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EXAM QUESTIONS 

DISCIPLINE: 

Normal Physiology. 

Specialty: 31.05.01 General medicine.
(Full-time form of study)

GENERAL PHYSIOLOGY OF EXCITABLE TISSUES. 
1. The concepts of excitability and irritability, excitable and non-excitable tissues. Stimuli: definition, types, and characteristics. Resting membrane potential: its scheme, parameters, and mechanism of formation.

2. Action potential: definition, scheme of action potential (phase), its parameters, mechanism of occurrence. Recovery period. Accommodation of excitable tissue.
3. Parameters of tissue excitability: definition, methods of determination.  Comparison of excitability of various tissues – nerve, muscle, secretory cells. Phase changes of the tissue excitability during the excitation. Action potential and its mechanism.

4. Nerve fiber: classification of nerve fibers, excitation mechanism of medullated and non-medullated fibers. 

PHYSIOLOGY OF THE MUSCULAR SYSTEM
1. Neuromuscular synapse: purpose of structural elements, mechanism of excitation, specific features of excitation in synapse as compared to nerve fiber.

2. Mechanism of skeletal muscle contraction and relaxation: value of action potential, calcium ions, troponin and tropomyosin, myosin bridges, ATP. Electromechanical coupling.
3. Types of muscle contractions. Single and tetanic contraction of an isolated muscle. Energy for muscle contraction and relaxation. Efficiency of muscles. Skeletal muscle work, its fatigue.

4. Smooth muscle: value for the body; smooth muscle as a functional unit; differences from the skeletal muscle in terms of resting potential and action potential; properties.

CENTRAL NERVOUS SYSTEM
1. Reflex principle of nervous regulation. Development of the concept of reflex and reflex arc (Descartes, I. M. Sechenov, I. P. Pavlov, P. K. Anokhin). Self-regulation and its manifestations. General scheme of body constants regulation functional system (according to P. K. Anokhin).

2. CNS neurons: classification, their functional structures, value of the resting potential and action potential. Properties of nerve cells. Types of connections between neurons in the CNS.

3. Classification of CNS synapses, physiological assessment of synapses of different classes, mediators of CNS synapses and their functional significance. EPSP and IPSP, their properties.
4. Definition of the nerve center. Properties of nerve centers determined by properties of neurons, contacts between neurons, and features of the structural organization of the center. 

5. Methods of investigation of CNS functions. Classical and modern methods of brain research (various scanning methods).

6. Processes of inhibition in the CNS: experimental data (I. M. Sechenov, Megun), mechanism of postsynaptic and presynaptic inhibition, posttetanic and pessimal inhibition. Value of inhibition.
7. Coordinating activity of the CNS: coordination, principles of coordination of the CNS. Segmental and suprasegmental principle of nerve centers activity.
8. Role of the spinal cord in regulating body functions: vegetative and somatic centers and their significance. State of muscle tone of spinal animals. Spinal shock. Significance of afferent and efferent impulses.

9. Medulla oblongata and the bridge: centers and their corresponding reflexes, their differences from the reflexes of the spinal cord, state of muscle tone of a bulbar animal, a diagram explaining the mechanism of its origin.

10. Midbrain: basic structures and their functions, static and statokinetic reflexes. State of muscle tone of a mesencephalic animal.
11. Reticular formation.  Descending and ascending influences of reticular formation and experiments proving them. 

12. Cerebellum: afferent and efferent connections, role of the cerebellum in regulating muscle tone and ensuring motor activity. Symptoms of damage to the cerebellum.
13. Intermediate brain: structures and their functions. Role of the thalamus and hypothalamus in regulating body's homeostasis and sensory function.

14. Central mechanisms of movement organization. Pyramid and extrapyramidal systems: main structures of the function.  The striopalidar system and its functions.
15. Limbic system: structures and their connections, its role in the regulation of vegetative functions, in the formation of motivations and the implementation of emotional and behavioral adaptive responses, and in memory processes.

16. Functions of the new cortex, somatosensory and motor areas of the cerebral cortex (their localization and functional significance). Multi-functionality of cortical areas, functional plasticity of the cortex. 

17. Autonomic nervous system: functional differences from somatic nervous system, features of sympathetic and parasympathetic divisions, their effects, the mechanism of transmission of excitations in the autonomic ganglia and on the functional organ (types of receptors, mediators). 

ENDOCRINE GLANDS

1. General principles of endocrine gland regulation. Hypothalamic-pituitary system. General overview of endocrine glands.        

BLOOD SYSTEM
1. Blood as an integral part of the internal environment of the body. Internal environment of the body. Homeostasis. Blood system (G. F. Lang). Functions of blood. The amount of blood in the body and methods for its determination.

2. Blood composition. Hematocrit. Plasma composition. The main physical and chemical constants of blood, their indicators, factors affecting them, the significance of maintaining their constancy. Blood buffer systems. Alkaline reserve. 
3. Red blood cells: quantity, counting methods, functions. Erythron. Nervous and humoral regulation of erythropoiesis. 

