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I. COURSE CONTENT
The aim of the discipline is to enable students to apply in practice the knowledge about the vital activities of human and animal organisms, the integrity of the organism, its close interaction with the external environment, the physiological activity of organs and systems, and the role and mechanisms of nervous and humoral regulation in controlling these functions, as well as the mechanisms of adaptation to environmental conditions. It also includes providing knowledge about the structure and function of organs, tissues, cells, and cellular elements for a deeper understanding of organism activity.

II. MAIN THEORETICAL SECTION (LECTURE SESSIONS)

The course includes the following topics:

Topic 1. Introduction to the Subject of "Human and Animal Physiology"
The subject, tasks, and essence of human and animal physiology. The history of the development of human and animal physiology. Major achievements of modern physiology. The development of physiology in Uzbekistan. Methods of studying physiology. Branches of modern physiology (ecological physiology, evolutionary physiology, comparative physiology, sports physiology, aerospace physiology, etc.). Functional systems. Nervous and humoral regulation of functions. Autoregulation of functions. Reflex mechanism in the regulation of functions.
Topic 2. Physiology of Excitable Tissues
Structural mosaic of the membrane. Properties of membrane components. Intercellular contacts. Membrane transport. Ion pumps and their functions (potassium-sodium, calcium, chloride, proton pumps). Influence of membrane permeability and particle size on ion transport. Passive transport, transport along an electrochemical gradient, osmosis, filtration. Active transport: carrier-mediated transport, vesicular transport. Endocytosis, exocytosis, transcytosis.
Membrane potential, ionic mechanisms of the resting potential. Connections between neurons. Levels of potential changes. Action potential, changes in membrane and ion permeability during an action potential. Propagation of the action potential. Refractory period. "All-or-none law." Laws of impulse conduction along a nerve fiber. Synapses and neuronal integration, types of synapses. Properties of synapses. Types of inhibition.
Topic 3. Muscle Physiology
Structure of skeletal muscles. Composition of actin and myosin filaments. Molecular basis of skeletal muscles. Sliding filament mechanism of contraction. Sarcomere as the structural unit of muscle fibers. Electromechanical coupling. Sarcotubular system. The role of calcium in muscle contraction.
Mechanics of skeletal muscles. Types of contraction (tetanus, isometric, isotonic, and auxotonic contractions). Relationship between load and contraction velocity. Types of skeletal muscle fibers.
Control of muscle movement. Muscle strength and work. Muscle fatigue. Oxygen uptake during heavy loads. Control of movements. Motor neuron function. Local reflexes: muscle spindles. Golgi tendon organ. Myogenic activity. Involvement of the central nervous system in controlling muscle movement.
Smooth and cardiac muscles. Contractile characteristics of smooth muscles. Factors affecting smooth muscle contraction. Properties of cardiac muscles.
Topic 4. General Physiology of the Central Nervous System
Nervous system. Central and peripheral nervous systems. Structure and functional elements of a neuron: soma, dendrites, axons. Types of neurons. Mechanisms of interneuronal connections. Types of glial cells. Concept of nerve centers and neural networks. Integration and coordination of excitations in the central nervous system. Summation, occlusion, inhibition, dominant focus. Generation of action potentials in neurons. Inhibition: presynaptic and postsynaptic inhibition, significance of types of inhibition.
Topic 5. Special Physiology of the Central Nervous System
Central nervous system. Spinal cord. Structure of the spinal cord. Autonomic centers in the spinal cord. Spinal reflexes, conductive function of the spinal cord. Brain. Medulla oblongata and pons. Functions of medullary nuclei. Conductive pathways of the medulla oblongata and pons. Functions of the midbrain. Functions of midbrain nuclei. Decerebrate rigidity. Static and statokinetic reflexes. Functions of the cerebellum. Three pairs of cerebellar peduncles. Connections of the cerebellar cortex, basal ganglia, medulla oblongata, and other brain parts. Functions of the diencephalon. Specific and nonspecific nuclei of the thalamus. Role of the hypothalamus in regulating autonomic and thermoregulatory functions and behavior. Hypothalamic-pituitary system. Basal ganglia. Lentiform nucleus. Caudate nucleus. Limbic system.
