increase in oxygen transport during heavy muscle work is also facilitated by the release of red blood cells from the depot and the depletion of blood with water due to sweating, which leads to some blood thickening and an increase in the concentration of Hb, and hence oxygen blood capacity. The oxygen utilization coefficient increases significantly with muscle work. 80 ml of each liter of blood is disposed of at rest, up to 120 ml of oxygen at work. The increased oxygen supply to the tissues during muscle work depends on the fact that a decrease in oxygen tension in the muscles, an increase in carbon dioxide tension and the concentration of hydrogen ions contributes to an increase in the dissociation of oxyhemoglobin.

One of the reasons for the increase in pulmonary ventilation during intensive muscle work is the accumulation of lactic acid in the tissues and its transfer into the blood. The content of lactic acid in the blood can reach 200 mg% against 5-22 ml at rest. Lactic acid displaces carbonic acid and its bonds with sodium and potassium ions, which leads to an increase in CO2 tension in the blood and arousal of the respiratory center. The accumulation of lactic acid during muscle work occurs because intensively working muscle fibers lack oxygen and part of the lactic acid cannot be oxidized to the final products. This condition is called oxygen debt. The oxidation of lactic acid formed during work is completed after the end of work - during the recovery period, during which intensive breathing will be maintained, sufficient for the excessive amount of lactic acid accumulated in the body to be eliminated.

Each person has individual indicators of external respiration. Normally, the respiratory rate varies from 16 to 25 per minute, and the respiratory volume is from 2.5 to 0.5 liters. With a muscle load of different power, pulmonary ventilation is usually proportional to the intensity of the work performed and the consumption of O2 by the body tissues. In an untrained person with maximum muscle work, the minute volume of breathing does not exceed 80 l * min-1, and in a trained person it can be 120-150 l * min-1 and higher. A short-term arbitrary increase in ventilation can be 150-200 l * min-1.

The level of ventilation in the first seconds of muscle activity is regulated by signals that come to the respiratory center from the hypothalamus, cerebellum, limbic system and motor cortex of the brain. At the same time, the activity of the neurons of the respiratory center is enhanced by irritation of the proprioceptors of the working muscles. Quite quickly, the initial sharp increase in lung ventilation is replaced by its smooth rise to a fairly stable state, or the so-called plateau. During the "plateau" period, or stabilization of lung ventilation, there is a decrease in Po2 and an increase in Pco2 in arterial blood, the transport of gases through the aerogematic barrier increases, peripheral and central chemoreceptors begin to be excited. During this period, humoral influences are added to the neurogenic stimuli of the respiratory center, causing an additional increase in ventilation during the work performed.

During heavy physical work, the level of ventilation will also be affected by an increase in body temperature, the concentration of catecholamines, arterial hypoxia and individually limiting factors of biomechanics of respiration.

The "plateau" state occurs on average 30 seconds after the start of work or a change in the intensity of the work already being performed. In accordance with the energy optimization of the respiratory cycle, increased ventilation during physical exertion occurs due to a different ratio of frequency and depth of breathing. With very high pulmonary ventilation, the absorption of O2 by the respiratory muscles increases greatly. This circumstance limits the ability to perform extreme physical activity. The end of work causes a rapid decrease in lung ventilation to a certain amount, after which there is a slow recovery of breathing to normal.

Breathing with pure oxygen. Hyperbaric oxygenation. In clinical practice, there is sometimes a need to increase PO2 in arterial blood. At the same time, an increase in the partial pressure of O2 in the inhaled air has a therapeutic effect. However, prolonged breathing of pure O2 can have a negative effect. Healthy subjects have pain behind the sternum, especially with deep breaths, and the vital capacity of the lungs decreases. Possible overexcitation of the central nervous system and the appearance of seizures. It is believed that oxygen poisoning is associated with the inactivation of certain enzymes, in particular dehydrogenases. In premature newborns, with prolonged exposure to excess O2, fibrous tissue forms behind the lens and blindness develops.
Dyspnea and pathological types of respiration. In some pathological conditions, a person has serious gas exchange disorders, which can manifest themselves acutely or develop covertly for many years with a gradual decrease in the functional reserves of respiration. In normal conditions, respiration and blood circulation are conjugately controlled by neurons of the respiratory and vasomotor centers of the medulla oblongata. In states of functional insufficiency, the excitability of the neurons of the respiratory center and their synaptic interaction with other parts of the central or peripheral nervous system may be inhibited. Anesthesia, hypoxia, pathological processes reduce the content of O2 and increase the level of CO2 in arterial blood. Often, a sharp decrease in O2 content and an increase in CO2 levels can cause asphyxia, as a result of a decrease in pulmonary ventilation. The state of asphyxia can occur with acute violations of the patency of the respiratory tract, with circulatory disorders (shock). Asphyxia should be understood as a sharp decrease in PO2 and a simultaneous increase in PCO2 in arterial blood, when respiratory movements become ineffective, and hypoxia and brain acidosis are the cause of death. The main cause of respiratory disorders are vascular disorders that occur during anesthesia, hypoxia and the direct effect of narcotic substances on the basal tone of blood vessels.

Apnea should be understood as temporary respiratory arrest. Such a condition can occur with a low level of stimulation by afferent influences of the neurons of the respiratory center, or as a result of active inhibition of the mechanism of generation of the respiratory rhythm, or with a decrease in the sensitivity of the neurons of the respiratory center to synaptic excitation, as well as with a combination of these factors.

