
Introduction to Course: L1. Introduction to Physiology  
 
Physiology 
 

 Physiology: study of how organisms function; includes the dynamic interaction of organs, cells and molecules  
 

Level of organisation 
 

Physiological Level Category Description Example 
Chemical Inorganic simple molecules made of one or more elements other 

than carbon 
H2O, O2, CO2, Fe, Ca 

Organic often very complex and always contain carbon and 
hydrogen 

carbohydrates, fats, proteins, 
DNA, RNA 

Organelle Membrane enclosed structures contained within cells with specific shapes 
and sizes that enable the cell to function as a unit 

Nucleus, mitochondria, 
endoplasmic reticulum  

Cell Smallest living units of structure and function  Neuron, blood cells 
Tissue Group of cells with similar structure and functions  

Epithelial cover or lines body surfaces Skin, blood vessels, glands  
Connective connects and supports parts of the body  Cartilage, bone 
Muscle specialized for contract for movement Skeletal muscle, smooth muscle  
Nerve specialized to generate and transmit electrochemical 

signals that regulate body function 
Brain, motor neuron  

Organ Group of two or more different types of tissues precisely arranged so as to 
accomplish specific functions and recognizable shape 

Heart, lungs, kidneys 

Organ system Group of organs that all contribute to a particular function  Respiratory system 
Organism Most complex level where all the organ systems of the body function 

together to constitute a living individual  
Human 

 
 Integration of organ system: organ system working together for the organism to survive 

 
Physiological systems  

 
Physiological systems  Components Features 
Musculoskeletal Muscle, cartilage, bones, tendons, 

ligaments, joints 
Provide support and movement 

Urinary Kidneys, ureters, bladder, urethra Regulation of plasma composition (controlled excretion of salts, 
water and organic waste)  

Respiratory Nose, pharynx, larynx, trachea, 
bronchi, lungs 

Gaseous exchange with the environment 

Digestive Mouth, salivary glands, pharynx, 
oesophagus, stomach, intestines, 
pancreas, liver 

Absorption of nutrients and water, and waste elimination 

Endocrine All glands or organs that secrete hormones 
Reproductive Ovaries, testes, penis, vagina, uterus Production of eggs or sperm, and transfer of sperm to female and 

provision of a suitable environment for the growth and 
development of the foetus 

Integumentary (Skin)  Skin Forms protective boundary against injury and dehydration and 
regulate body temperature 

Immune White blood cells, spleen, thymus Protection against pathogens 
Nervous Brain spinal cord, peripheral nerves, 

ganglia and sense organs 
Regulation and coordination 

Circulatory Heart, blood vessels, blood Transport of blood throughout the body  
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Cardiovascular Physiology: L2. Electrocardiogram (ECG)   
 
Electrocardiogram (ECG)  
 

 Electrocardiogram (ECG): non-invasive means of indirectly visualizing electrical activity spreading through the heart  
 Purpose: provide a wide range of information about the heart  
 Sum of activity of the heart: are sum of the electrical activity of the heart  
 Axis: y-axis: voltage (V), x-axis: time (s)   

 
 Measurements: recorded by electrodes at different sites of the body on skin (does not directly contact the heart)  

 Measurement of potential differences: ECG measure a potential difference between different sites on the 
body caused by the electrical activity of the heart  

 Measurement at site distant: electrical activity can be recorded at a site distant from the heart because the 
body tissues act as conductors  

 
Electrocardiogram (ECG) deflection  
 

 Three main deflections:  
 P: atrial depolarization  
 QRS: ventricular depolarization  
 T: ventricular repolarization  

 
Electrocardiogram (ECG) deflection  
Deflection  Event Description 
P wave Atrial depolarization  Small height deflection represent smaller 

tissue mass of atria  
Slow response as shown in width  

PR segment Isoelectric Little height deflection indicate small tissue 
mass involved (deflection therefore not seen) 
Reflects time taken for wave to pass through 
AV node, AV bundle, Bundle branches 

