
Nervous System: Unit 1 – Human brain  
 
Subdivisions of the human brain  
 

 Cerebral cortex: grey matter region that forms the cerebrum outer rim; grows 
faster than white matter during development  

 Gyrus: the folds; ridge on the cerebral cortex  
 Lobes: subdivision of each cerebral hemisphere, named after the bones that 

cover them  
 

 Fissures: deepest groves between folds 
 Sulci: shallower grooves between folds  

 
Division by structure  

 
Major division of the brain (in terms of development) 
Forebrain Largest brain division; contains cerebrum and thalamus 
Midbrain Smallest brain division 
Hindbrain Contains pons, cerebellum, medulla 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Features of the brain 
Major lobes 
Frontal lobe Frontal pole to the central sulcus 
Parietal lobe Central sulcus to the POCS 
Occipital lobe POCS to occipital pole 
Temporal lobe  Below lateral fissure   
Major fissures and sulci 
Central sulci Separates frontal and parietal lobe 
Parietal occipital sulci Separates parietal and occipital lobe 
Lateral fissure Separates temporal lobes from others  
Postcentral sulcus Divides postcentral gyrus to parietal lobule 
Precentral sulcus Divides precentral gyrus to frontal gyri 
Major gyri 
Precentral gyrus Located anterior to central sulcus 

Site of primary motor cortex 
Postcentral gyrus Located posterior to central sulcus 

Site of primary somatosensory cortex  
Supramarginal gyrus (SMGLA) Located in inferior parietal lobe beside AGLA 

Site involved in reading  
Angular gyrus (AGLA)  Located in inferior parietal lobe beside SMGLA 

Site involved in writing  
Superior temporal gyrus Part of upper temporal lobule containing primary auditory cortex and Wernicke’s area  
Middle temporal gyrus Middle and lower temporal lobule, also known as temporal association cortex and supplementary 

visual cortices  Inferior temporal gyrus 
Superior frontal gyrus Contains frontal association cortex and supplementary motor area 
Middle frontal gyrus Contains frontal association cortex, alongside planning frontal eye field and Exner’s area 
Inferior frontal gyrus Contains frontal association cortex, alongside planning Broca’s speech area  
Other features 
Preoccipital notch Indentation in the inferior margin occipital lobe; marks boundary between parietal lobe and 

occipital lobe 
Corpus callosum Thick band of nerve fibres that interconnect the two hemispheres of the cerebral cortex 
Arcuate fasciculus Arching bundle of white matter fibre tracts that links Broca’s area to Wernicke’s area 
Fasciculus Other bundles of white matter fibre tracts that link SMGLA to Exner’s area and Wernicke’s area  
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Dynamics of capillary exchange  
 

 Blood hydrostatic pressure (BHP): pressure the blood exerts that pushes 
fluid out of vessels  

 Blood colloid osmotic pressure (BCOP): pressure the blood exerts that pull 
fluid into vessels (attributed to dissolved protein within plasma that is not 
easily filtered) 

 Interstitial fluid hydrostatic pressure (IFHP): pressure interstitial fluid 
exerts that pushes fluid into vessels  

 Interstitial fluid osmotic pressure (IFOP): pressure interstitial fluid exerts 
that pull fluid out of vessels  
 

 Net filtration pressure (NFP): interaction of the hydrostatic and osmotic 
pressures, driving fluid out of, or into, the capillary 

 NFP equation: NFP = (BHP + IFOP) − (BCOP + IFHP) 
 NFP > 0: results in net filtration; is arterial end 
 NFP < 0: results in net reabsorption; is venous end  

 
 Note that excess interstitial fluid is absorbed by the 

lymphatic system and returns to the blood plasma 
 

 Starling’s law of the capillaries: states that the fluid movement across the 
capillary wall is dependent on the balance between the hydrostatic pressure 
gradient and the oncotic pressure gradient across the capillary 

 
Hormonal control of blood pressure (epinephrine)  
 

 Norepinephrine: hormone and neurotransmitter that increases blood pressure through multiple mechanism  
 Neurotransmitter: uses sympathetic nervous activity (SNA); initiated by cardiovascular centre in medulla 

