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Part 1

PHYSIOLOGY OF NERVE AND MUSCLE CELLS

1. Biomembranes, their structure and functional features. Ionic channels, their classification and role. Types of transport through biomembranes. The concept of excitability. Properties of excitable tissues.

2. The basic laws of stimulation. «All-or-none» law. Threshold of stimulation. Strength-duration curve. Accommodation. The basic laws of stimulation. Electrotonic potentials. Resting membrane potential. Its ionic basis.

3. Action potential. Electrogenesis and ionic basis of the action potential. General characteristic of a single excitation cycle.

4. Local response and propagation of excitation on biomembrane, their comparative characteristic. The firing level. Changes in excitability during the action potential (compare phases of the action potential to phases of excitability changes).

5. The mechanism of excitation conduction in nervous fibers (in myelinated and unmyelinated nervous fibers). The laws of conduction in nervous fibers. Nerve fiber types and function.

6. The structure of skeletal muscles. The motor unit. Fast and slow motor units. General characteristic of smooth muscle.

7. Types of muscle contraction. Isotonic and isometric contractions. Treppe. Summation of contractions. Types of tetanus. Mechanism of muscle contraction (sliding filament theory).

8. Fiber types (red muscles and white muscles). Relation between muscle length, tension and velocity of contraction. Work and strength of skeletal muscle. Body mechanics. Muscular fatigue. The theory of muscular fatigue.

9. The neuromuscular junction, structure, mechanism of excitation transmission. The basic properties of neuromuscular synapses.

FUNCTION OF THE NERVOUS SYSTEM

1. The neuron, its physiological properties, classification. Features of rising and propagation of excitation in neuron.

2. Synapses of CNS. Structure, classification, functional properties.
3. Chemical synapses. Mediator mechanisms of excitation transmission in CNS synapses. Electrical synapses. Functional properties, mechanisms of excitation transmission.

4. The reflex. Classification of reflexes. The basic components of reflex arch. Reaction time, factors which influence on its duration. Receptive field of reflex. Nervous centers and its properties.

5. Spinal cord and its functions (reflex and conductive). The main spinal reflexes (autonomic and somatic). Spinal shock. Mechanisms of origin.

6. Inhibition in CNS. Postsynaptic (direct) inhibition, its mechanisms and physiological significance.
7. Inhibition in CNS. Presynaptic (indirect) inhibition, its mechanisms and physiological significance.

8. General principles of CNS coordinating activity (divergence, irradiation, convergence, reciprocal relations, feed back, subordination, principle of dominant).

9. Functions of medulla oblongata and pons. Functions of midbrain.
10. The reticular formation, its ascending and descending influences.

11. Structural and functional features of autonomic and somatic nervous systems.

12. Characteristic of sympathetic division of ANS, effects, role in organism. Adrenergic receptors.

13. Characteristic of parasympathetic division of ANS, effects, role in organism. Cholinergic receptors.
14. Autonomic reflexes, classification, features of reflex arch. Levels of autonomic functions regulation.

15. Conditioned and unconditioned reflexes, their difference. Inhibition of conditioned reflexes. Unconditioned and conditioned inhibition, their differences.

16. Memory and hypnosis. Forms of memory. General types of higher nervous activity in man.

17. Vision.

18. Hearing and equilibrium.

19. Pain reception.

20. Touch and proprioception.

HORMONE REGULATION OF PHYSIOLOGICAL FUNCTIONS

1. Internal secretion of the pituitary gland, hormones of the anterior part, the medium part and the posterior pituitary.

2. Internal secretion of the thyroid gland, thyroid hormones, its physiological significance.

3. Internal secretion of the parathyroid glands. Parathyroid hormones, its physiological significance

4. Internal secretion of the pancreas, its hormones, regulation of internal pancreatic secretion.

5. Internal secretion of the adrenals, hormones of the adrenal medulla and the adrenal cortex, its physiological significance.

6. Internal secretion of the gonads, its physiological significance.

Part 2

METABOLISM AND ENERGY EXCHANGE. NUTRITION.
THERMOREGULATION
1. Methods to determine metabolic rate. Direct calorimetry. Indirect calorimetry. (i) Respiratory quotient, (ii) Energy equivalent of oxygen utilized, (iii) Benedict Roth Spirometer (close circuit method), (iv) Open circuit method.
2. Importance of thermoregulation. Normal body temperature. Source of 'gain' of body heat & channels of heat loss. Mechanism of thermoregulation in exposure to cold. Mechanism of thermoregulation in hot environment.

