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I. Homeostasis



II. Cell Membrane Transport Mechanisms



PHYSIOLOGY OF THE CELL OBJECTIVES CONTENT 1. Explain the importance of maintaining Review structure of the cell constant the conditions in internal Intracellular vs. extracellular fluid compartment environment. 2. Define homeostasis. Examples of physiologic variables and their mechanism of regulation. 3. Describe the mechanism of a negative Diagram of closed loop control mechanism. feedback system. Components of feedback system “Gain” in efficiency of control systems Ex. Blood pressure regulation Thermoregulation 4. Explain how the change in positive feedback Diagram system can be useful, and potentially harmful. Ex. Blood clotting Parturition Hemorrhagic shock 5. Describe feed-forward control system Diagram Examples 6. Describe the different mechanisms of cellular Transmitter substances/ligands communication. Membrane receptors Types of cell communication: autocrine, paracrine, endocrine, nervous 7. Explain how different mechanisms of cell Integration of function of organ systems: CVS, communication integrate function of the respiratory system, GI system, renal system, endocrine various organ systems. and nervous systems 1. Review the structure of the cell membrane Lipid bilayer Integral & peripheral proteins Glycoproteins, cholesterol 2. Describe the permeability property of the cell Water soluble v. lipid soluble substances membrane based on its structure. Ex. Water, O2, CO2, glucose, Na+, K+ 3. Describe passive transport mechanism, e.g. Factors affecting rate of diffusion diffusion Fick’s law 3



4.



Describe and differentiate facilitated diffusion.



5. Describe the different active transport mechanisms.



6. Describe total body water and the fluid compartments of the body.



7.



III. Cell Signaling



Describe other mechanisms of transport of material into the cell.



1. Describe and compare the different types of intercellular communication. 2. Define receptors and explain their characteristics. 3. Enumerate the types of receptors according to their activity and function.



4.



Describe the different types of transduction mechanisms as determined by the structure of the ligand. 5. Enumerate the cellular responses



6.



Enumerate the common second messengers and describe their activity/function.



Na+ channel, K+ channel Saturation characteristics Primary active transport systems Ex. Na+ K+ ATPase Secondary active transport systems Ex. Na+- glucose symport Na+ - Ca++ exchanger Total body water, ICF & ECF, interstitial fluid & blood/plasma Osmolarity/osmolality, tonicity Donnan effect Endocytosis, pinocytosis, phagocytosis Clathrin mediated endocytosis Exocytosis Gap junction Synapse Endocrine Receptors, location o Cell-membrane o Cytoplasm o Nucleus Characteristics Regulation Ligands/chemical messengers Mechanism for:  Lipid-soluble messengers  Water-soluble messengers o Ion channel- linked R o G-protein coupled R o Enzyme linked/catalytic R > cAMP > cGMP 4



7. Describe the importance of signal transduction in the pathophysiology of specific diseases.



> IP3 > DAG > Ca++ Cholera Pertussis Penile erectile dysfunction
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ELECTROPHYSIOLOGY CONTENTS



I. Resting Membrane Potentials and Action Potentials



OBJECTIVES GIO: To understand the electrophysiological basis of cellular excitability of nerves and muscles.



SB01: Discuss the resting membrane potential (RMP).



SB02. Discuss the genesis and termination of the action potential (AP).



Terminologies and mechanisms: a. Genesis of the resting membrane potential b. Role of ions in the genesis of RMP c. Diffusion of ions; membrane permeability of Na, K+, K+ d. The Na+ -- K+-ATPase or Na+-K+ pump e. Importance of the RMP a. Different kinds of stimuli b. Stages or phases of the AP c. Ionic basis of the AP



SB03. Discuss the various phases of the excitability cycle with the different phases of the action potential. SBO4. Discuss the transmission of the impulse along the nerve fiber.



a. Absolute refractory period b. Relative refractory period c. Importance of these phases of excitability a. Characteristics of impulse formation b. Decrementless (All-or-None Law) c. Self-regenerative



SBO5. Discuss saltatory and nonsaltatory (continuous) types of conduction of nerve impulses. SBO6. Discuss the different nerve fiber types based on conduction velocity and give the function of each type. SBO7. Discuss the factors that affect nerve conduction velocity.



a. Characteristics of each type b. Importance of each type a. The different fiber types b. Conduction velocity of each type c. Function of each type a. Energy sources b. Metabolism of nerves c. Diameter of nerve fibers
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II. Synapses and Synaptic Transmission



GIO: To understand the physiology of synapses and synaptic transmission



SBO1. Discuss the functional anatomy of synapses.



SBO2. Discuss by simple diagram the different types of inhibition.



SBO3. Discuss the electrical events occurring during neuronal excitation



a. Types of synapses b. Description of presynaptic terminal and post-synaptic neuron or cell. c. Characteristics which differentiate synaptic transmission from conduction along peripheral nerve. d. Physiologic significance of synaptic transmission. a. Direct or postsynaptic inhibition b. Presynapitic inhibition c. Indirect inhibition or occlusion d. Renshaw cell or collateral or recurrent inhibition e. Disinhibition a. RMP of neuronal soma b. EPSP-IPSP c. Generation of the AP d. Neurotransmitters and their roles -ACH, NE, GABA, Dop, Gly,G lu, 5-HT, Hist
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OBJECTIVES



MUSCLE PHYSIOLOGY CONTENTS



GIO: Understand the physiology of muscle contraction and relaxation.



SBO1. Discuss the functional anatomy of the skeletal, cardiac and smooth muscles, with emphasis on skeletal muscles. SBO2. Describe the elements of the skeletal muscle fiber.



SB03. Discuss the micro-anatomy of the sarcomere as the basic functional unit of muscle contraction.



