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TOPIC:
 "Neurohumoral mechanisms of regulation of cardiac activity"
Questions for discussion in class on the topic:
Structural organization of the regulation of heart activity.

Myogenic mechanisms of regulation of heart activity (Frank-Starling law, Anrep effect).

Intracardial neural regulation of heart activity.

Extracardial neural regulation of the heart: innervation of the heart, characterization of the influence of parasympathetic and sympathetic nerve fibers on the activity of the heart.

Reflex effects on cardiac activity (Aschner–Dagnini reflex, Vagovagal reflex). The role of the cerebral cortex and hypothalamus in the regulation of cardiac activity.

Humoral effects on cardiac activity.

Summary:
The practical significance of the circulatory system is crucial. In Russia alone, about a million people die from these disorders every year, even at a young age.

The heart, when contracting, obeys two laws: 1) the principle “All or nothing”, 2) the law of the heart, discovered by scientists Frank and Starling. The principle of "All or nothing" says the following: the subthreshold force and frequency of the stimulus does not cause a contraction, and the threshold-is accompanied by a maximum contraction. A further increase in the strength and frequency of the stimulus does not change the strength of the contraction. The fact is that in the heart muscle, all the muscle fibers are connected to each other by nexuses. Therefore, arousal from a single muscle fiber easily spreads to almost all muscle fibers (i.e., the heart functions as a single muscle fiber).

However, everyone knows that in different conditions of the body, the strength of heart contractions can change. For example, if a person is sitting, then his heart actually contracts with the same intensity. But as soon as he gets up from his seat and starts moving, the stroke volume immediately increases. Moreover, the scientist Bowditch, cutting a strip from the heart muscle, revealed the law of graduality. Changing the frequency of the stimulus at the same strength changed the magnitude of the contractile effect.
The second law the heart obeys during contraction is called the "Heart law" or the Frank - Starling law. ''The strength of the contraction depends on the initial length of the muscle fibers: the longer the length of the muscle fibers during diastole, the stronger the heart contracts in the systole. However, the stretching of the muscle fibers should not exceed 30% of the initial length.. There are two types of regulation of the force of heart contraction at the cellular level: heterometric and homeometric.

The heterometric type involves a change in the force of the heart contraction associated with a change in the initial length of the muscle fibers. It is manifested by the ''Heart law'' (or the Frank-Starling law). The explanation of this type of regulation has been outlined above. In addition to heteromeric regulation, there is also homeometric regulation, which is not associated with a change in the initial length of muscle fibers. It occurs when the pressure in the vascular system increases. In this case, a large amount of calcium is released per unit of time and the coupling also increases. So, if the duration of ventricular systole is usually 0.3 seconds, then with an increase in resistance in the vascular system, accompanied by an increase in blood pressure, it will increase to 0.34 seconds. Naturally, in this case, a large amount of blood will be released into the vessels (Anrep effect).
Cardiac activity should be regulated due to the changes of the internal environment of the body and the macro environment.

The body must constantly adapt to constantly changing conditions. The cardiovascular system must also adapt. Otherwise, the body may die. The regulation of cardiac activity is carried out by nervous and humoral mechanisms at 3 levels: cellular, organ and system, thereby creating a certain system of reliability.

Let's focus on the systemic regulation of cardiac activity, which is associated with the autonomic nervous system and with the corresponding para-and sympathetic nerve centers located in various parts of the central nervous system. How is the heart center organized?
Parasympathetic heart centers are located in the medulla oblongata and are represented by the nuclei of the vagus nerve. Long preganglionic fibers extend from the nerve cells of this center, ending at the nerve cells of the heart. Moreover, the right vagus nerve ends in the area of the sinoatrial node, while the left - in the area of the atrioventricular node. Sympathetic heart centers are located in the lateral horns of the upper five thoracic segments of the spinal cord. The heart centers are also located in the hypothalamus, with sympathetic cells predominating in the posterior hypothalamus and parasympathetic cells in the anterior hypothalamus. There are also cortical heart centers. Their presence is evidenced by numerous facts. For instance, cardiac conditional reflexes that change its activity may be developed.
It turned out that when the vagus nerve is stimulated, the heart rate decreases, which is called the negative chronotropic effect.

Irritation of the vagus nerve also leads to a decrease in the strength of heart contractions, which is called a negative inotropic effect.