DIGESTION
1. Functional anatomy of the digestive system. Gastro-intestinal hormones.
2. Functional anatomy of the salivary glands. Composition and functions of saliva. Mechanism and control of salivary secretion.
3. Mouth and its role in digestion. Esophagus. Mastication. Functional anatomy of stomach. Digestion in stomach. Functions of stomach. Some important cells in the gastric glands.
4. Composition and functions of gastric juice and mechanism of secretion. Control of gastric secretion. Four phases of gastric secretion. Emotion and gastric secretion. Gastric motility and emptying. Regulation of gastric motility and emptying.
5. Composition and function of pancreatic juice. Mechanism of secretion of pancreatic juice. Control of secretion of pancreatic juice.

6. Functional anatomy of the liver and the biliary tract. Composition of liver bile and gall bladder bile. Functions of gall bladder. Functions of bile. Secretion and excretion of bile, control of secretion and control of excretion.

7. Digestive and absorptive functions of the small intestine. Succus Entericus:(i) Composition and its functions (ii) Control of succus entericus secretion. Digestion and absorption of carbohydrate, protein and fat. Absorption of water, minerals and vitamins.
8. Movements of the small intestine. Movements of the large intestine; defecation.
9. Anatomic considerations. Intestinal mucus. Intestinal motility (characteristic of contractions types). Anatomic considerations of the colon. Motility and secretion of the colon.
Physiology of blood

1. Functions of blood. Composition of blood. Quantity of in human organism, its relative constancy. Viscosity of blood. Osmotic pressure. Plasma, its quantity, composition. Plasma proteins, its physiological role. Origin plasma proteins. Hypoproteinemia.

2. Red blood cells. Morphology. Composition. Function. Erythropoiesis. Stages of development. Importance of erythropoiesis. Hemoglobin. Functions, concentrations. Chemical structure of Hb. Hemoglobin chemistry and synthesis. Catabolism of Hb.
3. White blood cells (the leukocytes). Total count and classification. Morphology of the WBCs. Neutrophils. Eosinophils. Basophils. Monocytes. Lymphocytes. Classification of lymphocytes. Functions of the WBCs. Normal values for the cellular elements in human body.

4. Platelets (Throbocytes). Count and morphology. Function of platelets. The clotting mechanism. Factors which accelerate clotting. Anticlotting mechanism. Anticoagulants. Abnormalities of hemostasis.

5. Blood types. The ABO system. Transfusion reactions. Inheritance of A- and B-antigens. Other agglutinogens. The Rh Group. Compatibility of blood types, basic rule of blood type compatibility determination.
Physiology of respiratory system

1. Mechanism of external respiration. Biomechanics of inspiration and expiration. Respiratory muscles. Compliance of the lungs and chest wall. Alveolar surface tension. Surfactant, its composition.

2. Gas exchange in the lungs. Partial pressure of O2 and CO2 in alveolar air and in blood. Composition of the alveolar air. Diffusion across the alveolocapillary membrane. Ventilation/Perfusion ratios.

3. Gas transports between the lungs and the tissues. Gas exchange between blood and tissues. Partial pressure of O2 and CO2 in blood, tissues liquid and in cells.

4. Gases transport by blood: transport of O2 by blood; hemoglobin dissociation curve. Transport of CO2 by blood. Significance of carboangydrase; correlation CO2 and O2 transport. Factors affecting the affinity of hemoglobin for oxygen.

5. Regulation of respiration. Respiratory centre. Pontine and vagal influences. Role of chemoreceptors (central and peripheral). Carotid and aortic bodies. Chemoreceptors in the brain stem.

СARDIO VASCULAR SYSTEM

1. Anatomic considerations of the heart. Morphology of cardiac muscle. Electrical properties. Resting membrane. Action of potentials.

2. Properties of the cardiac muscle. Automaticity of the heart. Anatomical substratum and nature of automaticity (characterize the conduction system). Speed of spread of cardiac excitation. Action of pacemaker and contractile cardiac cells. Their characteristic and comparison.
3. The heart as a pump. Mechanical events of the cardiac cycle. Events in late diastole. Atrial systole. Ventricular diastole. Early diastole. Length of systole and diastole.