SB04. Discuss the steps involved in excitation-contraction coupling SBO5. Discuss the sliding filament theory of muscle contraction (cross-bridge or rachet theory)



a. Skeletal muscles b. Cardiac muscles c. Smooth muscles a. Contractile proteins b. Actin c. Myosin d. Regulatory proteins e. Troponin f. Troponin-T g. Troponin- I h. Troponin- C a. T-tubule b. sarcoplasmic reticulum c. DHRP receptor d. Ryanodine receptor e. Calcium pump in SR f. the myofilaments a. Steps in contraction b. Steps in relaxation a. Discuss the important role of Ca++ . b. Discuss the role of the regulatory proteins Troponin I-, Troponin-T, Troponin- C c. Discuss the role of ATP and its hydrolysis in the chemical reactions between actin and myosin



8



SBO6. Discuss the different kinds of contractile responses. SBO7. Discuss the two basic types of muscle contraction. SB08. Discuss the factors that affect muscle contraction.



SBO9. Discuss terms related to muscle contraction.



a. Simple muscle twitch b. Incomplete tetanus c. Complete tetanus a. Isotonic contraction b. Isometric contraction. a. Load b. Velocity c. Tension d. Muscle length e. Strength of stimuli f. Frequency of stimulation a. Treppe phenomenon b. Muscle fasciculation c. Muscle fibrillation d. Atrophy/ hypertrophy
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AUTONOMIC NERVOUS SYSTEM AND THE VEGETATIVE FUNCTIONS OF THE HYPOTHALAMUS OBJECTIVES CONTENTS 1. State the differences between the a. Differences in the afferent pathways of the ANS and SNS autonomic (ANS) and somatic nervous b. Differences in the efferent pathways of the ANS and SNS system (SMS) 2. Discuss the general organization and a. Autonomic outflow physiological anatomy of the b. Characteristics of the pre- and post- ganglionic fibers parasympathetic and sympathetic c. Chemical neurotransmitters nervous system d. Effector organs 3. Discuss the various steps in the formation and degradation of each specific chemical mediators like acetylcholine, norepinephrine, and epinephrine 4. Discuss the mechanisms of action of neurotransmitters of the post-ganglionic neurons 5. Discuss the different types of cholinergic and adrenergic receptors and give their effects on specific organs 6. Introduce briefly the different hypothalamic centers that control vegetative functions



a. synthesis b. metabolism c. site of degradation



a. binding with receptor proteins c. second messenger mechanisms a. types of receptors b. effects of autonomic nervous control in different organ systems a. b. c. d.



integrating areas of the hypothalamus appetitive behavior (thirst, hunger, sexual behavior) defensive reactions temperature regulation
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BLOOD PHYSIOLOGY OBJECTIVES CONTENT 1. Describe the different components of Discuss the different blood components will be introduced including blood and their functions the cells, proteins and other chemicals. Their corresponding functions will be discussed 2. Explain the regulation (production and Discuss the site and triggers for red blood cell production will be destruction) of red blood cells. discussed as well as the pathways for which they are destroyed 3. Describe the characteristics of rbc, Discuss the basic structure of the red blood cell and the molecular hemoglobin (Hb) and their relation to structure of hemoglobin. The relationship of this structure to function function. 4. Enumerate and explain some rbc Discuss the pathologic forms of hemoglobin and red blood cells. The abnormalities effects of the pathologic forms to the overall functioning of the body 5. Enumerate the different common Complete blood counts. Level of hemoglobin, hematocrit, white blood blood tests and indices used in the clinics. cells and platelet counts 6. Explain the ABO and Rh blood group Discuss the different categories of blood typing. Importance of the ABO systems. antigens and the Rh antigen 7. Explain what happens during Discuss compatibility between blood types and the Effects on the body transfusion reactions during a transfusion reaction. 8. Describe the events in blood Discuss the different steps in coagulation starting from the injury to coagulation. wound healing 9. Describe the different anti-clotting Discuss the different natural mechanisms of anti-coagulation as well as mechanisms. the medical therapeutic uses of anti-coagulation
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IMMUNOLOGY OBJECTIVES CONTENTS 1. Describe the origin of white blood cells Discuss the white blood stem cells and the lineage of differentiation (WBC). 2. Enumerate the function of the Discuss the different types of WBC and the corresponding functions different types of WBC 3. Describe the process of phagocytosis Discuss the mechanisms involved in phagocytosis as well as the different phagocytic cells 4. Describe the events in inflammation Discuss the events taking place during the inflammatory process, from initial insult up to the resolution of infection 5. Explain the abnormalities in WBC Discuss the different abnormalities in WBC and the clinical consequences of such 6. Describe some components of innate Discuss the different aspects of innate immunity such as physical and immunity chemical barriers 7. Differentiate between innate & Discuss the difference in terms of specificity, triggers, and immunologic acquired immunity memory 8. Explain specificity of response in Discuss the role of antigens and the development of specific immunity acquired immunity towards the antigen 9. Explain the application in vaccination Discuss the formation of immunity from a shot of antigens through vaccination 10. Describe the humoral immune Discuss the activation of B-cells, formation of plasma cells and response production of antibodies 11. Describe cellular immunity Discuss the activation of T-cells and differentiation into specific cytotoxic T cells and T helper cells 12. Describe the immunity in organ Discuss the concepts of HLA matching and the mechanisms involved in transplantation transplant rejection 13. Explain some disorders in immune Discuss immune deficiency syndromes and their clinical consequences response