The nature of this influence on the heart is mediatory. Acetylcholine through cellular regulatory systems (mainly calcium) reduces the release of calcium into the myofibrillar space, which weakens the coupling. The electrical effect on the vagus nerve is accompanied by a decrease in the excitability of the heart muscle, which is called the negative bathmotropic effect, which is also due to the release of acetylcholine, since acetylcholine causes hyperpolarization of the contractile elements. It is also proved that the stimulation of the parasympathetic center leads to a decrease in the rate of excitation in the heart, which is called the negative dromotropic effect.

The influence of sympathetic heart centers on the heart activity, in comparison with parasympathetic, has the opposite character. Thus, when the sympathetic fibers are stimulated, a positive chronotropic effect is observed. When the sympathetic nerves are irritated, there is an increase in the strength of heart contractions (a positive inotropic effect) due to the effect of norepinephrine on the contractile elements of the heart. Stimulation of the sympathetic cardiac nerves leads to an increase in the excitability of the contractile elements (a positive bathmotropic effect), which is due to the release of norepinephrine.

Besides, irritation of the sympathetic fibers leads to an increase in conductivity (a positive dromotropic effect), which is difficult to explain, although it also has a mediator nature.

Pavlov I. P., studying the regulation of cardiac activity, discovered an amplifying nerve that increased stroke volume (amplifying Pavlov's nerve). Due to the fact that the parasympathetic and sympathetic centers have the opposite effect on the heart activity, the concept of antagonistic relations that take place between the heart centers was introduced into physiology. In fact, there are no antagonistic connections between the sympathetic and parasympathetic heart centers. There are effects of the opposite influence on the heart, forming a regulation, without which it is impossible to imagine a complex regulation of cardiac activity. Moreover, numerous studies have shown the synergy between these centers.
It is known that the cardiac sympathetic or parasympathetic centers are in a state of constant excitement or tone. Studies have shown that after cutting the parasympathetic nerves, the heart rate increases to 150-180 beats per minute.

After sympathetic denervation, the heart rate decreases by 8-10 beats per minute.

The question arises, what factors cause the constant excitation of the nervous heart centers? They are divided into nerve and humoral.

Nerve mechanisms are of great importance in the formation of the tone of the heart centers. They are associated with the presence of reflexogenic zones in the body, represented by numerous receptors-nerve endings. For parasympathetic heart centers, these zones are located in the area of the aortic arch and carotid bodies.
These reflexes are called mechanocardial reflexes. However, under the influence of impulses coming from the reflexogenic zones, not only the tone of the parasympathetic heart center is formed, but the degree of this excitation can also change.

It turned out that these zones are universal. They also respond to a decrease in blood pressure. In this case, the information from the mechanoreceptors weakens, as a result of which the tone of the parasympathetic heart center decreases, the heart activity is activated, blood pressure rises and returns to normal.

An example of such reflex effects on the heart is the classical vagal reflexes of Aschner–Dagnini an Goltz reflexes. Aschner–Dagnini heart reflex consists in the fact that light pressure on the eyeballs leads to a decrease in the heart rate: in a normotonic - by 8-10 contractions, in a vagotonic - by a greater number (14-16), in a sympathetic heart rate may not change or even increase.

We will focus on the second - organ level - regulation of cardiac activity, which is carried out by the heart's own nervous system, represented by ganglion cells (Dogiel cells type I-III). It is known that within these cells, a reflex arc is closed, which provides a change in the frequency and strength of heart contractions, which is considered as intracardial regulation. Regulation of cardiac activity at this level, as well as at the system level, is reduced to two main tasks: 1) Coordinate the frequency and strength of heart contractions; 2) Coordinate the state of the heart muscle and vascular system. Dogiel cells form both choline and adrenergic systems in the heart, which secrete the mediator acetylcholine and norepinephrine, respectively.

In addition to the nervous regulation of cardiac activity, there is also humoral regulation, which is assigned a certain value. There are numerous humoral blood factors that can change both the strength and the heart rate. All these substances are divided into two groups - stimulating and depressing cardiac activity. The first include, for example, catecholamines (epinephrine, etc.). 
Substances that enhance the cardiac activity also include thyroid hormones: thyroxine and triiodothyronine. These hormones increase the heart rate. Clinicians know that hyperthyroidism leads in all cases to tachycardia; the mechanism of action of these peptide hormones is mediated by cellular regulatory systems and their influence mainly on the cells of the host node.

Glucocorticoids are the hormones of the cortical layer of the adrenal glands (hydrocorticosone, corticosterone) are also stimulants of cardiac activity. It is known that an increase in the concentration of calcium ions in the heart muscle leads to an increase in the force of contraction of the heart, since the amount of conjugation depends on its amount. With a high concentration of calcium, the heart can stop in its systole.