 Targets heart: increases cardiac output  
 Heart rate: increases heart rate 

(target SA node)  
 Contractility: increases contractility 

(target ventricular myocardium)  
 

 Targets vessels: increases resistance  
 Vasoconstriction: increased release 

decreases radius of vessels through 
vasoconstriction (through α 
receptors)  

 
 Hormone: is a hormone secreted by adrenal medulla  

 Targets vessels: increases resistance  
 Vasoconstriction: decrease radius of vessels through vasoconstriction  

 
 Note that the sympathetic nervous system acts first (e.g. right before an accident) than the hormonal system – the 

colloquial use of ‘adrenaline rush’ should be more of ‘sympathetic rush’ 
 

 Angiotensin: peptide hormone that causes vasoconstriction and an increase in blood pressure 
 Renin-angiotensin system: cascade of reactions involving angiotensin that increases blood pressure 

 Blood volume falls: blood volume falls (or blood flow through kidney baroreceptors falls)  
 Renin release: kidney secretes renin into the bloodstream  
 Angiotensin II activated: renin act upon proteins from liver and lung to produce angiotensin II 
 Vasoconstriction: angiotensin raises blood pressure by increasing total peripheral resistance (TPR)  
 Aldosterone release: angiotensin act on adrenal cortex: secretes hormone aldosterone  
 Reabsorption in kidney: aldosterone increases reabsorption of salt and water by kidneys  

 
 Acetylcholine: neurotransmitter that decreases blood pressure through 

parasympathetic mechanisms 
 

 Beta-1 receptors: both norepinephrine and epinephrine act on the heart to 
increase heart rate and stroke volume 

 Alpha-1 receptors: norepinephrine acts on arterioles to cause vasoconstriction 
 Beta-2-receptors: epinephrine secretion acts on arterioles to cause vasodilation 

 
Baroreceptors 
 

 Baroreceptors: pressure-sensitive sensory receptors located in the aorta, internal 
carotid arteries and other large arteries  

 Afferent nerve: stretch-sensitive nerve ending that fires signal to 
CNS cardiovascular centre in the medulla  

 Function: detects changes in pressure  
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 Main events of the female reproductive cycle: 
1. Corpus luteum degenerates: corpus luteum degenerates; falling estrogen and progesterone; but rising FSH  
2. Follicular growth: FSH stimulation leads to increased follicular growth  
3. Selection of dominant follicle: about day 6-7, there is increased estrogen level and selection of dominant follicles  
4. Estrogen negative feedback: about day 10, oestradiol suppresses LH and FSH production in pituitary 
5. Estrogen positive feedback: about day 12, the threshold concentration of oestradiol is 

exceeded – if this is maintained for ~36 hours, there is a temporary switch from negative 
to positive feedback  

6. Estrogen positive feedback: oestrogen mediated positive feedback triggers a rise in GnRH 
leading to an LH surge 

7. Ovulation: LH surge induces ovulation  
8. Corpus luteum growth: corpus luteum develops and begin to produce progesterone 
9. Progesterone negative feedback: elevated progesterone level inhibit GnRH, leading to 

decreased FSH and LH  
 

Hormone Released by Function Most active time 
Follicle stimulating hormone (FSH) Anterior pituitary gland Stimulates the egg (follicle) to develop Before ovulation 
Luteinising hormone (LH) Anterior pituitary gland Stimulate ovulation and formation of 

corpus luteum 
Before ovulation 

Estrogen Follicle Increases the thickness of the 
endometrium  

During ovulation 

Progesterone Corpus Luteum Keeps the endometrium intact and inhibits 
LH and FSH production 

Mid-luteal phase 

 
 Negative feedback loop of hormone production: FSH promotes growth of follicles that releases estrogen; when estrogen 

reaches high level, FSH secretion becomes inhibited and are no longer produced 
 Positive feedback loop of hormone production: when estrogen levels are high and maintained above the threshold level, it 

causes the resulting positive feedback for FSH and LH release 
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 Carotid bodies: O2 and CO2 receptors found in carotid arteries 
 Location: bifurcation of the common carotid arteries (highly vascularized, having 

high blood flow)  
 Function: sense O2 and CO2 levels in the blood (respond to decrease of PaO2 or 

increase of PaCO2) 
 Signal transduction: via carotid sinus nerve that joins the glossopharyngeal nerve 