Electroencephalogram. Sensory zones. Motor zones. Speech zones. Projection zones. Association zones. Electrical phenomena in the cortex. Electroencephalogram. Effect of oxygen and glucose deficiency on the brain.
Topic 6. Physiology of the Autonomic Nervous System
Autonomic nervous system. Reflex arc of an autonomic reflex. Differences between autonomic and somatic reflex arcs. Autonomic ganglia. Characteristics of autonomic nerve fibers and neurotransmitters. Sympathetic, parasympathetic, and metasympathetic nervous systems. Receptors of the autonomic nervous system. Central regulation of the autonomic nervous system. Somatic nervous system. Motor neurons. Regulation of somatic functions.
Topic 7. Higher Nervous Activity. Physiology of Sensations, Memory, and Sleep
Concept of higher nervous activity. Unconditioned reflexes and instincts. Conditioned reflexes. Classification of unconditioned and conditioned reflexes. Basis, conditions, and mechanisms of conditioned reflex formation. Biological significance of conditioned reflexes. Inhibition of conditioned reflexes. Types of inhibition. Specific features of internal and external inhibition. Mechanisms of inhibition. Dominant focus and conditioned reflex. Dynamic stereotype.
Motivation and emotions. Learning (cognition) and memory. Functional basis of learning. Stages of memory. Mechanisms of long-term and short-term memory. Their consolidation. Brain regions associated with memory. Declarative and procedural memory. Working memory. Physiology of sleep and wakefulness. Associative systems of the brain and behavior. Functional asymmetry of the hemispheres. Development of higher nervous activity in ontogeny. Main types of higher nervous activity. Typological features of the human nervous system. I.P. Pavlov's doctrine of the first and second signal systems. Speech activity.
Topic 8. Physiology of the Sensory System
Types of receptors. Receptor potential. Adaptation of receptors. Conductive pathways of afferent signals. Discrimination acuity of signals. Sensation. Pain receptors and pain mechanisms. Visual sensation. Structure of the eye. Light-refracting structures. Accommodation. Phototransduction. Structure of the retina. Cones and rods. Photochemical processes. Electroretinogram. Light and dark adaptation. Eye accommodation, pupil. Theories of color discrimination. Processing of messages by neural elements of the retina. Conductive pathways. Binocular vision. Eye movements. Involvement of the cortex in visual processes.
Topic 9. Auditory, Vestibular, Gustatory, Olfactory, and Skin Analyzers
Hearing and equilibrium sensation. Structure of the ear. Sound waves. Functions of the outer and middle ear. Transduction of sound in the organ of Corti. Sound frequency, timbre, and pitch. Auditory pathways. Vestibular apparatus. Central vestibular pathways. Sensation of body position and movement. Chemical sensation. Taste and smell. Taste receptors. Transduction of taste sensation. Taste discrimination. Olfactory sensation. Transduction of smell. Odor discrimination. Muscular and joint sensation. Muscle spindles. Intrafusal and extrafusal fibers. Golgi tendon organ. Tactile and pressure sensation. Pain sensation. Visceroreception.
Topic 10. Physiology of the Endocrine System. Activity of the Thyroid and Parathyroid Glands
Concept of endocrine glands. Hormones. Hormonal signaling. Classification of hormones based on solubility. Comparative analysis of synthesis, secretion, storage, and transport of peptide and steroid hormones. Action of hydrophilic hormones via secondary messengers. Action of hydrophobic hormones via gene activation. Comparison of neural and hormonal regulation. Hypothalamus and pituitary gland. Hypothalamus and anterior pituitary. Concept of neurosecretion. Hypothalamus and posterior pituitary. Tropic hormones of the anterior pituitary. Endocrine regulation of growth. Factors influencing growth. Hypo- and hyperfunction of the pituitary gland. Pineal gland. Suprachiasmatic nucleus as a biological clock. Functions of melatonin.