The substances that inhibit cardiac activity include the mediator acetylcholine, the mechanism of action of which is associated, as mentioned earlier, mainly with the calcium cellular system of regulation. Finally, potassium ions inhibit cardiac activity at a significant concentration. The mechanism of action of potassium ions, in all probability, is due to hyperpolarization, which reduces the excitability of myocardiocytes. In their highly concentrated environment, the heart may stop, but in the relaxation phase.

What about the cortical regulation of cardiac activity? Cortical influences on the heart are random and follow the type of adaptive processes. The cortical effect on cardiac activity is evidenced by experiments with the development of conditioned reflexes. The experiments of Smirnov, which consist in the fact that animals are injected with large doses of morphine, accompanied by a change in the ECG, deserve attention. Moreover, the introduction of this drug is accompanied by a conditional signal. After 20-30 combinations of a conditioned stimulus with the introduction of morphine, a conditional reflex is developed. Now it is enough to apply a conditional stimulus and enter water and the changes on the ECG will be the same as after the introduction of morphine. Cortical changes in cardiac activity are also indicated by changes in the cardiac activity in emotional states and in volitional influences, which can be caused by some people, for example, who do yoga. 
4 Multiple-Choice Study Questions
1.  THE CHRONOTROPIC EFFECT IN THE CARDIAC ACTIVITY IS A CHANGE OF
1) myocardial conduction

2) contraction

3) excitability of the myocardium

4) heart rate*

5) myocardial tone
2. 
THE INOTROPIC EFFECT IN THE CARDIAC ACTIVITY IS A CHANGE OF
1)  myocardial conduction

2)  contraction*

3)  excitability of the myocardium

4)  heart rate

5) myocardial tone
3. 
THE BATHMOTROPIC EFFECT IN THE CARDIAC ACTIVITY IS A CHANGE OF 

1) myocardial conduction

2) contraction
3) excitability of the myocardium*

4) heart rate

5) myocardial tone
4. 
THE DROMOTROPIC EFFECT IN THE CARDIAC ACTIVITY IS A CHANGE OF 
1) myocardial conduction*

2) contraction
3) excitability of the myocardium

4) heart rate

5) myocardial tone
5. THE FRANK-STARLING LAW STATES THAT
1) a decrease in the strength of the heart contraction with a moderate (up to 20%) increase in the length of its myocytes in diastole

2) an increase in the strength of the heart contraction with a moderate (up to 20%) increase in the length of its myocytes in diastole*

3) an increase in the strength of the heart contraction with an increase in pressure in the aorta

4) increased heart rate with increased pressure at the hollow veins

5) increase in heart rate with a decrease in aortic pressure

6. 
THE PHYSIOLOGICAL MEANING OF THE LAW OF THE HEART (FRANK-STARLING LAW) IS 
1) heart adaptation to the load of the volume of flowing blood (preload)*

2) heart adaptation to the pressure load in the aorta and pulmonary artery (afterload)

3) heart adaptation to increase the heart rate

4) heart adaptation to lower blood pressure

5) heart adaptation to lower heart rate

7. 
THE ANREP EFFECT IS
1) the change in the strength of the heart contractions when the initial length of the muscle fibers in the diastole changes

2) reducing the heart rate when pressing on the eyeballs

3) an increase in the force of heart contraction with an increase in pressure in the arterial system*

4) increased heart rate when pressing on the eyeballs

5) an increase in the force of heart contractions when hitting the anterior abdominal wall

8. 
THE PHYSIOLOGICAL MEANING OF THE ANREP EFFECT IS THE HEART ADAPTATION TO
1) volume load (flowing blood)

2) pressure load in the aorta (afterload)*

3) increased pressure in the pulmonary circle of blood circulation

4) reducing the pressure in the pulmonary  circle of blood circulation

5) reduction of venous inflow
9. 
THE RECIPIENT DOES NOT HAVE A TRANSPLANTED HEART UNDER
1) the influence of peripheral reflexes of the metasympathetic nervous system

2) the influence of the endocrine system

3) the direct efferent influence of the CNS*

4) the indirect influence of the CNS (via the endocrine system)

5) the nervous influence of skeletal muscle proprioceptors

10. 
THE CENTER OF PARASYMPATHETIC INNERVATION OF THE HEART IS LOCATED IN
1) the upper cervical segments of the spinal cord

2) the upper thoracic segments of the spinal cord

3) the medulla oblongata*

4) the thalamus

5) lateral horns of the thoracolumbal spinal cord

11. 
IN THE ENDINGS OF THE VAGUS NERVE, INNERVATING THE HEART, AS A RULE, IS RELEASED
1) adrenaline

2) serotonin

3) acetylcholine*

4) GABA

5) glycine
12. 
THE VAGUS NERVE AFFECTS THE HEART IN THE FOLLOWING WAY:
1) negative chrono-, ino -, batmo-and dromotropic effects*