QRS complex Ventricular 
depolarization 

Greater height deflection than P wave 
indicate greater muscle mass of tissue 
Shorter than P wave, PR interval; indicates 
rapid spread due to Purkinje fibres  

ST segment Isoelectric All ventricular tissues are depolarized 
indicating no moving wave front  
Plateau period of fast response cells 

T wave Asynchronous 
ventricular repolarization  

Asynchronous, and are therefore slower than 
depolarization  

QT interval Action potential duration Interval reflects action potential duration  
PR interval  Period where atria is able to ‘squeeze the last 

bit of blood into ventricle 
U wave Uncertain origin  

 
Vector representation of cardiac electrical activity  
 

 Representing cardiac electrical activity: cardiac electrical activity is represented at any instant as a single dipole 
 ECG to cardiac electrical activity relation: ECG can be seen as a ‘projection’ of the dipole along a particular line  

 
 Dipole: pair of equal but opposite charges separated by a small distance  

 
 Dipole in a volume conductor: potential can be measured in the surface for the dipole in a volume conductor as above  
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Cardiovascular Physiology: L3. Vascular Mechanics and Regulation   
 

 Review of cardiovascular system: ∆ = ×  
 Pressure (P): regulated variable (~100MAP); ideally 

should be reasonably constant to prevent tissue damage  
 Cardiac output (CO): total blood flow; set to body’s need, 

individual tissue flow is highly regulated in response to 
tissue needs by autoregulation  

 Total peripheral resistance (TPR): total resistance; leads to 
an upstream increase in pressure (downstream decrease in 
pressure) in order to maintain flow; due to parallel 
arrangement, has little effect on total resistance 
 

 If cardiac output increases, resistance much decrease to 
maintain arterial pressure  

 
Main mechanical forces acting on blood vessels  
 

 Pressure forces acting within the vessels:  
 Driving pressure ( − ): pressure gradient between two points (arterial to venous) 

 Significance: main determinant of blood flow around the system  
 Magnitude: around 100 MAP  

 
 Transmural pressure: pressure across vessel walls 

 Significance: puts tension on the vessel wall to influences its diameter (and thus resistance)  
 Magnitude: usually same as driving pressure  

 
 Hydrostatic pressure: pressure difference occurring due to gravity  

 Description: increases with increasing weight of fluid exerts downward force from above 
 Implication: hydrostatic pressure in feet is greater during standing up  

 
Transmural pressure  

 
 Transmural pressure: pressure across the vessel wall; = −  

 Usual magnitude: generally very similar to the driving pressure as  
(interstitial pressure) is close 0 (relative to atmosphere), and  is that 
of the driving pressure 

 Causes of deviation from driving pressure: outside pressure may increase 
(such as in swollen ankles), though these changes are often not prominent  

 Determinant of tension: transmural pressure determines tension on the wall  
 

 LaPlace equation: gives the relationship between the transmural pressure and the 
circumferential tension on the vessel wall 

 Equation for thin walled cylinder: =  
 T: tension (N m-1) 
 P: transmural pressure (N m-2) 
 r: radius (m) 

 
 Equation for thick walled cylinder: =  

 T: tension (N m-2) 
 P: transmural pressure (N m-2) 
 r: radius (m) 
 w: wall thickness  

 
 Implication:  

 ∝ : wall tension is proportionate to radius; bigger radius leads to greater tension  
 ∝ : wall tension is proportionate to pressure; higher pressure leads to greater tension  
 ∝ 1/ : wall tension is inversely proportionate to wall thickness; thicker wall lead to less tension  

 
 Explanation to physiological observations:  

 Capillaries: small diameter means the wall tension is low thus 
remain intact even with very thin walls  

 Aneurysm: there is thinning of vessels wall as the vessel 
diameter gets bigger, increasing wall tension which further 
induces thinning of vessels wall; a vicious cycle - wall tension 
increases, increasing likelihood of rupture 