Thyroid gland. Structure of the thyroid gland. Thyroid hormones. Hypo- and hyperfunction of the thyroid gland. Parathyroid hormones and calcium metabolism. Importance of free extracellular calcium. Role of bones in calcium exchange. Parathyroid hormone. Calcitonin.
Topic 11. Hormones of the Adrenal and Pancreatic Glands
Adrenal gland hormones. Adrenal cortex. Hypo- and hyperfunctions of the gland. Steroid hormones. Adrenal medulla. Catecholamines. Role of the adrenal glands in stress. Endocrine activity of the pancreas. Metabolism, anabolism, catabolism. Pancreatic hormones: insulin and glucagon. Metabolic effects of other pancreatic hormones. Thymus function. Hormones of the digestive tract. Hormones of peripheral organs and tissues.
Topic 12. Physiology of Blood
Functions of blood. Composition and physicochemical properties of blood. Hematocrit. Composition of plasma. Plasma proteins. Formed elements of blood: erythrocytes, leukocytes, platelets. Structure and function of erythrocytes. Hemoglobin. Erythropoiesis. Leukocytes. Types and functions of leukocytes. Antibodies and antigens. Role of leukocytes in the immune system. Platelets. Structure and functions of platelets.
Hemostasis. Vascular-platelet hemostasis. Coagulation hemostasis. Anticoagulant mechanisms. Innate immunity. Inflammation. Interferon. Natural killer cells. Complement system. Adaptive immunity. Antibody-controlled B lymphocytes. Plasma antibodies. Memory cells. Cell-mediated immunity. Cytotoxic, helper, and regulatory T cells. Antigen-presenting cells. Autoantigens. Immune tolerance to tumors. Immune-related diseases. Blood groups and Rh factor.
Topic 13. Cardiac Physiology
Structure and location of the heart. Heart valves, heart walls. Electrical activity of the heart. Properties of cardiac muscles. Activity of pacemakers. Conduction velocity of excitation in the heart. Membrane potential of cardiac muscles. Refractory period. Electrocardiography.
Phases of the cardiac cycle. Electrical processes, volume, and pressure relationships during systole and diastole. Heart sounds. Regulation of heart function. Indicators of heart function. Heart rate. Systolic and minute volumes of the heart. Nutrient supply to cardiac muscles. Neural and humoral regulation of heart function.
Topic 14. Physiology of the Vascular System
Physical laws of blood flow. Relationship between blood flow, pressure, and vascular resistance. Types of blood vessels. Arteries. Blood pressure. Factors affecting blood pressure. Baroreceptor reflexes. Pressure-related factors affecting vessels. Arterial pulse. Role of arteries in maintaining stable blood pressure. Hypertension. Hypotension. Circulatory shock. Arterioles. Main resistance vessels. Role of arteriolar diameter in regulation. Role of arterioles in cardiac output regulation. Role of arterioles in blood pressure homeostasis. Capillaries. Capillaries as exchange vessels. Diffusion of substances through capillary walls. Characteristics of blood flow in capillaries. Formation and functions of lymph. Veins. Vessels returning blood to the heart. Veins as reservoir vessels. Characteristics of blood flow in veins. Venous blood pressure. Neural and humoral regulation of blood circulation. Innervation of vessels. Center regulating vascular tone. Role of hypothalamus and cortex in regulating vascular tone.
Topic 15. Respiratory Physiology
Structure of the respiratory system. Thoracic cage and pleura. Cellular and extracellular respiration. Mechanics of breathing. Respiratory muscles. Lung and pleural pressures. Respiratory cycle. Resistance of airways. Elasticity of lungs. Lung volumes. Ventilation of lungs and alveoli. Gas exchange: partial pressure. Gas exchange in the lungs. Gas exchange in capillaries.