2) negative chrono-, ino -, bathmotropic and positive dromotropic effects

3) negative chrono -, inotropic and positive batmo-and dromotropic effects

4) positive chrono-, ino -, batmo-and dromotropic effects

5) has no effect
13. 
THE VAGUS NERVE INFLUENCES ON THE HEART THROUGH
1) alpha-adrenergic receptors

2) beta-adrenergic receptors

3) N-holinergic receptors

4) M-holinergic receptors*

5) serotoninergic receptors of the first type

14. 
THE MECHANISM OF NEGATIVE CHRONOTROPIC EFFECT OF THE VAGUS ON THE HEART IS RELATED TO
1) a decrease in the rate of slow diastolic depolarization*

2) an increase in the rate of slow diastolic depolarization

3) all statements are incorrect

4) an increase in the calcium current

5) a decrease in the potassium current

15. 
THE CENTER OF SYMPATHETIC INNERVATION OF THE HEART IS LOCATED IN
1) the upper cervical segments of the spinal cord

2) the medulla oblongata

3) the upper thoracic segments of the spinal cord (Th1-5)*

4) lateral horns of the thoracolumbal spinal cord

5) the thalamus
16. 
THE ENDINGS OF THE SYMPATHETIC NERVE, INNERVATING THE HEART, SECRETE
1) acetylcholine

2) adrenaline

3) norepinephrine*

4) GABA

5) glycine
17. 
SYMPATHETIC NERVES CAUSE THE FOLLOWING EFFECTS IN THE HEART
1) negative chrono-, ino -, batmo-and dromotropic effects

2) negative chrono-, ino -, bathmotropic and positive dromotropic effects

3) negative chrono -, inotropic and positive batmo-and dromotropic effects

4) positive chrono-, ino -, batmo-and dromotropic effects*

5) do not cause any effects in the heart

18. 
THE MECHANISM OF POSITIVE CHRONOTROPIC INFLUENCE OF SYMPATHETIC INNERVATION ON THE HEART IS RELATED TO
1) an increase in the rate of slow diastolic depolarization*

2) a decrease in the rate of slow diastolic depolarization

3) all statements are incorrect

4) an increase in the potassium current

5) the reduced calcium current
19. 
THE ASCHNER–DAGNINI REFLEX IS 
1) the change in the force of contraction of the heart when changing the original length of the muscle fibers

2) changes in the strength of the heart contraction when the pressure in the arterial system changes

3) reducing the heart rate when pressing on the eyeballs*

4) increased heart rate when pressing on the eyeballs

5) increasing the strength of the heart rate when pressing on the eyeballs

20. 
ADRENALINE CAUSES THE FOLLOWING EFFECTS IN THE HEART 
1) positive chrono-, ino -, batmo-and dromotropic action*

2) negative chrono-, ino -, negative batmo-and dromotropic action

3) positive chrono -, inotropic action, positive batmo-and dromotropic action

4) negative chrono -, inotropic action, positive batmo-and dromotropic action

5) does not have any effect

21. 
THYROXINE CAUSES THE FOLLOWING EFFECTS IN  THE HEART
1) positive chrono-,ino -, batmo-and dromotropic action*

2) negative chrono-, ino -, batmo-and dromotropic effects

3) negative chrono -, inotropic effect

4) negative batmo-and dromotropic effect

5) positive chrono - and negative inotropic effects

22. 
THE MAIN ROLE OF THE HYPOTHALAMUS IN THE REGULATION OF THE HEART IS
1) in the conditional reflex change in heart rate

2) in the change in heart rate when holding the breath

3) in ensuring the work of the heart, an adequate situation within the body and behavior*

4) in the change in pressure when holding your breath

5) in the conditional reflexive change in blood pressure

23. 
BLOOD COMES TO THE LEFT VENTRICULAR MYOCARDIUM DURING 
1) mainly during systole

2) almost the same during systole and diastole

3) mainly during diastole*

4) during the protodiastolic period

5) during the period of isometric stress

24. THE MAIN INFLUENCE ON THE REGULATION OF CORONARY BLOOD FLOW IS ONE OF THE FOLLOWING METABOLIC FACTORS
1) extracellular potassium