 Heart failure: an enlarged heart becomes inefficient as more wall 
tension is required to develop the same pressure, and induce risk 
of bursting  

 Hypertension: as pressure inside vessel increases, wall thickness 
increases and lumen decreases in an attempt to reduce tension on 
the wall (through Ang II, VGF, endothelin, oxidative stress etc)  
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 Factors that determine time taken to fatigue:  

 Required force: increase or decrease in the required force 
 Maximum force: increase or decrease in maximum force muscle can produce 
 Intrinsic fatiguability: changes in the intrinsic fatiguability of the muscles 

 
  Fatigue in different fibre types:  

 Type I fibre (slow): small tension developed 
during twitch (fewer fibres per motor unit); 
magnitude of force does not diminish even at 
continuous stimulation in fused tetanus 

 Type II fibre (fast, fatigue-resistant): high 
tension developed during twitch (more fibres 
per motor unit); magnitude of force diminish 
with more stimulation in fused tetanus 

 Type II fibre (fast, fatigable): high tension 
developed during twitch (more fibres per 
motor unit); magnitude of force diminish 
rapidly with more stimulation in fused tetanus 
 

 Tetanic [Ca2+] and force records at various phase of fatigue: 
 Fast-twitch fibre: (250ms/70Hz tetani given at 2.5 intervals)  

 Fatigue pattern: easily fatigued 
 Tetanic [Ca2+] and force: Ca2+ levels and force levels 

rapidly decreases with each phase 
 Metabolism: predominantly anaerobic metabolism 
 Function: short bursts of fast contraction (e.g. sprinters) 

 
 Soleus (slow-twitch) fibre: (500ms/70Hz tetani given at 2 intervals)  

 Fatigue pattern: fatigue resistant 
 Tetanic [Ca2+] and force: Ca2+ levels and force levels are 

relatively stable, even after 1000 pulses 
 Metabolism: predominantly aerobic metabolism  
 Function: continuous extended contractions over time (e.g. 

marathon runners)  
 Structural features: rich in capillaries and mitochondria 

(dark) – enzymatic stains to determine fibre type target 
NADH dehydrogenase that is part of complex I of the 
respiratory chain  

 
Fatigue at cellular level  

 
 Factors that affect fatigue at cellular level: fatigue increases with; 

 pH: decrease in pH due to accumulation of waste products 
 Phosphates (Pi): accumulation of phosphates 
 Gibbs free energy of ATP: decreased Gibbs free energy of ATP  
 Excitation-contraction coupling: impaired excitation-contraction coupling  

 
 pH and fatigue: lower pH causes decreased force  

 Comparison of pH: rest pH ~7.05; exhaustive exercise pH ~6.5 
 Effect of pH on force: as pH decrease, relative force decreases 

 
 Possible actions of H+:  

 Competition of H+ with Ca2+: H+ competes with Ca2+ 

for binding sites on Troponin-C; decreases Ca2+ 

sensitivity of the myofilaments and cause right-shift of 
the force-[Ca2+] relation  

 Inhibition of ATPase: inhibition of Na-K ATPase, 
myosin ATP and cross-bridge interaction to reduce Ca2+ 
influx, ATP usage for contraction  

 
 Limitation and implication: however, following exhaustive exercise, force recovers faster than pH indicating pH may 

contribute to fatigue but pH cannot be the sole cause  
 

 Inorganic phosphate and fatigue: increased inorganic phosphate cause decreased force 
 Evidence: all other things controlled, presence of 

Pi caused a decrement in force (in rat ventricles)  
 Link between fatigue and ATP depletion: nuclear 

magnetic resonance (NMR) imaging used to 
quantify Pi and PCr shows a decreasing PCr and 
increasing Pi (evidence of ATP depletion) are 
coincident decreasing force production  
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 Foetal chemoreflex to hypoxia:  
 Detection by chemoreceptors: peripheral chemoreceptors detect 