Gas transport. Transport of oxygen and carbon dioxide by blood. Conditions affecting blood gas content. Regulation of breathing. Respiratory centers in the brainstem. Importance of chemoreceptors and mechanoreceptors in breathing regulation. Regulation of respiratory rate. Chemical factors affecting lung ventilation. Neural and humoral regulation of breathing. Respiratory center. Changes in breathing under various conditions.
Topic 16. Digestive Physiology
Concept of food digestion. Basic digestive processes. General structure of the digestive system. Principles of digestive process regulation. Types of digestion. Digestion in the mouth. Salivary secretion. Composition of saliva. Chewing. Passage of food through the pharynx and esophagus. Swallowing. Stomach. Gastric motility. Gastric secretion. Composition of gastric juice. Digestion in the stomach. Gastric motor activity. Absorption of substances in the stomach.
Topic 17. Digestion in the Small Intestine. Absorption in the Large Intestine
Pancreas and secretion of pancreatic juice. Liver and bile secretion. Role of pancreas and liver in digestion. Secretion of pancreatic and bile juices and their regulation. Small intestine. Processes of luminal and membrane digestion in the intestine. Composition of intestinal juice. Motility of the small intestine.
Absorption processes in the small intestine. Regulation of small intestine function. Large intestine. Secretion of the large intestine. Motility of the large intestine. Absorption in the large intestine. Microflora. Composition of feces and defecation. Regulation of large intestine function. Gastrointestinal hormones. Integration of neuromediator and hormonal factors. Hunger. Satiety. Thirst. Appetite.
Topic 18. Metabolism and Energy Exchange
Metabolism and energy exchange. Stages of metabolism and energy exchange. Types of metabolism: protein, carbohydrate, lipid metabolism, mineral salts and water exchange, sodium, potassium, calcium, and phosphorus metabolism.
Vitamins and their importance in metabolism. Basal metabolism. Respiratory quotient and its significance. Formulating a diet. Problems of protein optimum. Undernutrition, overnutrition, their causes and consequences. Eating regimen. Nutrients. Caloric coefficients of food products. Food proteins. Food lipids. Food carbohydrates.
Topic 19. Physiology of Excretion
Histostructure of the kidneys. Main processes in the kidneys. Urine formation. Glomerular filtration. Filtration pressure. Factors affecting filtration pressure. Renal blood flow. Filtration fraction. Reabsorption in tubules. Transepithelial transport. Comparison of passive and active transport in tubules. Active reabsorption of Na+ ions and its regulation. Secondary active transport of glucose and amino acids. Transport maximum and threshold. Reabsorption of PO43-, Ca2+, H+, Cl-, and H2O. Secretion in tubules. Secretion of H+, K+, and organic ions. Urine excretion and plasma clearance rate. Excretion and countercurrent medullary system. Regulation of water reabsorption by vasopressin. Renal failure.
Topic 20. Neural and Humoral Regulation of Kidney Function
Neural and humoral regulation of kidney function. Composition of the internal environment. Regulation of entry and excretion of various substances. Volume of interstitial fluid. Regulation of salt transport. Importance of extracellular volume regulation. Osmolality of extracellular fluids. Regulation of extracellular fluid composition and volume. Water balance. Acid-base balance, pH. Consequences of changes in blood reaction. Sources of hydrogen ions. Buffer systems. Involvement of lungs and kidneys in maintaining acid-base balance.


III. GUIDELINES AND RECOMMENDATIONS FOR LABORATORY SESSIONS
Recommended topics and instructions for conducting laboratory sessions:

Laboratory 1. Introduction to methods and equipment used in physiological experiments.
Laboratory 2. Preparation of a nerve-muscle preparation in a frog. Observation of bioelectric currents: Familiarization with Galvani's 1st and 2nd experiments (resting current) and Matteucci's experiment (action current).
Laboratory 3. Observation of spinal cord reflexes. Observation of spinal reflexes under the influence of various stimuli. Composition and types of the reflex arc. Importance of the integrity of the reflex arc (Experiments conducted on a frog).
