
Human Physiology – PHYS20008 – Lecture Notes 

Lecture 1 – Introduction 
Do the pre-reading / online modules before lectures if you find them helpful. This can 
help you to prepare for the lecture so that you have a foundation for the subject. 
 
Lecture 2 – Homeostasis 
Definition 
Homeostasis is the maintenance of a relatively constant internal environment. 
Homeostasis is essential as the cell has adapted to survive in these conditions only. Cells 
need glucose, pH specific to 7.4, temperature, water, oxygen saturation. Note that 
behavioural responses to maintain physiological conditions count as physiological 
conditions e.g. putting on clothes. 
 
The process of homeostasis 

(1) Detection of changes – a sensor or receptor e.g. the brain, thus why it is so protected 
(2) Controller or integrator – the integrating center is generally in the brain as well, it takes the 

information from the sensor, processing it, then sending the response out to the organ which 
needs change (“effector organ which can make the adjustment”). Integration involves 
hormones (endocrine system) or through nerves (nervous system). Advantage of the nervous 
system is it is fast, but it is very specific so it is more difficult for a more systemic change. 

(3) Response = return to desired range i.e. a negative feedback loop 
 
The afferent pathway sends the message from the sensor to the integrating centre and the efferent 
pathway sends the message from the integrating centre to the response organ. 
 
Positive feedback loop 
Reinforces the stimulus and escalates the response. Opposite of a negative feedback 
loop which tries to maintain the conditions within a very small desired range. Not many 
examples in the body, but some includes the Ferguson Reflex (giving birth), blood 
glucose, action potentials, ovulation. 
 
Diffusion 
Molecules moving from higher to lower concentration to balance the concentrations 
on both sides. It is a passive process and occurs spontaneously, if possible. Proteins 
and large molecules like ions can’t pass through the cell membrane without facilitation. 
Lipid soluble molecules can pass across freely. 
 
Tonicity 
Tonicity is the concentration of only the non-penetrating solutes and is always in reference to the extracellular 
compared to the intracellular. Tonicity is important to understand because, as the solutes are non-penetrating so 
can’t move themselves, the way concentrations are balanced is through the movement of water.  

- Isotonic – same tonicity 
- Hypertonic – the solution outside the cell has extra non-penetrating solutes 
- Hypotonic – the solution outside the cell has fewer non-penetrating solutes 

 
Osmolarity 
Osmolarity is the total concentrations of solutes, both penetrating and non-penetrating, Normal cell osmolarity is 
about 280mOsm. The body tries to maintain osmotic equilibrium which means the total number of solutes is 
approximately equal on either side of the membrane, though there are different concentrations of the types of 
particles between the layers.  

- Plasma – fluid outside the cell in your blood vessels 
- Interstitial fluid = fluid outside the cell between cells and blood vessels 
- Intracellular fluid 

 
Fick’s Law 
Describes how readily a molecule will diffuse i.e. describes the rate of diffusion. 
The greater the surface area, concentration gradient and/or membrane 
permeability, the higher the rate of diffusion. The greater the membrane thickness 
and/or molecular weight (square root) of solute, the lower the diffusion rate. 
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Lecture 3 – Membrane Potential 
Neurons 
Made up of the cell body with dendrites (considered the input zone) which then sends 
the signal down the axon (called the conducting zone) where it is sent down to the axon 
terminal which is the output zone.	 
 
Generating the action potential 
The body is in osmotic equilibrium however the make-up of the intercellular vs extracellular fluid is different. You 
have a lot more potassium inside the cell than outside the cell due to the Na+-K+ ion pump. Because permeability 
of the membrane to ions is 0, it is the concentration gradient which allows for this electric potential, ready for an 
action potential when generated. 
 

*The following potentials are equilibrium potentials i.e. Eion = the exact charge to equally 
oppose a concentration gradient to keep the net movement of ions at 0. The current potential 
of a cell will affect which way the ions will travel.  
- Ideal potential for K+ = -90mV. It is a negative concentration because holding a high 

concentration of positive ions inside the cell requires a negative potential to stop it moving 
- Ideal potential for Na+ = +60mV. It is a positive concentration because you want to keep 

the majority of the sodium concentration outside of the cell 
 
Membrane potential 
RMP refers to the resting membrane potential, for most cells the RMP is -70mV due to the 
balance of the ideal potentials for K+/Na+. A membrane has potential when there is a net 
charge across a membrane. The actual ions that are going to be active in this process is a 
very thin layer of separated charges. At a resting membrane potential of -70mV you have a 
relatively small diffusion of Na+ inward and relatively large diffusion of K+ outward.  