IX as it enters the medulla 
 

 Aortic bodies: O2 and CO2 receptors found in the aortic arch and subclavian arteries 
 Location: aortic arch and subclavian arteries 
 Function: sense O2 and CO2 levels in the blood (respond to decrease of PaO2 or 

increase of PaCO2) 
 Signal transduction: via vagus nerve 

 
 Central chemoreceptors: chemoreceptors located on ventral surface of medulla that are 

sensitive to pH of cerebrospinal fluid  
 

 Mechanism of pH change detection in the brain in central chemoreceptors:  
 Proton cannot cross membrane: protons in blood cannot cross blood-brain barrier 
 CO2 cross membranes: CO2 cross blood brain barrier  
 CO2 soluble: CO2 is readily soluble in CSF 
 Carbonic acid formation and dissociation: CO2 interact with H2O to form 

carbonic acid, which readily dissociates into bicarbonates and protons 
 Change pH: changes pH of blood, and thus ventral medullary pH is affected 
 Affects ventilation: ventilation is sensitive to ventral medullary pH  

 
Responsiveness to O2, CO2 and pH changes in body  

 
 Responsiveness (extrinsic) to changes in O2: 

 Slow awareness: despite absolute reliance on O2, respiratory system is not 
very aware of O2 content in body (very sluggish response) 

 Response to increased inspiratory P : as percent oxygen in inspired air 
decreases, on average, people inspired more (more respiration)  

 Wide range of response: there was a wide range of sensitivity of the 
chemoreceptor – some responded quickly to oxygen content changes, while 
others did not undergo any respiratory stimulation, even at 10% oxygen 

 
 Responsiveness (extrinsic) to changes in O2, pH and CO2: 

 CO2: respiration increases as %CO2 increases 
 pH: respiration steeply increases as pH falls; slows down after a certain 

point (acidosis taking place) 
 O2: respiration increases as %O2 decreases  

 
 Overall: ventilation is most sensitive to peripheral PaCO2 and central pH 

 
 Responsiveness (intrinsic) to changes in O2 and CO2:  

 Changing P , changing P : normal 
ventilation response where alveolar CO2 was 
allowed to fall with hyperventilation; response 
increase with decreasing O2, but not steeply 
(extrinsic situation seen above) 

 Changing P , constant P : ventilation 
response where alveolar CO2 was artificially 
kept constant; response increase with 
decreasing O2 steeply  
 

 Explanation: while the human body is in fact 
sensitive to P , the response is usually 
countered by the accompanied decrease in P  

 
Control of respiration 
 
 Breathing 
 

 Stages to signal activation of breathing:  
 Rhythm generation: respiratory rhythm originates in the brainstem at the medullary centres 
 Transmission to motor-neurons: rhythm is then transmitted to motorneurons in the brainstem (cranial/spinal)  
 Transmission to spinal cord: motorneurons transmit rhythm to spinal cord 
 Muscle activation: neurons in spinal cord in term drive muscle involved in breathing (diaphragm, intercostal and 

upper air muscles) 
 

 Heavy dependence on neural input: breathing relies on neural input to the muscles of ventilation (unlike heat beat) 
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Musculoskeletal System: Unit 3 – Muscles 
 
Muscles 
 

 Muscle: specialised tissue designed for contraction  
 Types: three different types of muscle tissue (skeletal, cardiac and smooth)  
 Mechanism of action: designed specifically to move different parts of the body by pulling (contraction)  
 Double meaning: muscle can refer to the organ (muscle + connective tissue) or the name of the primary tissue 

 
 Muscle functions:  

 Movement: skeletal movement, moving gut content, lymph transportation and circulation blood 
 Stability: stabilising joints and maintaining posture (especially joints that have a wide range of movement, where 

stability provided by ligaments and articular capsule is replaced with active contraction of surrounding tissue)  
 Communication: for facial expression, body language, writing and speech  
 Body opening and passages: control admission of light (eyelid and pupils), food and drink (mouth), elimination of 

waste (urethral and anal sphincters)  
 Heat production: skeletal muscle produces as much as 85% of body heat (contains 40-50% body weight)  