The term "dyspnea" refers to difficult, painful breathing with an exaggerated subjective sense of the need for deep breathing. Normally, dyspnea occurs during heavy physical work and thus limits the maximum limits of this work. The main causes of dyspnea are the stimulating effect of reflexes on the respiratory center without the accompanying regulatory influences of central and peripheral chemoreceptors; stimulation of respiration with chemicals without connection to the regulation of chemoreceptors; fever.

Periodic respiration occurs in pathological conditions and manifests itself as a series of dyspnotic respiratory efforts interrupted by periods of lack of breathing. The types of periodic breathing known in the clinic are Cheyne-Stokes breathing (with a gradual increase and decrease in the amount of respiratory volume, followed by a pause of varying duration). The reason for such breathing is a violation of the function of the central nervous system as a result of asphyxia. Periodic Biot's breathing is characterized by suddenly appearing and also suddenly ceasing respiratory movements of constant amplitude. The so-called terminal types of breathing include gasping (separate deep breaths) and Kussmaul breathing (noisy rapid breathing without subjective feelings of suffocation).

In acute respiratory failure, respiration is restored by artificial ventilation of the lungs for oxygenation of arterial blood with simultaneous restoration or maintenance of cardiac activity.

Characteristics of the functional system that maintains the constancy of the blood gas composition and its scheme.     

To maintain a normal level of oxygen concentration in the blood, external respiration alone is not enough. The number of executive mechanisms of the functional oxygen supply system of the body (FOSS) also includes mechanisms that ensure the binding of oxygen, its transportation, the level of redox processes, as well as a series of behavioral manifestations aimed at preserving oxygen supply. Naturally, the system-forming factor in FOSS is the level of oxygen in the blood, which is controlled by chemoreceptors. The scheme of the FOSS is shown in the table.

It is clearly seen that the useful result of FOSS - the normal concentration of oxygen in tissues - is hierarchically the most important result of the homeostatic activity of the body, since the results of the activities of other homeostatic functional systems (FS maintenance of blood pressure, FS maintenance of blood composition, FS pH, etc.) are the sub-results of FOSS, since together they provide conditions for oxygen supply to the body. 

 
The set of executive mechanisms of the FOSS is determined by those executive mechanisms that are included in the above-mentioned functional systems of subordinate rank. There are five groups of them:

1) parameters of external respiration (depth and frequency of respiration, pulmonary volumes and capacities, efficiency of pulmonary ventilation);

2) parameters of hemodynamics and cardiac activity (heart rate and stroke volume of the heart, blood pressure and blood flow rate);

3) parameters of excretory function and mechanisms of maintaining pH, because acidity affects the hemoglobin dissociation curve (excretory function of the gastrointestinal tract and kidneys, sweating, buffering blood composition);

4) parameters of blood oxygen saturation (oxygen capacity of blood, number of Hb and erythrocytes, affinity of Hb to oxygen);

5) behavior (turns on if the specified internal actuators of the FOSS are not able to meet the need for oxygen) - for example, fanning or opening a window, emerging from the water, etc. - anything that can help avoid suffocation.

The involvement of various executive mechanisms of the FOSS in the implementation of a useful result - ensuring the normal oxygen content in the blood - is most clearly manifested under various extreme conditions, which primarily include conditions of low or elevated atmospheric pressure, the occurrence of various pulmonary and cardiovascular pathology.

   

Characteristics of respiration and oxygen supply to the body in extreme conditions.

Hypoxia and the effect of low atmospheric pressure on the body. There are four types of hypoxia.

1. With insufficient oxygen saturation of the blood, respiratory (hypoxemic) hypoxia occurs. This condition occurs in the following cases: with low partial pressure of oxygen in the air; with insufficient ventilation of the lungs (obstruction of the respiratory tract, weakness of the respiratory muscles, insufficiency of the respiratory center, pneumothorax). At the same time, hypercapnia, an increased concentration of CO2 is noted in the blood, with some types of heart disease (not overgrown botall duct, etc.).

2. Anemic hypoxia is caused by a decrease in the ability of the blood to bind oxygen, i.e. a decrease in the oxygen capacity of the blood. This occurs when blood is lost, Hb is bound by other substances (carbon monoxide, ferrocyanides, etc.).

3. In the case of slowing down the movement of blood in the capillaries with general circulatory insufficiency, due to insufficient blood flow to individual organs, stagnant hypoxia or circulatory occurs. Essentially, every death from cardiac arrest is a death from hypoxia.

4. When tissues cannot use oxygen due to inactivation of oxidative enzymes (for example, cyanides), histotoxic hypoxia occurs.

The higher parts of the central nervous system and the higher receptors (the retina of the eye) react the fastest and most sharply to the lack of oxygen. The kidneys, liver and heart muscle are less sensitive to hypoxia than the brain, but signs of a disorder of their functions occur quite quickly. Skeletal, and especially smooth muscles retain vital activity with a lack of oxygen for a relatively long time, for several hours (a tourniquet is applied for 2 hours, and after that the limb function is restored).