12



I. Mechanics of Breathing



PHYSIOLOGY OF THE RESPIRATORY SYSTEM OBJECTIVES CONTENT 1. Enumerate the functions of the respiratory system. 2. Review the functional anatomy of the - the alveolar-capillary unit respiratory tract. - the airways - the muscles of respiration - the different compartments in the thorax - pulmonary circulation - innervation of the airways 3. Review of the physical gas laws. - Boyle’s law/ Charles’ law/ universal gas law - Dalton’s law/ Henry’s law - Concept of partial pressures 4. Discuss blood oxygen concentration. - properties of hemoglobin - oxygen-hemoglobin dissociation curve 5. Describe the different lung volumes - Define: alveolar ventilation and capacities. - Determine: tidal volume, inspiratory/expiratory reserve volumes, residual volume, total lung capacity, functional residual capacity 6. Describe the concept of dead space in - Differentiate anatomic dead space from physiologic dead space ventilation. 7. Describe the generation of pressure - distensibility/ compliance gradient between the atmosphere and - elastic recoil of the lungs the alveoli. - deflation pressure-volume curve of the lungs - distensibility and elastic recoil of the chest wall 8. Describe the role of surfactant in - the concept of surface tension respiration. - secretory cells - factors affecting secretion acute respiratory distress syndrome (ARDS) 9. Describe the pressure-volume and - Pressure in the intrapleural space airflow changes that occur during the - pressure, airflow and volume changes in the alveolar space breathing. 10. Describe the character of airflow in - airway resistance the airways. - factors that influence airway resistance 13



11. Discuss the work of breathing.



12. Explain some of the common pulmonary function tests. II.Ventilation/Perfusion 1. Enumerate the types of circulation in Ratios the lungs and differentiate as to their function. 2. Differentiate the pulmonary circulation from the systemic circulation. 3. Describe the development of pulmonary edema. 4. Describe the gradient of blood flow in the lungs.



5. Describe the regulation of pulmonary blood flow.



6. Describe the varying extent of ventilation across the lungs.



7. Discuss the different ventilation/perfusion ratios across the lungs.



- neurohumoral substances that affect airway resistance ASTHMA Define/describe: - elastic work - resistive work - oxygen cost/ efficiency of breathing Spirometry FEV (1,2) - Pulmonary circulation - Bronchial circulation Compare and contrast as to: - pressures - volume Role of Starling’s forces in the lungs Factors affecting the distribution of blood flow in the upright lung: - gravity - pulmonary arterial / venous pressures - alveolar pressure - transmural pressure 3 lung zones Factors affecting blood flow: - longitudinal distribution of resistance across the lung - passive regulation (recruitment / distention) - active regulation (PAO2, NO, thromboxane, prostacyclin) Factors which are responsible for varying ventilation: - nature of support on the lung parenchyma - position (upright/supine) Their effects on compliance and functional residual capacity Different (V/Q) ratio Their implication on actual extent of gas exchange
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III.Gas Transport in the 1. Enumerate and define the different Lungs and Tissues types of hypoxia. 2. Describe oxygen transport in the blood.



3. Describe the mechanism of delivery of oxygen to the tissues. 4. Describe the transport of carbon dioxide from the tissues to the blood.



IV. Control of Respiration



5. Describe the process by which venous blood is rid of carbon dioxide in the lungs. 1. Identify the different centers in the CNS involved in the control of breathing and describe their effects.



2. Describe the mechanism by which respiratory gases can affect the rate and depth of breathing. 3. Describe and explain some abnormal respiratory patterns. 4. Describe the mechanism for activities after breathing.



5. Explain the mechanism for some reflexes affecting breathing.



- hypoxic / stagnant / anemic / histotoxic - Review Dalton’s law - The oxygen carrying capacity of the blood - Properties of hemoglobin - Oxygen-Hemoglobin dissociation curve (OHDC) - Transport of oxygen from the across the alveolar epithelium - Partial pressures of oxygen in arterial blood and in the tissues - Bohr effect - Partial pressures of carbon dioxide in the tissues and in the blood. - Forms of carbon dioxide transport - Chloride-shift - partial pressures of carbon dioxide in venous blood in the lungs and in the alveolar sac - Haldane effect cortex medullary respiratory center - Nucl Tractus solitarius - Nucl retroambiguus Pons -pneumotaxic center - chemoreceptors (peripheral and central) - effects of oxygen, carbon dioxide, and pH Cheyne-Stokes breathing Kussmaul breathing Biot’s breathing Sleep apnea Snoring Cough/sneeze Exercise Effect of altitude Mechanical receptors (stretch, c-fibers) Hering-Breuer reflex Diving reflex 15



I. Biophysics of the Circulation



PHYSIOLOGY OF THE CARDIOVASCULAR SYSTEM OBJECTIVES CONTENT Describe the characteristics of the Capacities and percentage distribution of blood in the vascular tree vascular system Cross-sectional area of the vascular tree Blood pressure in the vascular system Velocity of blood flow in the different vessels



Discuss the factors regulating blood flow: Poiseuille’s equation



Resistance to blood flow in the different blood vessels Pressure difference between the two ends of a tube Viscosity of blood Radius of the tube



Length of the tube Distiguish between laminar and Types of flow turbulent flow and the factors affecting each Factors affecting flow Give the relationship between velocity of Velocity of flow in flow and vessel cross-sectional area  Arteries  Capillaries  Veins Significance of the relationship between velocity of flow and crosssectional area Discuss briefly the Law of Laplace and Bernoulli’s principle



Law of Laplace Bernoulli’s principle
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Explain the mechanism of critical closing pressure in blood vessels and the various factors which may influence it II. Electrophysiology of Recognize the action potentials the Heart produced in the different parts of the heart



Mechanisms of critical closing pressure Factors affecting critical closing pressure SA node AV node Atria Purkinje cells



Discuss the basic properties of the heart and the different factors affecting each



Define the refractory period of the heart and differentiate its phases and give the clinical significance of each



Explain why the SA node is the primary pacemaker of the heart. Enumerate the secondary pacemakers of the heart



III. Electrocardiogram



State the uses of the ECG



Ventricles Properties of the heart:  Automaticity  Excitability  Contractility  Conductivity Factors affecting each of the properties Refractory periods:  Absolute refractory period  Relative refractory period  Supernormal period of excitability Difference between the refractory periods in the different parts of the heart Clinical significance of the refractory periods Characteristics of the SA node Secondary pacemakers  AV node and its characteristics  Atria and ventricles and their characteristics Abnormalities of rate and rhythm Abnormalities of impulse conduction 17