2) adenosine*

3) pH of extracellular fluid

4) extracellular calcium

5) intracellular calcium and potassium
25. 
ADMINISTRATION OF ATROPINE (M-CHOLINERGIC RECEPTOR ANTAGONIST) WILL LEAD TO A GREATER INCREASE IN HEART RATE
1) in a trained athlete*

2) in an ordinary person

3) in a detrained person

4) the effect of atropine does not depend on the degree of fitness

5) there is no correct answer

CASE PROBLEMS WITH KEYS
1. Students repeated experiments with cutting the vagus and simpaticus nerves on dogs to get answers to a number of questions:
Question 1: How to confirm the existence of a constant tone in the centers of these nerves;

Question 2: How to confirm the leading role of n. vagus in the regulation of cardiac activity;

Question 3: How to confirm the existence of heart automatism;

Question 4: What effect will the irritation of the peripheral end of the severed aortic depressor nerve have on the heart rate?;

Answer 1: The proof of the existence of tone is a prolonged increase or decrease in heartbeats after separate, alternating cutting of them;

Answer 2: With prolonged denervation of n. vagus and simpaticus, the greatest changes in heart rate occurred after cutting the vagus nerve;

Answer 3: the absence of cardiac arrest with its complete denervation and the experience with an isolated heart demonstrate the automaticity of the heart;

Answer 4: It will have no effect;

2. When conducting experiments on animals, students tried to find answers to a number of questions:
Question 1: To which part of the heart does the right vagus adhere;

Question 2: How does the strength of the heart contractions change with an increase in resistance in the arterial system;

Question 3: For which ions does the permeability of the membranes in the heart change under the action of catecholamines;

Question 4: What effect will the application of K + ions have on the cardiac activity;

Answer 1: The right vagus ends at the sinoatrial node;

Answer 2: The strength of contractions increases, determined by homeometric mechanisms;

Answer 3: Membrane permeability increases for sodium and calcium ions;

Answer 4: Negative chrono-, ino -, dromo-and bathmotropic effects will appear with a stop in the diastole phase;

3. The dog has cut both the vagus and sympathetic nerves on both sides

Question 1: At what levels is the regulation of cardiac activity carried out;

Question 2: What mechanisms are used to regulate the work of the heart;

Question 3: What effect will the irritation of the central end of the severed afferent nerve from the vascular reflexogenic zones have on the heart rate?;

Question 4: What are the effects of vagus nerve irritation on the heart;

Answer 1: At the cellular, organ, and system levels;

Answer 2: Nerve and humoral;

Answer 3: There will be a decrease in heart rate, as the tone of the vagus nerve center and its inhibitory effect on the heart will increase;

Answer 4: Negative inotropic, chronotropic, bathmotropic, and dromotropic effects;

4. Students, studying the effect of various factors on the heart rate in animals, received results that answer their questions

Question 1: What mediator is released in the endings of the sympathetic nerve and what effect does it have;

Question 2: Can the effect of the Frank-Starling law be explained by the mechanism of humoral self-regulation;

Question 3: How will the HR change and why in newborn animals when both the vagus and sympathetic nerves are cut on both sides;

Question 4: Why does adrenaline cause a significantly greater increase in heart rate in animals with severed vagus nerves than in control animals;

Answer 1: Norepinephrine is released. It excites through alpha-adrenergic receptors and has an inhibitory effect when meeting with betta-adrenergic receptors;

Answer 2: It is impossible, since the increase in the strength of heart contractions is provided by the mechanisms of cellular and intra-organ self-regulation;

Answer 3: The heart rate will decrease, as the sympathetic tone component will disappear, and the parasympathetic tone has not yet formed;

Answer 4: This difference is explained by the fact that when cutting, the excitation in the center of the vagus nerve, which always exists in the norm and prevails over the tone of the sympathetic center, is removed;

5. Claude Bernard's experience was carried out, evaluate the changes that have occurred in the vascular bed, draw conclusions.

Question 1: Which nerve needs to be cut in order for the expansion of the ear vessels to occur;

Question 2: What is the mechanism of the coming expansion;

Question 3: What are the main conclusions;

Answer 1: Cutting the sympathetic nerve leads to redness of the rabbit ear due to the expansion of the denervated vessels;

Answer 2: Cutting the sympathetic nerve leads to the shutdown of the sympathetic influence and the vessels expand;

Answer 3: Claude Bernard's experience proves the vasomotor role of the sympathetic nerves;

Topics for students' scientific research
1. Humoral regulation. The effect of muscle load on the heart.

2. The value of heart training.

3. Functional cardiovascular tests as a means of personal self-control.

4. Features of the regulation of the heart when performing physical activity.

5. Reflex regulation of cardiac activity by the central nervous system.
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