BREATHING REGULATION
1.''Tachypnea" is the respiratory rate of:

1) 12-19 per min

2) 8 -11 per min

3) 20-40 per min*

4) 2 -4 per min

5) 6-8 per min

2. "Bradypnea" is the respiratory rate of:

1) 12-19 per min

2) 8 -11 per min*

3) 20-40 per min

4) 16-20 per min

5) 40-60 per min

3.The main department of the central nervous system, which provides involuntary respiratory periodicity, is:

1) spinal cord

2) the medulla oblongata*

3) the intermediate brain

4) limbic system

5) the cerebral cortex
4.Hypercapnia in arterial blood:

1) does not change the excitability of the respiratory center

2) increases the excitability of the respiratory center *

3) reduces the excitability of the respiratory center

4) affects the respiratory center only through vascular chemoreceptors

5) acts weaker than the same degree of hypoxemia

6.The condition of a person with a decrease in the oxygen voltage in arterial blood below 80 mmHg is called:
1) hypoxemia*

2) hypocapnia

3) hyperoxia

4) hypercapnia

5) hypoxia
7.Excitability of the respiratory center in hypoxemia:

1) increases*

2) reduced

3) remains unchanged

4) changes more strongly than with the same degree of hypercapnia

8.With a decrease in blood pH, there is:

1) hypoventilation

2) hyperventilation*

3) ventilation does not change

4) dyspnea (shortness of breath)

5) eupnea (normal breathing)
9. Arterial chemoreceptors are most sensitive to changes of:

1) oxygen tension in arterial blood*

2) carbon dioxide stress in arterial blood

3) arterial blood pH

4) nitrogen stresses in arterial blood

5) oxyhemoglobin in arterial blood

10. Most sensitive to changes in carbon dioxide voltage are:

1) arterial chemoreceptors

2) central chemoreceptors*

3) tissue chemoreceptors

4) venous chemoreceptors

5) intracellular chemoreceptors
11. What do react on the rapid changes (increase and decrease) in lung volume:

1) juxtacapillary receptors

2) irritant and lung stretching receptors*

3) peripheral chemoreceptors

4) central chemoreceptors

5) thermoreceptors
12.The mechanoreceptors of the respiratory muscles regulate:

1) the strength of contractions depending on the amount of resistance to breathing*

2) the time of inhalation and exhalation

3) blood flow to the lungs

4) exchange of water in the lungs

5) metabolism in the lungs

13. The main department of the CNS, which provides arbitrary control of breathing and periodic activity of the respiratory center is:

1) the cerebral cortex*

2) limbic system

3) the midbrain

4) cerebellum

5) the medulla oblongata
14.The main department of the CNS, which provides a link between the processes of respiration, metabolism and thermoregulation, is:

1) the cerebral cortex

2) hypothalamus*

3) cerebellum

4) the medulla oblongata

5) spinal cord

15. Starting factors of stimulation of the respiratory center at the beginning of physical work are:

1) the effect of hypoxemia on arterial chemoreceptors

2) impulses from muscle proprioreceptors to the respiratory center and its conditional reflex activation*

3) the effect of hypercapnia on central chemoreceptors

4) accumulation of hydrogen ions in the blood

5) the effect of hypercapnia on arterial chemoreceptors
16. Central chemoreceptors involved in the regulation of respiration are localized:

1) in the spinal cord

2) in the cerebral cortex

3) in the medulla oblongata*

4) in the midbrain

5) in the limbic system
17. Gas homeostasis in high-altitude conditions is preserved for a long time:

1) decrease in blood oxygen capacity

2) reduction of heart rate

3) decrease in respiratory rate

4) an increase in the number of red blood cells*

5) reducing the number of red blood cells

18. What condition will be observed if the pneumotactic center is damaged:

1) apnea

2) eupnea (normal breathing)

3) tachypnea

4) bradypnea*

5) dyspnea

19.Which receptors are excited with an increase in the pressure of interstitial fluid in the lung tissue:

1) stretching

2) chemoreceptors

3) irritable

4) juxtaalveolar*

5) temperature
20. The respiratory cycle stops completely after cutting the spinal cord at the level of:

1) lower cervical segments

2) lower thoracic segments

3) upper cervical segments*

4) upper thoracic segments

5) upper lumbar segments

21. In which conditions does a decrease in lung ventilation occur:

1) hypercapnia

2) hypoxia

3) hypoxemia

4) hypocapnia*

5) there is no right answer

22. Increased activity of the respiratory center and increased lung venation causes:

1) hypocapnia

2) normocapnia

3) hyperoxemia

4) hypercapnia*

5) hyperoxia
23. The receptor apparatus of the carotid sinus controls the gas composition of:

1) cerebrospinal fluid

2) arterial blood flowing to all organs except the brain

3) arterial blood entering the brain*

4) venous blood of the large circulatory circle

5) venous blood of the small circulatory circle

24. Which receptors control gas composition of blood entering the brain:

1) carotid body*

2) aortic

3) irritable

4) the midbrain

5) spinal cord

25. Which receptors control gas composition of blood entering the systemic circulation:

1) bulbar

2) carotid sinuses

3) aortic*

4) atria

5) juxtaglomerular complex

26. Which receptors control gas composition of the cerebrospinal fluid:

1) carotid sinuses

2) aortic

3) bulbar*

4) atria

5) juxtaglomerular complex
1. HYPERPNEA IS:

1) increasing the depth of breathing;*

2) increased respiratory rate;

3) an increase in the amount of carbon dioxide in the blood;

4) cessation of breathing;

5) shortness of breath.

2. TACHYPNEA IS:

1) increased respiratory rate;*

2) an increase in the amount of carbon dioxide in the blood;

3) increasing the ventilation depth;

4) cessation of breathing;

5) shortness of breath.

3. BRADYPNEA IS:

1) increased respiratory rate;

2) reduction of respiratory rate;*

3) increasing the ventilation depth;

4) cessation of breathing;

5) shortness of breath.
4. EUPNEA IS:

1) increased respiratory rate;

2) reduction of respiratory rate;

3) normal breathing;*

4) cessation of breathing;

5) shortness of breath.