Electrolyte abnormalities Chamber enlargement



Enumerate the leads used in conventional ECG and explain the principles involved in these leads



Discuss the electrophysiology of the heart



Describe the different waves, intervals and segments of the ECG



Myocardial injury Leads used in the convential ECG:  Bipolar limb leads  Precordial leads  Augmented limb leads Principles involved in the different leads Factors involved in the genesis of the ECG Different deflections produced by depolarization and repolarization in a muscle strip  Single muscle strip  Double muscle strip  Muscle strips of equal size  Muscle strips of unequal size ECG complexes:  P wave  Q wave  R wave  S wave  U wave Normal interval values:  R-R interval  QRS duration  P-P interval  Q-T interval  P-R interval Normal segments and junctions:  P-R segment 18



Explain the derivation of the cardiac vector



 RS-T junction  S-T segment Measurement of time and voltage in the grid The Einthoven triangle Manner of deriving the cardiac vector



Describe the normal ECG tracing



IV. Mechanical Activity State the different phases of the cardiac of the Heart cycle



Importance of the cardiac vector Appearance of the tracing using the 12 leads:  Position of the waves  Amplitude of the waves  Duration of the waves and intervals Data derived from the ECG tracing:  Heart rate  Position of the heart  Cardiac rhythm  Cardiac vector Systolic phase:  Isovolumetric contraction  Rapid ejection  Slow ejection  Protodiastole



Diastolic phase:  Isovolumetric relaxation  Rapid filling  Slow filling  Atrial systole Explain the important changes that occur Pressure changes in the heart chambers and blood vessels in each of the phases of the cardiac cycle Blood volume changes
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Valvular activity



Give the characteristics and causes of the different heart sounds



Locate where the different heart sounds are transmitted and heard best Distinguish normal from abnormal heart sounds V. Regulation of the Define some terms related to the cardiac Heart cycle and regulation of cardiac output



Heart sounds Characteristics of heart sounds:  Timing  Duration  Pitch  Intensity Genesis of heart sounds:  Closure of valves  Inrush of blood  Vibration of myocardial and vessel walls Anatomic valvular areas Clinical valvular areas Valvular lesions that cause specific abnormal heart sounds Circulatory dynamics in valvular disease End-diastolic volume End-systolic volume Stroke volume Ejection fraction Cardiac output Preload Afterload
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Enumerate and explain briefly the factors that will influence myocardial contractility



Effect of the autonomic nervous system Changes in cardiac rate and rhythm (force-frequency relation) Initial length of cardiac muscle fiber (Frank-Starling’s Law of the Heart)



Explain the basic factors that determine cardiac output



Enumerate other factors affecting cardiac output



Conditions such as hypoxia, hypercapnea and acidosis Heart rate  Factors affecting heart rate  Effect of heart rate on cardiac output Stroke volume  Factors affecting stroke volume  Effect of stroke volume on cardiac output Temperature Ions



VI. Peripheral Circulation



Define Blood pressure



Heart pathology Systolic blood pressure Diastolic blood pressure Mean arterial pressure



Name the indirect methods of determining blood pressure and the principles involved in each



Discuss the major factors that affect blood and pulse pressures



Pulse pressure Palpatory method Auscultatory method



Cardiac output Total peripheral resistance 21



Explain the effect of other factors on the blood pressure



Age Sex Body build and weight Body position Emotion Exercise



Discuss the mechanisms involved in the regulation of blood pressure



digestion Neural control Hormonal control Renal control



VII. The Microcirculation



Understand the dynamics of the microcirculation



Autoregulation or local control Components of the microcirculation Characteristics of blood flow through the microcirculation and their physiologic significance



Understand the dynamics of the lymphatic system VIII. Special Circulations A. Coronary Circulation



Describe the functional anatomy of the coronary circulation and the different unique features of the coronary circulation



Factors influencing transcapillary fluid movement Differentiate between blood and lymph Explain the factors that influence lymph formation and flow Anatomy of the coronary circulation
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Describe the different factors that help in the regulation of coronary blood flow



Perfusion pressure Systolic compression forces Local metabolic factors



Describe the autonomic nervous control of the coronary vessels Describe the coronary collateral circulation and its significance B.



Skeletal Muscle Circulation



Describe the sympathetic control of muscle blood flow Enumerate the various circulatory adjustments with exercise



Effect of myocardial oxygen consumption Effect on coronary resistance Effect on myocardial oxygen consumption Coronary collateral circulation Significance of the collateral circulation Sympathetic control of muscle blood flow Change in cardiac output Change in resistance and distribution of blood flow



C. Cutaneous Circulation



Describe the functional anatomy of the cutaneous circulation Describe the autonomic nervous control of the cutaneous vessels



Change in oxygen extraction Functional anatomy of the cutaneous circulation Autonomic nervous control of cutaneous vessels
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I. Regulation and Motility



PHYSIOLOGY OF THE GASTROINTESTINAL TRACT OBJECTIVES CONTENTS 1. Review the nervous innervations of Enteric nervous system: the GI tract. Autonomic nervous system 2. Describe the organization of the Submucosal plexus/Myenteric plexus enteric nervous system. Sensory neurons, interneurons 3. Describe the effects of important GI Gastrin hormones. Cholecystokinin,secretin Somatostatin, motilium 4. Describe the mechanism of Function of mastication mastication. Voluntary & reflex components 5. Describe the mechanism of Phases of swallowing swallowing. Swallowing center 6. Describe the motility in the Primary esophageal peristalsis esophagus. Secondary esophageal peristalsis Function & activity of the gastroesophageal sphincter 7. Describe the regulation and motility Receptive relaxation in the stomach. Gastric peristalsis & BER Gastric retropulsion, Gastric emptying 8. Describe motility in the intestines. 9. Describe motility in the colon.