4. Electrocardiography. Standard leads normal electrocardiogram in human (I, II, III). Unipolar (V1–V6) leads. Waves of ECG, nature of its waves, clinical significance.
5. Cardiac innervation. Influences of sympathetic and parasympathetic nerves on the heart. The heart nerves tone. Mediators in the heat (chemical nature, influences).

6. Sympathetic and parasympathetic supply. The reflexes: Reflexes arising from the systemic arteries (baroreceptor reflex; chemoreceptor reflex). Reflexes arising from the heart: Baroreceptors are present in the left ventricle. Coronary chemoreflex (Bezoldjarisch reflexes). Atrial receptors (Bainbridge reflex). Influences from the Higher Centers. Limbic system, emotion and the heart rate.

7. General structure of the vascular tree (segments of blood vessels-major divisions). Functions of the individual segments. Biophysical considerations. Flow, pressure and resistance.
8. Methods of measuring blood pressure. Auscultatory method. Palpation method. Normal arterial blood pressure and factors determining the BP. Regulation of BP. Physiological conditions (sex, meals, emotion, exposure to cold, muscular exercise, sleep) affecting blood pressure.

9. Blood pressure in different segments of the vascular tree. Interrelationship between the diameter of the blood vessel and the velocity of the flowing blood (diameter-velocity relationship).

10. Interrelationship between the velocity, total pressure and the lateral pressure of the flowing blood (velocity-pressure relationship). Velocity and flow of the blood. Relationship between the pressure of the flowing blood with the volume of the flow per unit time (pressure-flow relationship). Resistance and capacitance vessels.

11. Capillary circulation. Capillary pressure and flow. Equilibration with interstitial fluid. Active and inactive capillaries. Venous circulation. Venous pressure and flow. Thoracic pump. Muscle pump. Venous pressure in the head.

12. Cardiovascular regulatory mechanisms. General plan of the cardiovascular system reflexes. Local regulatory mechanisms. Autoregulation. Vasodilatator metabolites. Localized vasoconstriction. Substances secreted by the endothelium. Systemic regulation by hormones. Systemic regulation by the nervous system. Vasomotor center.

13. Circulation through special regions (cerebral circulation, coronary circulation, splanchnic circulation, circulation of the skin).

Excretion
1. Kidney’s role in organism. Cross anatomy of the kidney. The functional anatomy of nephron. Renal corpuscle. Proximal tubule. Loop of Henle. Distal nephron.

2. Renal circulation. Pressure in renal vessels. Physiological aspects of renal circulation. Blood flow. Regulation of the renal blood flow. Function of the renal nerves. Autoregulation of renal blood flow. Regional blood flow.

3. Tubular function. Mechanism of tubular reabsorbtion and secretion. Na+ reabsorbtion. Factors influencing Na+ reabsorbtion. Water reabsorbtion. Glucose reabsorbtion. Amino acid reabsorbtion.

4. Water excretion. Proximal tubule. Loop of Henle. Distal tubule. Collecting ducts. The countercurrent mechanism.

Part 3

Applied physiology

1. General structure of analysers. Physiological features of different part of analysers (reception, transmission of information and analysis in CNS).

2. Features of information coding in analysers. Adaptation of analysers.

3. Values of metabolic rate. Basal metabolic rate: (i) Definition, (ii) Normal values, (iii) Factors determining, (iv) Applied physiology.

4. Applied physiology: fever, antipyretics, pyrogens, heat stroke, heat exhaustion, hypothermia.
5. Importance of food. Principles of dietetics. The balanced diet. Some common foods. Dietary standards for man. Vitamins and its significance in nutrition
6. Swallowing. Lower esophageal sphincter. Motor Disorders of the Esophagus. (Achalasia. Aerophagia. Intestinal gas.)

7. Pepsinogen secretion. HCl. Secretion. Functions of HCl. Regulation of gastric secretion. Peptic ulcer. Other functions of the stomach.
8. Composition and properties of bile. Functions of the gallbladde. Regulation of biliary secretion. Effects of cholecystectomy. Visualizing the gallbladder. Gallstones.
9. Regulation of intestinal secretion. The malabsorption syndrome.
10. Adynamic ileus. Mechanical obstruction of the small Intestine.