5. APNEA IS:

1) increased respiratory rate;

2) reduction of respiratory rate;

3) calm breathing;

4) cessation of breathing;*

5) shortness of breath.

6. INCREASED TENSION OF CARBON DIOXIDE IN THE BLOOD IS CALLED:

1) hypercapnia;*

2) hypocapnia;

3) hyperoxia;

4) hypoxemia;

5) hyperpnea.

7. INCREASED OXYGEN TENSION IN THE BLOOD IS CALLED:

1) hypercapnia;

2) hypocapnia;

3) hyperoxia;*

4) hypoxemia;

5) hyperpnea.
8. REDUCED OXYGEN TENSION IN THE BLOOD IS CALLED:

1) hypercapnia;

2) hypocapnia;

3) hypoxemia;*

4) hypoxia;

5) hyperpnea.
9. REDUCED OXYGEN TENSION IN THE TISSUES IS CALLED:

1) hypercapnia;

2) hypocapnia;

3) hypoxemia;

4) hypoxia;*

5) hyperpnea.

10. THE AVERAGE BREATHING RATE OF AN ADULT PER MINUTE IS:

1) 40-70;

2) 20-30;*

3) 14-18;

4) 8-12;

5) 6-10.

11. THE RATIO BETWEEN BR AND HEART RATE IN ADULTS AT REST IS:

1) 1:5;

2) 1:4;

3) 1:3;*

4) 1:2;

5) 1:1.
12. THE AVERAGE OXYGEN CONTENT IN THE INHALED AIR IS:

1) 10%;

2) 12%;*

3) 14 %;

4) 16 %;
13. THE AVERAGE CARBON DIOXIDE CONTENT IN THE ALVEOLAR AIR IS:

1) 0,03 %;

2) 0,3%

3) 3,0%

4) 4,1 %;

5) 5,5 %.*

14. THE AVERAGE OXYGEN CONTENT IN THE EXHALED AIR IS:

1) 10%;

2) 12%;

3) 14 %;

4) 16 %;*

5) 21 %.

15. THE AVERAGE OXYGEN CONTENT IN THE ALVEOLAR AIR IS:

1) 10%;

2) 12%;

3) 14 %;*

4) 16 %;

5) 21 %.
16. THE AVERAGE CARBON DIOXIDE CONTENT IN THE INHALED AIR IS:

1) 0.03 %;*

2) 0,3%

3) 3,0%

4) 4,1 %;

5) 5,5 %.

17. THE AVERAGE CARBON DIOXIDE CONTENT IN THE EXHALED AIR IS:

1) 0.03 %;

2) 0,3%

3) 3,0%

4) 4,1 %;*

5) 5,5 %.

18.HOW DOES HYPOXIA AFFECT THE CAROTID CHEMORECEPTORS:

1) depresses;

2) stimulates;*

3) has no effect;

4) stimulates on the inhale, depresses on the exhale;

5) stimulates on exhalation, depresses on inhalation.

19. HOW DOES HYPERCAPNIA AFFECT THE CAROTID CHEMORECEPTORS:

1) depresses;

2) stimulates;*

3) has no effect;

4) stimulates on the inhale, depresses on the exhale;

5) stimulates on exhalation, depresses on inhalation.

20. WITH A DECREASE IN THE OXYGEN CONTENT IN ARTERIAL BLOOD, RESPIRATION:

1) deepens;

2) is becoming more frequent;*

3) slows down;

4) terminated;

5) does not change.

21. WHEN CARBON DIOXIDE ACCUMULATES IN THE BLOOD, RESPIRATION:

1) deepens;

2) is becoming more frequent;*

3) slows down;

4) terminated;

5) does not change.

22. HOW DOES THE OXYGEN AFFECT THE BREATHING CENTER:

1) stimulates;*

2) depresses;

3) does not affect;

4) excites the inspiratory and depresses the expiratory department

5) excites the expiratory and depresses the inspiratory department.
23. HOW DOES THE CARBON DIOXIDE AFFECT THE BREATHING CENTER:

1) stimulates;*

2) depresses;

3) does not affect;

4) excites the inspiratory and depresses the expiratory department

5) excites the expiratory and depresses the inspiratory department.
24. WHEN THE VAGUS NERVE IS IRRITATED, BREATHING:

1) becomes superficial;

2) becomes rare and deep;*

3) becomes frequent and deep;

4) slows down;

5) does not change.

25. WHEN THE VAGUS NERVE IS CUT, BREATHING:

1) becomes superficial;

2) becomes rare and deep;*

3) becomes frequent and deep;

4) slows down;

5) does not change.

26. PURE OXYGEN CANNOT BE BREATHED FOR A LONG TIME BECAUSE:

1) there is a depression of the respiratory center;*

2) there is an overexcitation of the respiratory center;

3) there is a blockage of blood vessels by oxygen bubbles;

4) oxygen poisoning occurs;

5) there is hypoxia of the brain.

27. IRRITATION OF THE SYMPATHETIC NERVE ON THE BRONCHI:

1) narrows the lumen of the bronchi;*

2) does not affect;

3) expands the lumen of the bronchi;

4) causes bronchial spasm.

28. IRRITATION OF THE VAGUS NERVE ON THE BRONCHI:

1) narrows the lumen of the bronchi;

2) does not affect;

3) expands the lumen of the bronchi;*

4) causes bronchial spasm.

29. HERING-BREUER REFLEXES ARE STIMULATED BY:

1) mechanoreceptors of the lungs;*

2) diaphragm mechanoreceptors;

3) aortic chemoreceptors;

4) carotid chemoreceptors;

5) central chemoreceptors.