10. Describe the mechanism for some gastrointestinal reflexes. 11. Describe mechanism in abnormal motility in the gastro-intestinal tract. II.Secretion & Digestion/Absorption



1. Describe the secretion in the salivary glands and its regulation.



Peristalsis, Segmentation Migrating myoelectric complex, MMC Haustral movement Mass peristalsis Defecation Gastro-colic reflex Activity of the ileocecal valve Ileus Vomiting Diarrhea/Constipation Function of saliva Compositiion of saliva Autonomic innervation
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2. Describe the regulation of secretion in the stomach.



3. Describe the regulation of secretion in the exocrine pancreas.



4.



Describe the secretion of bile.



5. Describe the secretion in the intestines. 6. Describe the digestion & absorption of carbohydrates.



7. Describe the digestion & absorption of proteins. 8. Describe the digestion & absorption of lipids.



Function of gastric secretion Secretion of acid & pepsin Phases of gastric secretion Hormonal & nervous regulation Peptic ulcer disease Function of pancreatic secretion Components of pancreatic secretion Cholecystokinin & secretin Phases of pancreatic secretion Pancreatitis Function of bile Components of bile Activity of the gallbladder Cholecystokinin & secretin Enterohepatic recirculation Gallstones Function Electrolytes & mucin Salivary & pancreatic amylase Intestinal dissacharidases Na-symport Lactose intolerance Gastric pepsin Pancreatic proteases Specific transporters Salivary lipase Pancreatic lipase Chylomicrons & bile
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Introduction of the topic



RENAL PHYSIOLOGY Help the students understand the relevance of the topic to their future role as primary health care provider



Identify the functional anatomy of the nephron



Give the specific function of the different parts of the nephron which contribute to the regulatory functions of the kidney



Identify the different data included in a urinalysis result Vascular and tubular components of a nephron Enumerate the different types of nephron, give the characteristics of each Describe the renal blood circulation Describe renal innervation Identify the part involved in glomerular Filtration Discuss the mechanisms of filtration What are the substances involved What is Net Filtration Pressure Discuss GFR & give the factors affecting it



Tubular Reabsorption Identify the parts involved Discuss the mechanics of Reabsorption Transport mechanism used What are the substances involved Define and discuss Transport Maximum (TM) What is threshold Tubular Secretion Identify the part Discuss the mechanisms of secretion What are the substances involved What is plasma Clearance How is it calculated When is it equal to GFR When is it less than the GFR 26



Identify and discuss the role of the kidneys in the maintenance of fluid volume and hydrogen ion concentration in the body Define micturition reflex and give the different components of the reflex arc Briefly summarize the relationship between endocrine and renal system in water and electrolytes handling



Countercurrent Concentration of urine What are the parts involved in countercurrent multiplication and exchange Discuss the countercurrent mechanism How is concentrated urine formed Describe the three secretory mechanisms that the kidney employs to regulate the acid-base equilibrium of the body Renal handling of bicarbonates and chlorides Exchange of H+ ions in the tubular cells for Na Role of carbonic anhydrase Explain how micturition reflex operate
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FLUID AND ELECTROLYTE BALANCE ACID-BASE METABOLISM OBJECTIVES CONTENTS GIO: To understand the physiology of water and electrolyte metabolism and the maintenance of pH balance SBO1: To state the body fluid 1. Body fluid compartments: distribution and its electrolyte 1.1 intracellular fluid (ICF) concentration 1.2 extracellular fluid (ECF) - intravascular - interstitial 2. Electrolyte concentration: 2.1 intracellular 2.2 extracellular SBO2: To explain the effect of electrolyte 1. Movement of water between: concentration on fluid distribution 1.1 the ICF and ECF 1.2 the intravascular and interstitial compartments 2. Movement of electrolytes between the ECF and ICF SBO3: To explain the control systems Control of: affecting the fluid and electrolyte 1. blood volume balance 2. ECF volume 3. ECF Na+ concentration 4. K+ balance SBO4: To explain the regulation of volume & electrolyte composition in the different fluid compartments



1. The role of: 1.1 ADH 1.2 Renin-angiotensinaldosterone system 2. The integration of ADH and RAA system
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SBO5: Enumerate and explain the defect in some abnormal conditions related to fluid/ electrolyte imbalance SBO6: Define and differentiate some terms related to pH



SBO7: Describe the regulation of H+ ion concentration



SBO8: Explain and differentiate the different acid-base disturbances



1. Water intoxication / Overhydration 2. Dehydration 3. Edema 1. Acid / base 2. Strong / weak acid 3. Strong / weak base 4. Buffer 1. Buffer mechanisms: 1.1 Henderson-Hasselbach eq’n 1.2 Bicarbonate buffer 2. Role of respiration 3. Renal mechanisms: 3.1 alkalinization 3.2 acidification 4. Role of aldosterone 1. Respiratory: 1.1 Acidosis 1.2 Alkalosis 2. Metabolic 2.1 Acidosis 2.2 Alkalosis 3. Cases
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PHYSIOLOGY OF THE THYROID GLAND OBJECTIVES CONTENTS GIO: To understand the physiology of the thyroid gland SBO1: To describe the functional 1. Types of cells anatomy of the thyroid gland 2. Nerve supply 3. Blood supply 4. Nearby related structures SBO2: Enumerate the functions of the 1. Metabolic regulation thyroid gland 2. Growth and development SBO3: Discuss the regulation of thyroid 1. Hypothalamo-pituitary-thyroid gland axis gland activity 2. Autoregulation SBO4: Discuss the various factors that 1. Endogenous variables influence thyroid gland activity 2. Environmental factors 3. Pharmacologic agents 4. Dysfunction or disease in other organs SBO5: Discuss the syntheis of the 1. Iodide trapping hormones secreted by the thyroid gland 2. Iodide oxidation 3. Iodide organification 4. Coupling 5. Storage 6. Hydrolysis and secretion SBO6: Enumerate the hormones 1. Thyroxine (T4) secreted by the thyroid gland 2. Triiodothyronine (T3) 3. Reverse T3 SBO7: Discuss the transport and 1. Hormone binding proteins metabolism of T3 and T4 2. Deiodination in peripheral tissues 3. Excretion in the bile SBO8: Give the sites and mechanism of 1. Nucleus action of T3 and T4 2. Mitochondria 3. Plasma membrane SBO9: Describe the physiologic effects of 1. Regulation of growth and development of skeletal/nervous systems T3 and T4 2. Calorigenesis 3. Metabolic effects 30