 
Organization and anatomy of skeletal muscles  
 

General anatomy of a skeletal muscle  
Structure Description  
Osteotendinous 
junction (OTG) 

Junction between bone and tendon; 
attachment is very strong, and very less 
likely to be damaged  

Tendon   Dense regular connective tissue that 
connects muscle to the bone  

Myotendinous 
junction (MTJ)  

Junction between muscle and tendon; 
attachment can be damaged easily – takes 
longer to fix 

Muscle belly  Muscle and connective tissue that is 
primarily involved in contraction and 
movement of bone – highly vascular so 
easily repaired 

 
 Origin: attachment that moves the least during muscle contraction (dependent on the action) – generally closer to axial 
 Insertion: attachment that moves the most during muscle contraction (dependent on the action) – generally closer to appendicular 
 
 Muscle and joints: muscle always cross through at least one joint  

 
Order of the layers   
Structure Description  
Skin  Outer layer of body  
Superficial fascia Mostly composed of fat for thermal insulation  
Deep fascia  Wrapping of dense connective tissue (regular/irregular)  
Muscle Bundle of fascicles surrounded by epimysium  
Epimysium Dense irregular connective tissue surrounding the entire 

muscle (multiple fascicles) – thicker than perimysium  
Perimysium  Dense irregular connective tissue surrounding the fascicles  
Fascicles  Bundle of myocytes surrounded by perimysium 
Endomysium  Loose irregular connective tissue surrounding myocyte that 

contains the nerves and capillaries that supply the myocytes  
Basement membrane Connective tissue that surrounds muscle fibres and blend 

with the endomysium; formed by myocyte and 
endomysium-secreting cells  

Myocyte (myofibre) Cellular unit of muscles that contain many myofibrils, 
sarcoplasm and sarcolemma  

Myofibril  Unit of contraction composed of many sarcomeres  
 

 Arrangement of fascicles: determine how powerful the muscle is, how much contraction it can generate, and the direction of pull  
 

 Features of myocytes: 
 Myofibril: a bundle of myofibril for contraction  
 Sarcoplasm: active cell cytoplasm; area between myofibrils that 

contains high amount of mitochondria, glycogen (and some lipid), 
myoglobin (for oxygen)  

 Sarcolemma: cell membrane of myocytes that allows to conduct 
action potentially really quickly  
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Serosa Connective tissue Inner layer Covering; slippery outer covering for the 
stomach within the body cavity  Outer mesothelium Outer layer 

 
 Short lived nature of epithelium: cell division occur deep in the glands, then the entire sheet move slowly up the gland walls; 

entire journey lasts ~5 days  
 

Mucosa of colon   
Cells Description  
Columnar absorptive cells 
(enterocytes)  

Outer absorptive cells that absorb the small molecules resulting from digestion; covered in microvilli 
Short lived; old cells are shed from villous tip  

Goblet cells Secrete mucous for further lubrication  
Undifferentiated cells Stem cells dividing to generate new epithelium 
White blood cell Mostly lymphocytes which provide defence against bacteria invading from the lumen of the colon  

 
 Diarrhoea: caused by too much intestinal motility and not enough time for reabsorption  

 Enterocyte dysfunction: enterocytes fails to reabsorb properly 
 Cholera toxin: continued release of Cl-  

 
 Constipation: too little intestinal mobility; can be remedied by laxatives 

 
 Rectum: final ~20cm of the gut tube 

 Epithelium: mostly stratified squamous due to friction  
 

 Anal canal: last 2cm of rectum 
 Involuntary smooth-muscle sphincter: involuntary control of defecation  
 Voluntary skeletal muscle sphincter: voluntary control of defecation (larger for children)  

 
 Urge to defecate: felt when rectums fill to about 25% of its capacity – stretching of the rectal wall that initiates a 

reflex contraction of teniae coli in the descending colon and rectum, increasing pressure in rectum – internal anal 
sphincter relaxes as a part of the reflex 

 Control of defecation: if time is convenient, external sphincter is relaxed voluntarily; if not, it is maintained in the 
contracted state and the defecation reflex subsides  
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