30. IRRITANT RECEPTORS ARE LOCATED IN:

1) pleura;

2) alveoli;*

3) epithelium of the airways;

4) lung tissue;

5) the medulla oblongata.

31. IRRITANT RECEPTORS:

1) perceive mechanical irritations;

2) perceive chemical irritations;

3) perceive mechanical and chemical irritations;*

4) are excited by the accumulation of fluid in the alveoli;

5) are excited by stretching the lungs.

32. J-RECEPTORS ARE LOCATED IN:

1) pleura;

2) alveoli;*

3) epithelium of the airways;

4) lung tissue;

5) the medulla oblongata.

33. THE MAIN IRRITANT OF J-RECEPTORS IS:

1) mechanical impact;*

2) accumulation of fluid in the lung tissue;

3) chemical irritation;

4) hypercapnia;

5) hypocapnia.

34. WITH AN INCREASE IN BODY TEMPERATURE, BREATHING:

1) does not change;

2) it becomes more frequent and deepens;

3) apnea occurs;

4) becomes rare and deep;

5) becomes superficial.*

35. DURING PHYSICAL WORK BREATHING:

1) does not change;

2) it becomes more frequent and deepens;*

3) apnea occurs;

4) becomes rare and deep;

5) becomes superficial.

36. AT LOW ATMOSPHERIC PRESSURE, BREATHING:

1) becomes superficial;*

2) when climbing to a height of 4-5 km, it becomes frequent and deep, then the depth of breathing decreases;

3) when climbing to a height of 4-5 km does not change, then deepens;

4) when climbing to a height of 4-5 km, it does not change, then it becomes more frequent;

5) it is reduced and deepened.

37. ALTITUDE SICKNESS OCCURS WHEN:

1) climbing to a height of at least 1 km;

2) climbing to a height of 4-5 km;*

3) climbing to a height of at least 10 km;

4) diving to a depth of more than 4-5 m;

5) moving from the area of increased to the area of reduced atmospheric pressure.

38. CAISSON'S DISEASE OCCURS WHEN:

1) diving under water for more than 1 km;

2) rapid immersion under water for more than 1 m;.
3) rapid return from the area of elevated to the area of normal atmospheric pressure;*

4) breathing a gas mixture containing a lot of nitrogen;

5) breathing a gas mixture containing a lot of helium.
39. THE CAUSE OF CAISSON'S DISEASE IS:

1) severe hypoxia;

2) blockage of capillaries by nitrogen bubbles;*

3) blockage of capillaries by air bubbles;

4) accumulation of acidic foods in the blood;

5) increased nitrogen content in the blood.
40. THE MAIN MECHANISM OF THE FIRST INHALATION OF A NEWBORN IS:

1) the excitation of the respiratory center as a result of the accumulation of carbon dioxide in the blood;*

2) arousal of the respiratory center in response to pain;

3) excitation of the respiratory center as a result of inhalation of oxygen in the air;

4) atmospheric air pressure on the airways;

5) inflating of the lungs as a result of screaming.

41. THE LUNGS PARTICIPATE IN WATER METABOLISM BECAUSE THEY:

1) absorb water from the air;

2) emit water vapor;*

3) deposit water;

4) are capable of forming water from oxygen in the air and hydrogen.

42. THE PNEUMOTACTIC CENTER PROVIDES REGULATION OF:

1) inhalation and exhalation shifts;*

2) respiratory rate;

3) tone of the respiratory muscles;

4) the tone of the diaphragm.

43. THE LUNGS PARTICIPATE IN BLOOD CLOTTING BECAUSE:

1) blood that has passed through the lungs coagulates faster;

2) blood that has passed through the lungs coagulates more slowly;

3) heparin is synthesized in the lungs;*

4) antihemophilic globulins are synthesized in the lungs;

5) do not participate in this process.
44. THE ACTIVITY OF THE RESPIRATORY CENTER IS:

1) determining the volume of ventilation;

2) choosing the most economical frequency, depth and form of respiratory movements;*

3) recognition of the state of extensibility of the lungs and walls of the chest cavity;

4) recognition of the value of airway resistance.

45. THE RESPIRATORY ACTIVITY OF THE DIAPHRAGM IS MORE DETERMINED BY:

1) own afferent impulses;*

2) lung volume;

3) the strength of the intercostal muscles;

4) the degree of stretching of the lung tissue;

5) impulses from the chemoreceptors of the respiratory system.

46. THE CENTRAL CHEMORECEPTORS OF THE RESPIRATORY CENTER ARE RESPONSIBLE FOR MONITORING:

1) blood gas composition;

2) the chemical composition of blood;

3) acid-base state of the body;

4) gas composition and acid-base state of the body;*

5) the proper level of red blood cells, gas composition and acid-base state of the body.

47. AFFERENT IMPULSES FROM CHEMORECEPTORS OF THE VASCULAR SYSTEM CONTAIN INFORMATION ABOUT:

1) partial pressure of gases in the inhaled air;

2) the magnitude of the voltage of O2 and CO2 in the blood;*

3) the chemical composition of blood;

4) the chemical composition of the exhaled air;

5) the chemical composition of venous blood.
48. IN ADDITION TO CHEMORECEPTORS, WHICH RECEPTORS TAKE PART IN THE REGULATION OF RESPIRATION:

1) J-receptors; proprioceptors of the diaphragm,

2) mechanoreceptors of the lungs; proprioreceptors of the diaphragm, intercostal and intercostal muscles

3) J-receptors; proprioreceptors of the diaphragm, intercostal and intercostal muscles;*

4) lung mechanoreceptors and diaphragm proprioreceptors;

5) J-receptors; proprioreceptors of the diaphragm, mechanoreceptors of the lungs.