11. Blind Loop Syndrome. Dietary fiber. Defecation. Effects of colectomy. Constipation. Megacolon. Diarrhea.

12. Red cells fragility. Hemolysis. Types of hemolysis. Erythrocyty sedimentation rate (ESR).

13. Hemoglobin in the fetus. Abnormalities of Hb production.

14. Compatibility of blood types, basic rule of blood type compatibility determination. Rhesus factor. Transfusion reactions.

15. Lung Volumes. The vital caparacity and its composing components. Residual volume. Respiratory minute volume and its changes at different loading, methods of its measurement. «Dead space» and efficient lungs ventilation. Effect of variations in respiratory rate and depth on alveolar ventilation.

16. Effects of decreasing or increasing the ventilation/perfusion ratios on the Pco2 and Po2 in an alveolus. Pulmonary hypertension. Pulmonary embolization.

17. Nonchemical effects on respiration. Responses mediated by receptors in airways and lungs. Coughing and sneezing. Afferents from «Higher centers». Afferents from proprioceptors.

18. Respiratory components of visceral reflexes. Respiratory effects of baroreceptor stimulation. Effects of sleeping. Effects of exercises, changes in ventilation.

19. Hypoxia, four categories of hypoxia. Pneumothorax ( open and closed). Asthma. Emphysema. Cystic fibrosis. Other respiratory abnormalities. Asphyxia. Drowning. Periodic breathing. Cheyne-Stokes respiration.

20. Ventilatory responses to the changes in aсid-base balance. Ventilatory responses to CO2. Ventilatory responses to oxygen lack.

21. Effects of hypoxia on the CO2. Response curve. Effects of H+ on the CO2 response. Breathe holding. Hormonal effects on respiration. Nonchemical effects on respiration.
22. Artificial respiration. Mouth to mouth breathing. Mechanical respirators.

23. Methods of blood pressure registration and measurement. Pressure in arteries, veins, capillaries.

24. Arterial pulse. Atrial pressure changer and the jugular pulse. Heart sounds. Murmurs.

25. Methods of measurement of cardiac output. Cardiac output in various conditions. Factors controlling cardiac output. Relations of tension to length in cardiac muscle. Factors affecting end-diastolic volume. Myocardial contractility. Integrated control of cardiac output.

26. The cardiac vector. Cardiac arrhythmias. Normal sinus rhythm (NSR). Bradycardia and tachycardia. Nature of sinus arrhythmia.

27. Abnormal pacemakers. Complete (third-degree) heart block. Incomplete heart block: Causes of atrial extrasystole, atrial tachycardia, atrial flutter, atrial fibrillation. Electrocardiographic findings in other cardiac and systemic disease (Myocardial infarction. Effects of changes in the ionic composition of the blood.)

28. Vasomotor control. Afferents to the vasomotor area. Somatosympathetic reflex. Baroreceptors. Carotid sinus and aortic arch. Buffer nerve activity.

29. Atrial stretch receptors. Role of baroreceptors in endocrine defence of ECF volume. Bainbridge reflex. Left ventricular receptors.

30. Chemical regulation of the heart rate. Thermal regulation. Conditions affecting the heart rate: Physiological: muscular exercise; sinus arrhythmia; rage and panic; a meal; posture; pregnancy; athletes; sleep.

31. Glomerular filtration. Glomerular filtration rate (GFR). Normal GFR. Control of GFR. Factors influencing the filtration. Applied physiology.

32. Tubuloglomerular feedback and glomerulotubular balance. Fanconi’s syndrome.

33. Role of urea. Water diuresis. Water intoxication. Osmotic diuresis. Effects of disordered renal function.

34. Emptying of the bladder. Anatomic considerations. Micturition. Reflex control. Abnormalities of micturition. Effects of deafferentation. Effects of denervation. Effects of spinal cord transection.
35. Composition of urine (volume, specific gravity, color, reaction). Alkaline tide. Microscopical examination. Renin angiotensin system. Effects of angiotensin. Factors controlling Na+ excretion by the kidney (changing the GFR; aldosterone; Natriuretic factors).
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