Laboratory 4. Irradiation of excitation in the central nervous system. Processes of summation of excitations in nerve centers.
Laboratory 5. Special physiology of the nervous system. Spinal reflexes. Sechenov's experiment - processes of central inhibition.
Laboratory 6. Testing reflex reactions in humans. Spinal reflexes. Knee and Achilles reflexes.
Laboratory 7. Observation of autonomic reflexes. Dagnini-Aschner, Goltz, Hering experiments.
Laboratory 8. Structure of analyzers (eye, ear). Determination of visual acuity. Determination of the visual field. Determination of the visual field for different colors.
Laboratory 9. Determination of the blind spot. Mariotte's experiment.
Laboratory 10. Higher nervous activity. Determining the volume of short-term auditory memory in humans.
Laboratory 11. Methods of blood examination. Blood sampling technique. Obtaining blood plasma and serum. Determination of hematocrit.
Laboratory 12. Determination of hemoglobin amount in blood using the Sali method.
Laboratory 13. Determination of erythrocyte sedimentation rate using the Panchenkov method.
Laboratory 14. Counting erythrocytes and leukocytes among the formed elements of blood using the Goryaev counting chamber.
Laboratory 15. Determination of blood groups.
Laboratory 16. Physiology of blood circulation. Familiarization with and drawing the blood circulation circles. Recording heart contractions (in a frog).
Laboratory 17. Morphofunctional characteristics of the circulatory system. Structure of blood vessel walls. Determination of arterial pressure and pulse.
Laboratory 18. Conduction system of the heart. Comparison of the conduction system of frog and human hearts. Stannius experiment. Analysis of the cardiac conduction system.
Laboratory 19. Listening to heart sounds in humans, separate auscultation points for heart valves.
Laboratory 20. Calculation of functional indicators of respiratory organs. Pneumography. Lung ventilation. Testing the duration of apnea before and after hyperventilation.
Laboratory 21. Determination of lung vital capacity.
Laboratory 22. Observation of inhalation and exhalation mechanisms using Donders' model.
Laboratory 23. Physiology of digestion. Observation of starch breakdown under the action of salivary amylase. Composition and properties of gastric juice. Enzymes. Effect of bile on fats.
Laboratory 24. Determination of basal metabolism using tables and Reed's formula. Creating a dietary ration. Main principles of creating a dietary ration. Creating dietary rations for people of different professions.
Laboratory 25. Study of diuresis composition in an acute experiment.
IV. INDEPENDENT STUDY AND ASSIGNMENTS
Independent Study Tasks
1. Prepare analytical material on the mechanisms of information encoding.
2. Describe the causes/types and functions of neuroglia cells.
3. Analyze G. Selye's teaching on stress and distress.
4. Describe the causes/mechanisms of memory.
5. Represent functional asymmetry and memory graphically.
6. Collect information on the phylogeny of the digestive system.
7. Describe the causes of the phylogeny of the respiratory system.
8. Prepare analytical material on the phylogeny of the excretory system.
9. Collect information on the skin, taste, and olfactory analyzers.
10. Collect information on problems of hypodynamia and hyperdynamia.
11. Prepare a table on the physiological basis of immunodeficiency.
12. Collect information on the developmental features of the sensory system.
13. Prepare analytical material on the physiological basis of diabetes mellitus types.
14. Represent the adaptive properties of red blood cells graphically.
15. Prepare analytical material on problems of hypodynamia and hyperdynamia.
16. Represent the features of the visual and auditory organs graphically.
17. Prepare a table on the endocrine glands.
18. Prepare analytical material on the formation and defects of posture.
19. Describe the causes of the circulatory system.
20. Prepare a table on the respiratory system.
Guidelines and responsibilities for independent study in the course
When completing independent study assignments, students are required to:
a) Actively work with textbooks and study materials to gain a deep understanding of the topics covered.
b) Prepare in advance for lectures, practical and seminar sessions, as well as assessments (tests and exams), and use time efficiently.
c) Submit each independent study assignment within the specified deadlines.
d) Understand and comply with the rule that assignments submitted after the deadline will not be accepted.
e) Be aware of and avoid plagiarism when completing independent study tasks.