49. RESPIRATORY MECHANORECEPTORS ARE LOCATED IN:

1) lung tissue, pleura, medulla oblongata;

2) spinal cord and medulla oblongata;

3) the diaphragm;

4) epithelium and smooth muscles of the bronchi and lung tissue;*

5) diaphragm and muscles of the anterior abdominal wall.

50. HERING–BREUER REFLEXES ARE CAUSED BY STIMULATION OF:

1) mechanoreceptors of the lungs;*

2) J-receptors;

3) diaphragm proprioceptors;

4) central chemoreceptors;

5) peripheral chemoreceptors.

51. PERCEIVING AFFERENT INFORMATION, THE RESPIRATORY CENTER PROVIDES:

1) analysis of blood gas composition;

2) friendly reaction of the respiratory and cardiovascular system;

3) rhythmic activity of the respiratory muscles and adaptation of breathing to the conditions of the external and internal environment;*

4) redistribution of blood flow and energy supply in favor of respiratory muscles.
52. THE DEPARTMENTS OF THE BULBAR PART OF THE RESPIRATORY CENTER ARE CALLED:

1) inspiratory and expiratory;*

2) pneumotactic,

3) pneumotactic, inspiratory and expiratory;

4) pneumotactic, reciprocal;

5) pneumotactic, reciprocal, inspiratory and expiratory.

53. THE CORTICAL REPRESENTATION OF THE RESPIRATORY CENTER ALLOWS TO ADAPT EXTERNAL BREATHING DURING:.

1) changes in atmospheric pressure;

2) mental activity;

3) physical work;

4) sleep;

5) talking, singing.*

54. A USEFUL RESULT FOR THE FUNCTIONAL OXYGEN SUPPLY SYSTEM OF THE BODY IS:

1) the level of oxygen in the blood and tissues;*

2) proper ventilation volume;

3) the amount of oxygen brought to the tissues;

4) the level of oxygen utilization coefficient by tissues;

5) readiness to increase the volume of oxygen supply to tissues.

55. LACK OF OXYGEN IN THE BODY OR A SEPARATE TISSUE (ORGAN) IS:

1) hypoxia;*

2) hypoxemia;

3) hyperoxia;

4) hypercapnia;

5) hypothermia.

56. HYPOXIA ASSOCIATED WITH A LACK OF OXYGEN SATURATION OF THE BLOOD IS CALLED ______ HYPOXIA:

1) respiratory;*

2) hemic;

3) circulatory;

4) histotoxic.

57. BLOOD LOSS, LOW HEMOGLOBIN LEVELS LEAD TO THE DEVELOPMENT OF ______ HYPOXIA:

1) respiratory;

2) hemic;*

3) circulatory;

4) histotoxic.

58. SLOWING DOWN OR STOPPING THE MOVEMENT OF BLOOD THROUGH THE VESSELS LEADS TO THE DEVELOPMENT OF _________ HYPOXIA:

1) respiratory;

2) hemic;

3) circulatory;*

4) histotoxic.

59. CHEMICAL INACTIVATION OF TISSUE OXIDATIVE ENZYMES WHEN CYANIDES ENTER THE BLOODSTREAM IS AN EXAMPLE OF _______ HYPOXIA:

1) respiratory;

2) hemic;

3) circulatory;

4) histotoxic.*

60. THE GREATEST SENSITIVITY TO OXYGEN DEFICIENCY HAS:

1) CNS;*

2) heart muscle;

3) striated musculature;

4) endocrine glands.

61. WHAT IS ENOUGH TO COMPENSATE FOR SHORT-TERM HYPOXIA:

1) increasing pulmonary ventilation;

2) increasing only the depth of breathing;

3) increasing only the frequency of respiratory movements;*

4) stop moving;

5) reduction of tissue oxygen consumption.

62. IT IS IMPOSSIBLE TO BREATHE PURE OXYGEN FOR A LONG TIME BECAUSE:

1) the respiratory center is depressed and the surfactant of the pulmonary alveoli is oxidized;*

2) there is a blockage of blood vessels by oxygen bubbles;

3) there is an increase in breathing;

4) there is a decrease in breathing.

63. WHAT TYPE OF HYPOXIA DEVELOPS WHEN CLIMBING TO A HEIGHT:

1) respiratory;*

2) circulatory;

3) stagnant;

4) hemic;

5) histotoxic.

64. THE LIMIT ABOVE WHICH A PERSON WITHOUT ADDITIONAL MEANS OF PROTECTION CANNOT CLIMB WITHOUT RISKING HIS OWN LIFE IS THE HEIGHT:

1) 2.5 km;

2) 3-4 km;

3) 5-7 km;

4) 8-10 km;*

5) 13-15 km.

65. PROLONGED STAY AT GREAT DEPTHS WHEN BREATHING AIR IS DANGEROUS BECAUSE OF:

1) physical exhaustion of the body;

2) the appearance of nitrogenous intoxication;*

3) the appearance of pain behind the sternum;

4) the appearance of heaviness in the shoulder girdle;

5) the development of caisson disease.