SBO10: Discuss the mechanism of the various conditions of thyroid gland dysfunction and their manifestations



4. Inhibition of TSH secretion 1. Goiter 1.1 Non-toxic 1.2 Toxic 2. Hypothyroidism 2.1 Cretinism 2.2 Myxedema
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PHYSIOLOGY OF THE ENDOCRINE PANCREAS OBJECTIVES CONTENTS 1. Review the functional anatomy of the  endocrine & exocrine pancreas pancreas.  islet of Langerhans  blood supply 2. Describe the paracrine regulation of  insulin the pancreatic islets.  glucagon, and  somatostatin 3. Describe the synthesis and regulation  synthesis of insulin of secretion of insulin.  C-peptide  ATP-sensitive K+ channels in B-cells 4. Enumerate the effects of insulin and  insulin dependent v. noninsulin dependent cells the mechanism of its action.  glucose transporters: SGLTs & GLUTs  CHO, Pr & lipid metabolism in liver, muscle & fat cells 5. Explain the pathophysiology of Hypo v. hyperglycemia diabetes mellitus Diabetes mellitus  pathophysiology  effects  diabetic coma  ketoacidosis 6. Describe the regulation of secretion  paracrine regulation of glucagon  regulation by glucose 7. Enumerate the effects of glucagon. CHO, Pr and lipid metabolism in liver, muscle & fat cells 8. Explain the integrated regulation of Insulin v. glucagon, epinephrine, cortisol, etc. glucose levels.
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REPRODUCTIVE PHYSIOLOGY CONTENTS



I. Female Reproductive OBJECTIVES physiology Describe the basic functional anatomy of the female reproductive system Describe the hypothalamo-pituitary axis of hormone action and effects



Describe the regulation and synthesis of estrogen and progesterone



Describe the course of sexual differentiation in both sexes Describe the events in the female sexual cycle (menstrual cycle)



Describe the events during puberty



Describe the hormonal changes and their effects during menopause



Describe the different mechanisms of the different methods of fertility regulation in the female



The anatomy of the female reproductive system will be briefly discussed as well as the general functions of each organs in the system The hormones involved in the female reproductive system will be discussed including the role of higher centers such as the hypothalamus and pituitary gland, and how these hormones affect each organ. The pathway for hormone synthesis will be discussed as well as the factors and hormones influencing the synthesis.



The concept of genetic, gonadal, and phenotypic cells will be introduced as well as how one facet relates to the other. The events occurring in the ovaries and the uterus during the typical menstrual cycle will be discussed along with the hormones involved during the cycle Both hormonal changes and corresponding physical changes will be discussed The levels of the different stimulating hormones and ovarian hormones will be discussed as well as the accompanying clinical symptoms that arises from such hormonal changes. The rationale for the different fertility regulation methods will be discussed (contraceptive pills, barrier, rhythm method)
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Enumerate the physiologic effects of estrogen



II. Male Reproductive Describe the basic functional anatomy of Physiology the male reproductive system Describe the hypothalamo-pituitary axis of hormone action and effects



Describe the regulation and synthesis of male hormones



Describe the course of sexual differentiation in both sexes Describe the events in the male sexual cycle



Describe the events during puberty



Enumerate the physiologic effects of testosterone



The physical and constitutional effects of estrogen will be discussed as well as its role in the differentiation of secondary sex characteristics in the female The anatomy of the male reproductive system will be briefly discussed as well as the general functions of each organs The hormones involved in the male reproductive system will be discussed including the role of higher centers such as the hypothalamus and pituitary gland, and how these hormones affect each organ. The pathway for hormone synthesis will be discussed as well as the factors and hormones influencing the synthesis. The specific cells involved will be enumerated. The concept of genetic, gonadal, and phenotypic cells will be introduced as well as how one facet relates to the other. Events during the sexual cycle (such as spermatogenesis) will be discussed as well as the sexual responses of the male (events like erection, ejaculation and sperm capacitation). Both hormonal changes and corresponding physical and emotional changes will be discussed The physical and constitutional effects of testosterone will be discussed as well as the changes that take place during puberty
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PRINCIPLES OF SENSORY PHYSIOLOGY OBJECTIVES CONTENTS 1. Define the important terms needed in Terminologies: the study of sensory physiology f. sensory physiology g. sensation h. perception i. sensory system j. sensors, sensory receptors, sense organs 2. Enumerate and describe the different Different classification systems of sensory receptors according to: types of sensory receptors and the d. stimulus source sensory stimuli they detect e. type of stimulus energy f. type of sensation g. rate of adaptation 3. Describe how energy of a stimulus is General transduction mechanism of: transduced by the different kinds of a. mechanoreceptor sensory receptors into a nerve impulse b. chemoreceptor or action poterntial c. photoreceptor 4. Define a sensory unit and know the Definition of a sensory unit classification systems of sensory nerve fibers according to diameter, conduction Sensory neuron classification velocity 5. Cite the various neurobiological a. principle of receptor adaptation principles governing specific pathways b. law of specific nerve energies from receptor to brain c. law of projection d. encoding of stimulus intensity, location and quality
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CUTANEOUS SENSATIONS AND INTRODUCTORY PAIN PHYSIOLOGY OBJECTIVES CONTENTS 1. Describe the types of cutaneous a. Mchanoreceptors receptors according to structure, - Pacinian corpuscle function, known mechanisms of - Merkel’s disk transduction of stimulus energy, - Ruffini’s corpuscle adaptation characteristics, receptive b. Thermoreceptor fields, and encoding features - Warm fibers - Cold fibers c. Nociceptors - Free nerve endings of A-d fibers - Free nerve endings of C-fibers 2. Understand the peripheral and central a. different types of pain pathways of pain and analgesia b. different pathways of nociception c. examples of nociceptive reflexes and their characteristics d. central mechanisms of pain e. central analgetic mechanism (gate control, opiate mechanisms, bioigenic amines, stress-induced mechanisms) 3. Briefly discuss the physiology of a. hyperalgesia and allodynia common clinical sensory abnormalities b. hyperesthesia and hyperpathia c. hypoalgesia and hypoesthesia d. analgesia and anesthesia e. complete congenital insensitivity to pain f. phantom pain g. itch and tickle