Independent study assignments for the course are recommended to be completed using the principle of alternative options:
1. Prepare an analytical report (essay) on the topic.
2. Prepare an analytical presentation on a specific topic.
3. Find a solution to a given problem and analyze it.
4. Conduct an in-depth analysis of a given problem, providing definitions and conclusions.
5. Study a given topic thoroughly and analyze it at an advanced level.
6. Develop practical problem-solving skills by working on projects, preparing tests, discussion questions, and assignments to find solutions to existing practical issues.
7. Prepare a scientific article, thesis, or lecture material.
8. Solve non-standard practical problems creatively.
Independent study assignments are assessed during practical sessions and are taken into account in interim assessments.
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	V. Learning outcomes / Professional competencies
[bookmark: _GoBack]Upon successful completion of the discipline Human and Animal Physiology at the bachelor’s level, the student will demonstrate an understanding of the vital functions of organisms, be able to analyze and compare physiological processes in humans and animals, and apply foundational physiological concepts in biological, medical, and educational contexts.

	4.
	VI. Teaching technologies and methods
· Lectures
· Interactive case studies
· Practical sessions
· Group work
· Presentations
· Individual projects
· Team projects and their defense
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	VII. STUDY AND EXAMINATION REQUIREMENTS
Credits allocated for the course are awarded to students only upon achieving positive results in the assessment types for each semester.
Assessment Types: 
Student knowledge is evaluated through interim (IN) and final (FN) assessments. Grades are assigned according to the following scale: 5 – “Excellent”,  4 – “Good”, 3 – “Satisfactory”, 2 – “Unsatisfactory”.
Grading Criteria:
ECTS A (5): The student demonstrates excellent and deep systematic knowledge of human and animal physiology. The structure, composition, dynamics, classification, and ecological regularities of human and animal physiology are clearly, logically, and scientifically substantiated. The student independently and correctly applies theoretical knowledge in geobotanical analysis, human and animal physiology description and practical situations, shows critical and creative thinking, and performs all tasks at a high scientific and methodological level.
ECTS B (4): The student demonstrates good and sufficient knowledge of human and animal physiology. Basic concepts, terms, and processes related to human and animal physiology are understood and applied correctly, however, some analyses may lack depth or accuracy. Geobotanical descriptions and practical assignments are mainly performed correctly, and learning outcomes are generally achieved. 
ECTS C (3): The student meets the minimum educational requirements of the human and animal physiology module. The basic concepts of human and animal physiology are limited and partially superficially mastered. Despite the fact that there are significant shortcomings in practical analysis, classification, and environmental assessment, the main results in science have been achieved.
ECTS D (2): The student does not meet the minimum requirements of the human and animal physiology module. The necessary knowledge, skills, and competencies on the structure, types, dynamics, and ecological factors of human and animal physiology are not demonstrated. Geobotanical and human and animal physiology tasks were not performed or were performed incorrectly, did not meet the evaluation criteria.
Interim Assessment: Conducted once per semester in written form.
Students are regularly evaluated during practical (seminar, laboratory) sessions throughout the semester. Performance in these sessions, as well as the timely and complete completion of independent study tasks and participation in class activities, is taken into account for the interim assessment.
Grades from practical sessions and independent study assignments are averaged with the interim assessment grade and recorded officially.
A student who receives an unsatisfactory grade or misses the interim assessment without valid reason may retake it only once before the final assessment.
Final Assessment: Conducted in written form at the end of the semester according to the approved schedule.
Written. When developing the final assessment versions, it is necessary to strictly adhere to the requirements specified in the provided sample. Each version must include five questions: two questions (40%) based on classroom activities and three questions (60%) based on independent study. The number of versions depends on the number of students, as an individual version is assigned to each student.
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