66. THE PHYSIOLOGICAL MEANING OF PLACING A DIVER IN A DECOMPRESSION CHAMBER IS:

1) creating an environment with a specific gas composition;

2) restoring high pressure to re-“dissolve” air bubbles in the lungs;

3) restoring high pressure to re-“dissolve” air bubbles in the blood;

4) restoring high pressure to re-“dissolve” carbon dioxide bubbles in the blood;

5) restoring high pressure to re-“dissolve” nitrogen bubbles in the blood.*

67. THE USE OF A MIXTURE OF THE FOLLOWING GASES IS MOST JUSTIFIED FOR CREATING AIR BREATHING MIXTURES WHEN SUBMERGED UNDER WATER:

1) nitrogen + helium;

2) nitrogen + oxygen;

3) nitrogen + carbon dioxide;

4) helium + oxygen;*

5) helium + carbon dioxide.

Case problem 1. At rest in humans, the respiratory rate (RR) was equal to 20 per minute, respiratory volume to 600 ml. When performing physical work, RR doubled, RV increased to 300 ml.
Questions.

1. Calculate the minute ventilation at rest and under load.

2. How many percent has the minute ventilation value changed?

3. What caused these changes?

4. How long will they last in a healthy body?

5. Can you guess what the patient's age is?
Case problem 2. A man, 30 y.o., his respiratory rate (RR) is 20 per minute, respiratory volume - 600 ml. When performing physical work, RR doubled, RV increased to 300 ml.
Questions.

1. Calculate the minute ventilation in both states.

2. Do the ventilation indicators meet the standards?

3. Does the patient's heart work economically?

4. Does he regularly exercise? Give an explanation. 
Case problem 3. Three people of the same age and physique participate in the 1000 m run. At the end of the distance, the minute ventilation for the first was 120,000 ml, for the second 120,000 ml, for the third 60,000 ml. The respiratory rate is 40, 80 and 40 per minute, respectively.
Questions:

1. Define the respiratory volume. Specify the standards.

2. Calculate RV to for each runner.

3. Calculate the minute ventilation of the runners.

4. Which runner is the most trained? Why?

Case problem 4. A man, 30 y.o., his respiratory rate (RR) is 20 per minute, respiratory volume - 600 ml. When performing physical work, RR doubled, RV increased to 300 ml.
Questions.

a. Calculate the minute ventilation in both states.

b. Do the ventilation parameters meet the standards?

c. Does the patient's heart work economically? Is he systematically engaged in physical activity?

d. Give an explanation of the mechanisms of adaptation to physical activity.
Case problem 5.  The patient was admitted to the toxicology department after poisoning with barbiturates (poisons that block neurons, including the respiratory center).
Questions:

1. Will the sensitivity of the neurons of the respiratory center to carbon dioxide change? How?

2. What will happen to breathing? Describe the breathing process.

3. Will the oxygen utilization coefficient change?

4. Should he be prescribed pure oxygen breathing?

5. What is the objective of the therapy?
Case problem 6. With hardware artificial respiration with oxygen, for example, in flights at high altitudes, 5% CO2 is added to the oxygen cylinder.
Questions:

1)What is this mixture called ?

2) For what purpose is this done?

3) What is the classical experience underlying this phenomenon?

4) What happens if this is not done?

5)How can this problem be solved with surgical interventions?

Case problem 7. In a healthy adult at rest and 10 minutes after the start of physical exercise, the following indicators were recorded (see Table):

	Indicator
	Rest 
	During exercise 

	HR
	70 beats/min 
	150 beats/min 

	RR 
	14 per min 
	40 per min

	Respiratory volume 
	550 ml
	1500 ml

	Partial pressure of carbon dioxide in alveolar air
	40  mmHg
	40  mmHg

	Anatomical dead space
	150 ml
	150 ml

	Minute blood volume
	5,6  L/min
	15 L/min 

	Blood pressure 
	120/80  mmHg
	150/75  mmHg


Questions:
1) Calculate the minute ventilation and alveolar ventilation.

2) Make a conclusion about the state of external respiration.

3) Describe the mechanism of maintaining the partial pressure of CO2 in the alveolar air at rest and during exercise?

4) List the mechanisms responsible for increasing ventilation during exercise, the role of peripheral and central chemoreceptors, the role of proprioreceptors of skeletal muscles, the role of conditioned reflex regulation.

5) How does blood pressure, minute blood volume, systolic volume and heart rate change during physical work, what is the mechanism of these changes?
Case problem 8. Сравните результаты обследования пациента. Дайте заключение о динамике. 

	Indicator 
	1st day 
	5th day 

	RR 
	20 per min 
	140 per min

	BR 
	90 per min
	120 per min

	Respiratory volume 
	250 ml
	125 ml

	Anatomical dead space
	60 ml
	60 ml

	Oxygen tension in arterial blood
	100 mmHg
	55 mmHg

	Carbon dioxide tension in arterial blood
	40 mmHg
	47 mmHg


Questions:
1) Calculate the minute ventilation in the 1st and 5th days and minute alveolar ventilation. Make a conclusion about the state of external respiration in the 1st and 5th day

2) How does an increase in pCO2 and a decrease in blood pO2 affect the dissociation of oxyhemoglobin?

3) What are the physiological mechanisms of changes in the frequency and depth of respiration with changes in pO2 and pCO2 in the blood?

4) State the modern idea of the breathing center.

5) Will the activity of the central nervous system change in this patient?

6) What are the mechanisms of increasing heart rate?

Keys. 
Case problem 1.  
1. Minute ventilation at rest=RV*RR= 12000 ml; Minute ventilation under load=40*900= 36000 ml

2. 36 l / 12 l = 3; in 3 times.