36



OBJECTIVES GIO: Understand the important basic principles regarding reflexes..



SBO1. Enumerate and describe the components of the reflex arc. SBO2. Explain the general properties of reflexes.



SB03. Differentiate a monosynaptic reflex from a polysynaptic reflex.



REFLEXES CONTENTS a. receptor b. afferent nerve c. center d. efferent nerve e. effector organ a. b. c. d. a.



b.



SB04. Explain the reflexes involved in movement and maintenance of posture



a. b. c. d. e.



adequate stimulus final common pathway central excitatory and inhibitory states habituation and sensitization of reflex responses Mono-synaptic reflex - Example - Diagrammatic representation - Stimulus - Structure and function of muscle spindles, stretch reflex - Afferent and efferent nerves Polysynaptic reflex - Examples - Diagrammatic representation - Structure and function of golgi tendon organ; inverse stretch reflex - Importance of withdrawal reflex Myotatic or stretch reflex Inverse stretch reflex Flexor or withdrawal reflex Cross-extension reflex Righting or attitudinal reflex
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CHEMICAL SENSES OBJECTIVES CONTENTS 1. Discuss the functions of the different a. olfactory mucous membrane and receptor cells parts of the olfactory system b. olfactory bulb c. olfactory cortex 2. Explain how potentials are produced in the olfactory cells and the signal transmitted to the central nervous system 3. Enumerate the different primary sensations of tastes



4. Explain how potentials are produced in the taste receptor cells and how the signals are transmitted to the CNS



a. b. c. d. e. a. b. c. d. a. b. c.



stimulation of receptors transduction mechanism discrimination of different odors adaptation smell pathway from receptor to brain salty bitter sour sweet Receptor stimulation Taste threshold and intensity discrimination Taste pathway from receptor to brain



38



PHYSIOLOGY OF HEARING AND EQUILIBRIUM OBJECTIVES CONTENTS 1. Describe the properties of sound Review: sound waves, frequency, amplitude, intensity & pitch 2. Review the functional anatomy of the External ear, middle ear, inner ear, cochlea, Eustachian tube, ossicles ear. 3. Describe the conduction of sound in Sound conduction, Impedance-matching the ear. Air conduction, Bone conduction 4. Describe the transduction of sound in Types of hair cells the inner ear. Depolarization of the hair cells Nerve conduction pathway 5. Explain pitch, intensity discrimination Resonance of the basilar membrane and sound localization. Topographic organization of neurons Bi-aural hearing 6. Explain the tests for hearing. Weber test, Rinne test, Schwabach test 7. Describe the functional anatomy of Semicircular canals, utricle and saccule the vestibular apparatus 8. Describe the depolarization of hair Rotational acceleration and linear acceleration cells in the different structures of the vestibular apparatus 9. Explain the vestibulo-ocular refles Neuronal pathway to the vestibular nuclei  afferents/ efferents 10. Describe the various structures  Vestibular apparatus involved in maintenance of equilibrium  Vision  Proprioceptors/ Cutaneous receptors
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PHYSIOLOGY OF VISION OBJECTIVES CONTENTS Introduction of the topic Understand the importance of the topic to their future role as primary health care prociders Describe the functional anatomy of the Parts of the eye eye Refracting media of the eye The retina Receptors Neural pathways Define and illustrate refraction of light Types of lenses Diagram of refraction of light thru different types of lenses Define and illustrate mechanisms of Mechanism of accommodation accommodation Role of eye muscles Near point of vion Near response Define the different errors of refraction Myopia Presbyopia Hyperopia Astigmatism Discuss the rhodopsin retinal visual cycle Characteristics of rhodopsin The visual cycle of dark vision Differentiate photopic from scotopic Mechanism of photopic vision vision Mechanism of scotopic vision State the abnormalities of color vision Types of color blindness Mechanism of each type Explain briefly the visual pathway Parts of the visual pathway The visual cortex Effects of lesions in the visual field and perimetry Discuss briefly the visual field and Monocular visual field perimetry Binocular visual field State eye movements and explain their Types of eye movement control - Saccadic - Convergence - Smooth pursuit 40



