
Circulation 
• The four major exchange surfaces in the body include lungs (oxygen, water, and carbon 

dioxide), skin (salt and water), digestive tract (glucose, amino acids, ions, water) and kidneys.


• Pressure, heat, hormones and immune cells also move in circulatory system.

• Circulatory system is in general made of a pump, a circulating fluid and vessels for this 

circulating fluid to travel in.

• Fun fact: heart begins beating 3 weeks after fertilisation.


• Animals need circulatory system to transport oxygen and nutrients around the body to 
tissues and organs, waste product must be removed. There’s also communication via 
hormones (endocrine) and temperature regulation and reproduction.


• Circulatory systems evolved along increased metabolic demands in larger animal.

• The theoretical size limit for an animal if only diffusion occurs is a radius of about 1 mm because  

if it is more than that, the cells in the middle will get very low amount of oxygen and die.

• Animals without circulatory system have high surface area to volume ratio, often because 

they’re either thin, porous or hollow.


• Animals with a circulatory system transport oxygen by convection, which is the bulk 
movement of fluid. Heart is responsible for creating convection current.


• Convection is much faster than diffusion.







Open circulatory system  
• Found in animals with external skeleton; arthropods.


• Cells are bathed directly in blood plasma.


• Extracellular fluid is called haemolymph.


• Valves present in the entrance and exit of the heart to 
ensure one-way flow.


Closed circulatory system 

• Blood remains in vessels and extracellular fluid bathes cells, there is limited exchange 
between the two.


• In closed circulatory system, blood and extracellular fluid is separate.

• The little bit that leaks out from blood vessels is taken care of by lymphatic system and will 

be transported back to the heart.


• This is a more efficient way to transport nutrients as you can pressurised the system.

• Convected blood is separated from the cells by the wall of the blood vessels and by 

extracellular fluid.


• Diffusion occurs across capillary wall into extracellular fluid and then cells.


• Convection requires metabolic (chemical) energy for muscle contraction of the heart. This 
energy is transferred into the movement of blood (potential energy = pressure and kinetic 
energy = flow)


Hearts 



• Hearts often have several chambers in sequence (blood flows from one chamber to 
another), sequential contraction and linear flow which ensures one-way movement of the 
blood.


• Arteries carry blood away from the heart and veins carry blood back towards the heart.


• Pulmonary artery/vein is related to blood transport to lungs.


• Aorta is the largest blood vessel in your body.


• In diastole, ventricles are filling with blood and they are relaxed.


• In systole, ventricles are pumping out blood and they are contracted. 


• The muscle (wall) in the left ventricle is thicker than right ventricle because the blood 

pumped from the left ventricle must travel a long way (throughout the body) so sufficient 
pressure must be applied to ensure efficient delivery of oxygen and nutrients to limbs.


Movement of blood 

• Blood enters right atrium through the superior and inferior vena cava, fills up the right atrium 
and moves into the right ventricle by tricuspid valve. The heart contracts and squeezes blood 

through semilunar valve and pulmonary artery to the lung. Blood comes back from the lung 
through pulmonary vein, entering the left atrium. Then it moves into the left ventricle via 
bicuspid valve and when the heart contracts, blood leaves the heart through the aorta.


• Sources of contraction includes muscle (myogenic; in vertebrate) and nerves (neurogenic; in 
insects).


• Vertebrate cardiac muscle is a specialised type of striated muscle. Electrical depolarisation of 
these muscles causes contractions.


• Muscle cells are interconnected (intercalated discs), they have desmosomes which connects 
them physically and also gap/communicating junctions (the gap junctions result in 

somewhat continuous cytoplasm so action potential can be propagated from one cell to 
the next).


• Pacemaker activity is done by SAN (sinoatrial node) which starts at the right atrium.




• It will depolarise spontaneously and begin the propagation of action potential across the two 
atria. The action potential will be picked up by AVN (atrioventricular node) and doesn’t enter 
other parts of the ventricles due to presence of non-conducting layer..


• There will be a short delay to allow the ventricle to be fully filled with blood before it 
contracts.


• After AVN, the impulse will travel down the AV bundle (bundle of His) which continues 
conduction of signal and they reaches Purkinje fibres.


• The contraction of the ventricular will be propagated from apex of the heart upwards.


• P wave represents atrial 
depolarisation,


• QRS complex is a result of 
ventricular depolarisation,


• and T wave comes from 

ventricular repolarisation.


• Atrial repolarisation is hidden 
by the QRS complex.


•
Blood  
• Blood consists of plasma (yellowish fluid containing protein) and suspended cells produced in 

bone marrow.


• Red blood cells or erythrocytes transport O2 and are the most numerous; containing 
haemoglobin.


• White blood cells or leukocytes are less common, their roles protecting the body against 

disease (immune system).

• Thrombocytes which are cell fragments called platelets do not contain a nucleus or DNA.




• Huge cells or megakaryocytes in the bone marrow pinch off platelets which take part in wound 
healing and clot formation.


Blood vessels 

• Arteries have thick layer of smooth muscle which allows them to change their diameter 

and to resist the pressure from the heart. They also have elastic tissue which will dampen 
the change of pressure and result in continuous flow of the blood.


• Vein have thinner layer of smooth muscle but they have valves to ensure one-way flow in low 
pressure system with the help of skeletal muscle movement.


• Capillary, which is the site of exchange, only have endothelium cells. Capillaries have gaps 
between the endothelial cells called fenestra.


• Arterioles are often called resistance vessels because it can impose major resistance to blood 
flow (it can constrict completely or dilate to several times their normal size).


• Double circulation gives total separation of oxygenated and deoxygenated blood.

• Windkessel effect gives constant flow.


• Ateriosclerosis — hardening of arteries which happens when arterioles are damaged, 
causing fibrous muscle tissue to stop forming and elastic effect is lost.


• Atherosclerosis — fatty deposits (build-up of cholesterol near the site of arteriole damage 
causing blokage).


Regulation of heart rate and blood pressure 
• Mostly controlled by brain (from sensory system to the vasomotor centre in brainstem).

• Baroreceptors in the large veins, aortic arch, and carotid sinus (up to the brain) monitor 

pressure for effective delivery of blood and information can be used to adjust heart rate.


• Chemoreceptors in carotid (O2) and aortic body (CO2 and pH).

• Vasomotor centre is also sensitive to CO2 levels.


• Vasomotor centre also regulates respiration; exercise leads to decrease in O2 level and 
increase CO2 level and these changes is detected by the chemoreceptor in the carotid and 
aortic bodies, there will be an increased rate and strength of heartbeat which leads to 
increased blood to muscles and increase level of O2 and decrease of CO2 


• When you’re doing exercise, vessels leading to muscles are dilating while vessels in the 

guts are constricting (since you’re not running and eating at the same time) and the 
communication back to the heart is via vagus centre.


• The increased strength of heartbeat will be detected and moderated by baroreceptor which 
detect blood pressure.




Lymphatic system 
• Lymphatic capillaries are mingled in interstitial spaces.


• Interstitial fluid enters lymphatic capillaries through gaps between endothelial cells, some of 

which have valve-like flaps to prevent reverse flow.

• Lymph is moved as a result of smooth muscle contractions in walls of larger lymph vessels 

or due to external pressure caused by adjacent skeletal muscle contraction.


• It plays an important role in tissue fluid balance by removing escaped plasma protein from 
blood vessels and excess interstitial fluid.