3. When performing physical activity, the intensity of metabolic processes and the need of tissues for oxygen increases. With the activation of metabolism in the blood, the content of carbon dioxide increases and the oxygen content decreases, which is the reason for the reflex excitation of the respiratory center from the central and peripheral chemoreceptors.

4. Usually, the process of restoring respiration in a healthy body takes 5 minutes or more, depending on the oxygen debt that has arisen, because the intensity and duration of physical activity.

5. Young age.
Case problem 2. 

1. Minute ventilation at rest = RV*RR = 600 ml *20 = 12000 ml. 
2. Minute ventilation under load = (600+300)* (20*2)= 35000 ml

3. Indicators at rest correspond to the standards of a healthy adult male.

4. This is an athlete, because when performing physical work, both  RV and RR increased.

5. If it was a person who was not systematically engaged in physical activity, after training there was an increase in minute ventilation only due to RR.
Case problem 3. 
1. RV is the volume of air that a person inhales or exhales with calm breathing. Normally, in a healthy person, it is 400-500 ml.

2. RV1= (120 000/60)/40= 500ml; RV2=(120 000/60)/80= 250 ml; RV3=(60000/60)/40= 250 ml.

3. MV1=(RV-DAS)*RR= (500-150)*40= 14000 ml; MV2=8000 ml; MV3=4000ml.

4. In a trained person, the largest minute ventilation is achieved at the lowest frequency due to the deepening of breathing. The first person is better trained, the third is the worst. In the first runner, the external respiration system works most effectively: with a relatively low RR, the greatest RV to and the maximum of all minute ventilation of the lungs.
Case problem 4. 
1. Minute ventilation at rest = RV*RR = 600 ml *20 = 12000 ml. Minute ventilation under load = (600+300)* (20*2)= 35000 ml

2. Indicators at rest correspond to the standards of a healthy adult male.

3. This is an athlete, because when performing physical work, both  RV and RR increased. If it was a person who was not systematically engaged in physical activity, after training there was an increase in minute ventilation only due to RR.
4. With the activation of metabolism in the blood, the content of carbon dioxide increases and the oxygen content decreases, which is the cause of reflex excitation of the respiratory center through vascular chemoreceptors or chemosensitive areas of the brain.

Case problem 5. 
1. In case of barbiturate poisoning, the sensitivity of the neurons of the respiratory center to any chemical compounds, including CO2, will decrease.

2. At the usual concentration of CO2 in the blood, RC will not be excited, only with the accumulation of carbon dioxide, inhalation will be stimulated. Therefore, breathing will be rare and deep.

3. (O2a - O2v) / O2a , %. Since the saturation of arterial blood practically does not change, but the degree of saturation of venous blood decreases, the CU of oxygen by tissues will increase.

4. Breathing with pure oxygen depresses the respiratory center, so it will have the opposite effect. It's life-threatening.

5. It is necessary to carry out detoxification therapy.
Case problem 6. 
1. Carbogen.

2. The specific irritant for the respiratory center is carbon dioxide.

3. This was demonstrated in Frederick's experiment with the cross-circulation of two dogs, one of the dogs had its trachea compressed.
4. If there is no CO2 in the respiratory mixture, then breathing may become ineffective, while the BPD and the depth of inspiration may decrease. As a result, hypoxia.

5. Use dissolved CO2 in perfused solutions.
Case problem 7. 
	1. 
	Minute ventilation
	Ventilation

	At rest 
	7.700 ml/min
	7,7-2,1= 5,6 l/min

	Load 
	600 l/min
	60-4=54  l/min


2. Ventilation has increased 9.8 times.

3. The functions of external respiration are normal.

4. During physical exertion, the accumulation of excess CO2 is eliminated from the body and its partial pressure in the alveolar air tends to return to normal (40 mm Hg).

5. During physical work, the tone of the sympathetic part of the central nervous system increases conditionally- and unconditionally-reflexively. The cerebral layer of the adrenal glands releases a large amount of adrenaline into the blood. As a result, systolic volume, heart rate and IOC increase in proportion to the load. Vasoconstriction mainly of the abdominal cavity and other areas not involved in the work leads to an increase in blood pressure.
Case problem 8. 
1. Minute ventilation on the 2nd day = 5 liters / min, ventilation is

V = 5 liters/min-0.06•20=3.8 liters/min

Minute ventilation on the 5th day = 5L/min, ventilation is
V = 5 liters/min-0.06•40=2.6 liters/min

On 5th day, the degree of renewal of the alveolar air decreased significantly.

2. An increase in pCO2 and a decrease in pO2 contributes to a large decay of HbO2 and the return of oxygen to tissues.

3. Hypo.... Both hypercapnia reflexively and humorally affecting the chemoreceptors of the respiratory center and reflexogenic zones (for example, aortic, sinocarotid, etc.) cause deepening and increased breathing.

4. The respiratory center is a collection of neutrons located at different levels of the central nervous system related to the regulation of respiration. The base center is the medulla oblongata and the pneumotoxic area of the bridge. Equally important are the hypothalamus, the limbic system and the cerebral cortex. (the arbitrariness of the act of breathing).

5. The activity of CNS will change due to increasing hypoxia and hypercapnia in the body.

6. The mechanism of heart rate increase is reflex and humoral (central and peripheral) in response to hypoxia and hypercapnia in the body.

CONCLUSION: the functional state of the external respiratory system has deteriorated: the efficiency of breathing and the ventilation capacity of the lungs decreased, which led to a decrease in the oxygen tension in the arterial blood, and, consequently, the provision of O2 tissues and the development of hypoxia
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