- Vestibular Mechanism of control
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INSTINCTUAL BEHAVIOR AND EMOTIONAL FUNCTIONS OF THE BRAIN OBJECTIVES CONTENTS 1. Know the neural substrates, and a. Feeding behavior understand the physiologic basis of the b. Alerting behavior following instinctual drives and c. Placidity and Rage emotions: d. Fear and Aggression e. Sexual behavior f. Motivational drives: Approach and Avoidance behavior g. Effects of lesions on neural substrates of instinctual behaviors and emotions h. Modified Papez Circuit of Emotions (Limbic System) 2. Enumerate and describe the role of a. serotonin in wakefulness and drowsiness; euphoria and different neurotransmitters in the CNS in aggression behavior; cite some disorders of b. norepinephrine in behavioral vigilance and drowsiness behavior related to neurotransmitters c. dopamine in schizophrenic hallucinations and depressions d. histamine and acetylcholine in carious behaviors
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LANGUAGE, VISIO-SPATIAL PECEPTUAL FUNCTIONS AND RELATED HIGHER FUNCTIONS OF THE BRAIN OBJECTIVES CONTENTS 1. Discuss briefly the micro-anatomy of Circuits in the 7 layers of the neocortex the cerebral cortex and its functional significance 2. Discuss briefly the general functions of Functions and effects of lesions: the different cerebral lobes, as well as a. Frontal lobe that of the corpus callosum , including b. Parietal lobe effects of lesions c. Occipital lobe d. Temporal lobe e. Corpus callosum 3. Discuss the functions of the language- Language functions of the left hemisphere; specific neural substrates dominant or categorical hemisphere (Broca’s area, angular gyrus, Wernicke’s area) 4. Discuss the functions of the Visio-spatial and other higher functions of the right hemisphere representational hemisphere
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LEARNING AND MEMORY OBJECTIVES CONTENTS 1. Define learning and memory Terminologies a. learning b. memory 2. Describe different types of memory Different \types of memory a. non-declarative or reflexive memory b. declarative memory 3. Describe different types of learning a. Simple (non-associative) habituation, sensitization b. Associative learning: classical conditioning, operant learning, one-trial learning c. Complex learning: imprinting, latent, observational 4. Describe the biological mechanisms of a. habituation the different forms of learning and b. sensitization memory c. post-tetanic potentiation d. long-term potentiation e. role of protein biosynthesis in development of long-term memory 5. Cite and define roles of neural Neural structures mediating: structures mediating learning and a. declarative memory (hippocampus, diencephalons, neocortex) memory functions in the central nervous b. non-declarative or reflexive memory (stiatum, motor cortex, system cerebellum, amygdala, neocortex) 6. Cite and describe briefly the a. anterograde amnesia disturbances of memory and learning b. retrograde amnesia c. senile dementia and Alzheimer’s disease d. dyslexia e. hysterical amnesia
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SLEEP AND CONSCIOUSNESS: THE RETICULAR ACTIVATING SYSTEM OF THE BRAINSTEM OBJECTIVES CONTENTS 1. Discuss consciousness or arousal a. Definition of consciousness b. Neural substrates responsible for conscious behavior c. Role of the cerebral cortex, thalamus, and at the ascending reticular activating system in initiating conscious behavior d. Role of the following factors in maintaining consciousness: d.1 cerebral blood flow d.2 carbohydrates d.3 oxygen d.4 ions d.5 pH 2. Discuss the mechanisms of sleep a. Definition of sleep b. Physiologic significance of sleep c. Difference between sleep and coma d. Two theories of sleep production d.1 passive d.2 active e. Different stages of sleep (NREM,REM) and characteristics of each stage f. Sleep cycles in one night’s sleep 3. Discuss the significance of the a. Definition of EEG electroencephalogram b. Physiological basis of EEG c. Different waves found in the EEG of a normal person d. Uses of EEG
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THERMAL BALANCE AND REGULATION OF BODY TEMPERATURE OBJECTIVES CONTENTS 1. Discuss the relationship between heat a. Homeothermy vs. Poikilothermy production, body temperature and body b. Heat production and body temperature size c. Thermoregulatory thermogenesis 2. Discuss the local temperature differences of the human body



3. Discuss forms of heat transfer in the human body



a. b. c. d. a.



e. a. b. c.



Core temperatures Skin temperature Periodic fluctuations in core temperature Body temperature during exercise Internal heat flow (conduction, convection, thermal insulation, countercurrent External heat flow (conduction, convection, radiation, evaporation) Terminologies and concepts: sensors, central controller, effectors, negative feedback Effector outputs in thermoregulation Thermoreception Integrative processes and central nervous structures fir thermoregulation Set point and its adjustment Thermoregulation in newborn Long term adaptation to the environment Local adaptation



a. b. c. d. e.



Fever Hyperthermia Malignant hyperthermia Hypothermia Paraplegia and thermoregulation



b. 4. Discuss the regulation of body temperature



a. b. c. d.



5. Discuss the ontogenetic and adaptive changes in thermoregulation



6. Discuss the mechanism of fever and other disturbances in thermoregulation
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PHYSIOLOGY OF EXERCISE OBJECTIVES CONTENTS GIO: To understand the different physiologic aspects involved during exercise or sports SBO1: Define the different terms Exercise physiology referred to in exercise physiology A. responses B. adaptations Exercise science Sports medicine Physical fitness SBO2: Analyze the different muscular Strength capabilities involved during exercise Power Endurance Muscle metabolism Muscle fiber types and athletic activity each promotes A. fast twitch B. slow twitch SBO3: Discuss the nutritional needs of General considerations the athlete Carbohydrates Proteins Fats Vitamins and minerals Fluid replacements SBO4: Explain the role of the respiratory Definition of terms system in exercise A. oxygen consumption B. oxygen deficit C. oxygen debt Changes in oxygen consumption and pulmonary ventilation during exercise Oxygen diffusing capacity 47



SBO5: Explain the role of the CVS and its changes in exercise



SBO6: Identify changes in body heat and fluids during exercise



SBO7: Integrate the functional changes in exercise



Effects of smoking Responses of CVS to exercise A. heart rate B. stroke volume C. cardiac output D. blood pressure E. blood flow - summary of regional changes in blood flow during exercise - importance of blood flow changes Adaptations of the CVS to training A. heart rate B. stroke volume C. cardiac output D. blood pressure E. blood flow F. cardiac muscle Other training adaptations and over-all benefits of exercise Process of heat exchange A. radiation B. convection C. conduction D. evaporation Effects of exercise in the heat - heat illness, heat injury, heat stroke - treatment for each Sweating and loss of electrolytes during exercise Effects of exercise in the cold - cold injury, immersion foot - treatment Baseline values of each student (resting values) A. heart rate/ pulse rate B. respiratory rate
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Aerobic exercise Post-exercise values
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