4. Hemoglobin: properties, compounds of hemoglobin, the amount of Hb, methods for its determination. Color indicator: definition, calculation formula, clinical significance. Oxyhemoglobin dissociation curve and factors affecting it. Blood oxygen capacity. Metabolism of hemoglobin.
5. White blood cells: number, counting methods, white blood cell formula, functions of different types of white blood cells. Physiological leukocytosis: definition, types. Nervous and humoral regulation of leukopoiesis.

6. Blood groups and group antigen systems. Blood groups of ABO systems. Blood groups of Rh- systems, clinical significance. Brief description of other antigen systems (M, N, S, P, etc.). Rules for blood transfusions. Basic requirements for blood replacement solutions.

7. Blood coagulation: definition, enzymatic theory (Schmidt, Moravitz), three groups of factors of coagulation. Primary, or vascular-platelet hemostasis: sequence of processes, role of platelets, assessment of the state of the primary hemostasis system.

8. Secondary (coagulation) hemostasis: a sequence of processes (3 phases, factors involved in each phase, a diagram reflecting the process of interaction of these factors), assessment of the state of the secondary hemostasis system.   Fibrinolysis. Anticoagulation system: primary and secondary anticoagulants. Regulation of blood coagulation processes.

PHYSIOLOGY OF HEART ACTIVITY.
 1. Heart: function, purpose of the atria, ventricles and valvular apparatus, the cycle of cardiac activity (phases and their duration, state of the valves in each phase, pressure in the heart cavities, direction of blood movement).

 2. Physiological properties of the heart muscle (myocardium) and their features in comparison with skeletal muscle, their origin and significance.    Heart automatism: definition, proof of existence, conducting system and its functions, mechanism of automatism, gradient of automatism and its proof. Extrasystoles: definition, types and causes of their occurrence.

 3. Electrocardiography: definition, ECG diagram registered in the second standard lead, genesis of deflections, segments and intervals, their parameters, clinical significance of ECG.  Phonocardiography: origin of heart tones, PCG in comparison with ECG, clinical significance of this technique.

 4. Physiological indicators of the heart. Cardiac output: definition, value, factors affecting it, examination using the Fick method (describe the method, make calculations). 

5.    Extracardial regulation of heart activity by vagus and sympathetic nerves:  discovery of the effects of these nerves, types of effects, mechanisms (mediators, receptors of ganglia and effector cells). Tone of the centers of the vagus and sympathetic nerves (proof, meaning).  Intracardial regulation of heart activity: myogenic regulation, intracardiac nervous system, its scheme and experiments proving it. 

6. Self-regulation of the heart. Mechanisms and levels of self-regulation. Reflex mechanisms, cortical influences. Humoral mechanisms of regulation of cardiac activity.

 PHYSIOLOGICAL MECHANISMS OF HEMODYNAMICS.
1. Hemodynamics: basic laws and their mathematical expression, functional classification of blood vessels, changes in cross-sectional area, resistance, blood pressure and blood flow velocity along the vascular bed (aorta, capillaries, veins). Diagrams.
2. Blood movement in the arteries: causes, character, indicators (aorta, vena cava, capillaries). Sphygmogram: scheme and its analysis, clinical significance. Pulse wave: definition, speed of propagation in individuals of different ages. Properties of the pulse.
3. Blood pressure in the arteries: types, indicators, and factors that determine them (illustrated by relevant experiments), formula for calculating average blood pressure, waves of the blood pressure curve recorded by the direct method.

4. Blood movement through capillaries: capillary parameters, pressure and speed of blood flow in them, mechanisms of metabolism between blood and tissues,  “on duty" capillaries. Functional hyperemia (mechanism, meaning).
5. Movement of blood through veins: causes, speed, venous pressure. Blood pool. Venous return and cardiac output. Lymphatic system: description, composition and amount of lymph, the mechanism of its formation, the value of lymph flow, the causes of lymph movement.

6. Nervous regulation of vascular tone: vasomotor center, vasoconstriction and vasodilation: nerves, mediators, receptors. Reflex regulation of systemic blood pressure - rapid response mechanisms: aortic and sinocarotid reflexogenic zones, chemoreceptive reflexes from these zones.

7. Regulation of systemic blood pressure. Rapid and slow response mechanisms. Characteristics of the functional system supporting the level of systemic blood pressure, its scheme.

8. Features of regional blood circulation: pulmonary, coronary, cerebral, hepatic, renal, and cutaneous.

RESPIRATORY SYSTEM
1. Breathing: definition, meaning, 5 stages of the respiratory process. External breathing. Functions of lungs, airways, and chest in respiration.  Non-gas exchange lung functions. 
2. The mechanism of inhalation and exhalation.    Lung ventilation: lung volumes and capacities (definitions, indicators), minute ventilation (MV), maximum breathing capacity (MBC). 
3. Gas exchange between alveolar air and blood: driving force of gas exchange, indicators of partial pressure of O2 and CO2 in the alveolar air and the stress of these gases in arterial venous blood and in tissues. Factors contributing to gas exchange in the lung. 
5. Transportation of O2 and CO2 by blood: compounds present in arterial and venous blood, curve analysis, formation and dissociation of oxyhemoglobin and carbohemoglobin and factors affecting them (curve analysis).  Gas exchange between blood and tissues: driving force, auxiliary factors.                      