O2 and pH/CO2 levels in blood (mainly carotid) 
 Afferent neural message: chemoreceptors signal brain  
 Processing in brain: brain processes and initiates action (central 

chemoreceptors adds more info)  
 Efferent neural message: brain relays signal to the effectors  
 Action: effector undergoes action to adjust according to hypoxia  

 Autonomic reflex response: quick reflex to change 
 Slow acting endocrine/endothelial factors: augment 

autonomic reflex response by slower acting 
endocrine/endothelial factors such as angiotensin, 
renin and adrenaline 

 
Foetal response to hypoxia  
 

 Summary of foetal defence game plan:  
1. Redistribute blood flow: (1) redistribute blood flow from peripheral organs to vital ones and (2) oxygenated blood 

shunted more through foramen ovale 
2. Reduce cardiac work: lower heart rate to reduce cardiac work (despite reducing BP and subsequent perfusion); protect 

heart until other defences kick in  
3. Reduce energy and oxygen demand: behavioural alteration; foetus making movement and switch to reduced EEG 

activity (NREM or EEG suppression)  
4. Haemoconcentration: concentrate red blood cells (by removing fluid other of the blood vessels to the extracellular 

space) to increase area unit of blood so more oxygen is present per unit of blood  
 

 Better streaming of arterial blood from placenta: oxygenated blood from placenta is better streamed to vital organs  
 Increased blood flow to ductus venosus: less blood is delivered to the liver  
 Constriction post ductus venosus: post ductus venosus vessels constrict to increase flow  
 Greater streaming into IVC: increased flow lead to greater velocity of streaming in IVC  
 More crossing foramen ovale: more oxygenated blood cross the foramen ovale so more oxygen goes to central organs 
 Less mixing: there is less mixing in the RA (and to peripheral organs) due to increased flow 

 
 Behavioural changes: behavioural adjustments to conserve energy  

 Switch to non-REM: NREM lower metabolic state to conserve energy (isoelectric if severe)  
 Stop making breathing and body movements: in addition, breathing and body movement stops to conserve energy 
 Slower heart rate: high rate is reduced  

 
 During prolonged hypoxia: movements will return at the expense of growth (so foetus is alive)  
 During severe insult: foetal jerking movements is observed in the first 5 minutes to attempt to free itself  

 
 Efferent cardiovascular responses to moderate hypoxia:  

 Heart rate: heart rate falls; chemoreceptor mediated 
bradycardia (mediated through parasympathetic vagal nerves)  

 Blood pressure: blood pressure increases despite a fall in HR 
(due to vasoconstriction and increased resistance)  

 Cerebral blood flow: increased cerebral blood flow (and 
subsequent perfusion); increased BP results in more flow to 
foramen ovale, but mainly the blood flow increases due to 
reduced resistance through autoregulation where there is active 
vasodilation at the vessels (nitric oxide) 

 Femoral blood flow: decreased peripheral blood flow (and 
subsequent perfusion); due to vasoconstriction through 
sympathetic activity (α-adrenergic) and other endocrine factors 

 
 Discuss why foetus becomes bradycardic during hypoxia:  

 What has triggered the bradycardia? 
 Hypoxia (lack of oxygen)  
 Cause of hypoxia  

 
 What results in bradycardia?  

 Part of the adaptation to hypoxia  
 Foetus mounts a chemoreflex in response to hypoxia (chemoreflex, mainly carotid – brain – heart)  
 Activation of the parasympathetic nervous system (through vagal nerves) to induce cardiovascular changes 
 Evidence of vagal response – from inhibiting vagal activity (muscarinic receptor blocker - atropine)  

 
 Purpose of the bradycardia? 

 Actively mediated bradycardia  
 Reduce cardiac work to protect the heart (heart is paramount to survival)  
 Initially to resolve energetic changes  
 Older foetus; sustained bradycardia  
 Meanwhile blood pressure is maintained due to peripheral vasoconstriction  
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