 6. Reflex self-regulation of inhalation and exhalation: the role of vagus nerves (Goering-Breir reflexes) and proprioreceptors of respiratory muscles (experimental evidence), the scheme of self-regulation of inhalation and exhalation. Structural and functional features of the respiratory center.  Characteristics of the functional system maintaining the constancy of the blood gas composition and its scheme

7. Peculiarities of respiration and its regulation during muscular work, at low and high atmospheric pressure. 

DIGESTIVE SYSTEM
1. General characteristics of the digestive system: the value of digestion for the body, the definition of digestion, digestive and non-digestive functions of the gastrointestinal tract, general laws of the digestive system, types of digestion.

2.   Digestion in the oral cavity: the composition and amount of saliva, its digestive and non-digestive functions, the mechanism of formation, the adaptive nature of the salivary glands, the regulation of salivation. Mechanism of swallowing.
3.  Digestion in the stomach: composition and quantity of gastric juice. Adaptive nature of gastric secretion, phases of gastric secretion and neurohumoral mechanisms of their regulation. Gastric motor activity and its regulation, the transition of chyme from the stomach to the duodenum.

4.  Digestion in the duodenum: General characteristics, reflex and hormonal function of the duodenum. The role of the pancreas in digestion (composition, quantity, enzymes of pancreatic juice), regulation of pancreatic secretion.

5.  Liver: its role in digestion (bile composition, its function, regulation of bile formation and bile excretion), non-digestive functions of the liver.

6.  Digestion in the small intestine: the amount, composition and function of various fractions of the digestive juice of the small intestine, regulation of its secretion; cavity and membrane digestion. Types of contractions of the small intestine and their regulation.

7.  Digestion in the large intestine: the parts of the large intestine and their innervation, the transition of chyme from the small intestine to the large intestine, the amount, composition and value of colon juice, the value of microflora, motor activity and its regulation.

8.  Absorption in the gastrointestinal tract: the intensity of absorption in various departments, mechanisms of absorption and experiments proving them; regulation of absorption.

9.  Physiological basis of hunger and satiety.  Periodic activity of the gastrointestinal tract. Mechanisms of active food selection and the biological significance of this fact.

METABOLISM AND ENERGY. 
1.  Energy exchange in the body: source of energy, value of energy, main and fuctional exchanges, their indicators, and factors affecting them.  Examination principles of the arrival and consumption of energy by the body (two main methods and their justification). The value of gas exchange indicators, respiratory coefficient and caloric equivalent of oxygen, the principle of calculating energy consumption for these indicators.

THERMOREGULATION
1. Thermoregulation: the value of the constant temperature of the internal environment of the body, the temperature of various parts of the skin and internal organs, types of thermoregulation, physical and physiological mechanisms of heat production and heat transfer. Characteristics and scheme of the functional system that maintains a constant temperature of the internal body environment.
EXCRETORY SYSTEM
1. Structural and functional characteristics of the kidney: uropoiesis. The mechanism of glomerular filtration, factors that determine filtration process, composition of primary urine, its volume. Mechanisms of reabsorption and secretion in the proximal convoluted tubules: 

2. The role of the kidneys in maintaining physiological constants: the mechanism of regulation of osmotic pressure, pH, body fluid volume, electrolyte content, and blood pressure.

3.Mechanism of urine excretion. Bladder functions.  Nervous and hormonal regulation of excretory kidney functions.
 PHYSIOLOGY OF HIGHER NERVOUS ACTIVITY
1
Sensory systems. Peripheral, conductive, and cortical divisions of sensory systems (analyzers). Their functional properties. Localization of functions in the cerebral cortex.
 2
Visual sensory system. Mechanism of perception of light irritation. Color​ vision and forms of color perception disorders.
3. Auditory sensory system sound-detecting, sound-conducting and sound-receiving apparatus. Theory of sound perception.
4. Modern understanding of the nociceptive and antinociceptive systems. General ideas about the mechanisms of pain treatment.
5. Conditioned reflexes. The difference between conditioned and unconditional reflexes. Classification. Physiological mechanisms of conditioned reflexes formation. Study methods.
6.  Modern concepts concerning the mechanisms of short-term and long-term memory.​ Age-related memory changes.
7.  Dynamic stereotype, its physiological significance, importance for training and acquisition of labor skills.
8.  Types of mental (higher nervous) activity. Genotype and phenotype.​ The role of education in the formation of HNA types.

9.   Academician Pavlov's teaching on first and second signal systems. Specific human types ​of mental (higher nervous) activity.
10.  The nature of sleep. "Fast" and "slow", "active" and "passive" sleep. The importance of the cerebral cortex, reticular formation, and hypothalamus for regulating and maintaining the state of wakefulness and sleep.​
11. . Emotions and their role in human and animal life. Classification. Positive and negative emotions.​ Theory of emotions. The role of subcortical formations and the cerebral cortex. ​Vegetative and motor components of emotions.
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