 
Driving an action potential 
This occurs when the cell first allows for the Na+ permeability across the membrane to increase; 

1. Na+ permeability increases 
2. Na+ moves into the cell, driving the overall potential in the cell closer to +60mV 
3. K+ permeability increases  
4. K+ moves out of the cell, driving the overall potential closer to -90mV 
The basic rule to remember is, if the permeability of an ion increases, the overall 
potential moves towards the equilibrium potential of that ion. 

 
Note that the reason why the RMP is -70mV and not the average (-15mV) is because the cell is more relatively 
permeable to K+ rather than Na+ which means the net potential is drive closer to the equilibrium potential of K+ 
 
Na+-K+ ATPase 
A pump which is regulated by the relative concentrations of sodium ions so that it 
can keep ion concentrations about where they should be. This pump is active (uses 
ATP) to pump Na+ out of the cell and K+ back into the cell.  
 
Lecture 4 – Action Potential #1 
Example question 
If a mystery ion with a positive charge has an equilibrium potential of -60mV and membrane potential is 70mV, 
then the ion will… have a net movement into the cell because there is a larger negative charge inside the cell in 
comparison to equilibrium, therefore the positive charge will be attracted to the negative net charge.  
 
Plotting Membrane potential 
When we discuss membrane potential we typically plot membrane potential (mV) 
against time (msec). Note that we define an “increase in potential’ as potential 
becoming more negative i.e. hyperpolarisation. Thus, depolarisation is in the 
opposite direction, becoming more positive.  
 
We can also plot the response as a measure of graded potential changes which just 
shows the change in membrane potential relative to resting potential. These changes 
can be a result of stimulus or ion flux. It is an isolated event which isn’t strong enough 
to cause an action potential yet. It returns to resting potential after that because of the 
balance due to the leak of Na/K ions across the membrane  
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Current flow during Graded Potential changes 
The process of graded potential changes; 
1. Closed sodium channel on the membrane 
2. Triggering event opens Na+ channels which depolarises that active area 

inside the cell, causing a graded potential. It depolarises by moving along 
the negative membrane. 

3. You get a (gradually diluted) loss of charge on either side of the initial 
site of potential change, otherwise called the decremental spread of 
graded potentials 

4. If changes in the membrane potential reaches -50mV then we have 
reached the threshold potential and an active potential starts 
 

Voltage-gated sodium channel 
Once -50mV is reached, the voltage-gated sodium channel will change conformation to suddenly 
allow a rapid influx of Na+ using its activation gate. The conformation change will again change 
conformation to trigger the closing of the inactivation gate once the cell reaches +30mV. You need 
to be able to describe the mechanism of the conformation gate of these inactivation / activation 
gates. Resetting back to the original conformation occurs at <-50mV. 
 
As described, the triggering event of an action potential is a positive feedback system because 
depolarisation à opens voltage-gated Na+ channels à influx of Na+ à depolarisation of adjacent 
parts of the cell à opens another channel à et cetera! 
 
Voltage-gated potassium channel 
Unlike the sodium channel, the potassium channel only has one gate, and it undergoes its conformation to 
allow K+ to leave the cell once the membrane potential has reached maximum depolarisation (+30mV). 
Note, it is also triggered at -50mV, but the conformation response is delayed. Once this occurs, K+ leaves 
rapidly which results in the potential hyperpolarising to -80mV. The Na+/K+ pump then resettles the 
membrane potential back to -70mV (RMP). 
 
Permeability changes and ion fluxes during an action potential 
Channel opening counts as hyper-permeability.  
 
Lecture 5 – Action Potential 2 
Membrane permeability 
Na+ permeability increases with the action potential (i.e. rapidly to cause the action potential) but the K+ 
permeability is a delayed reaction which eventually results in the hyperpolarisation of the cell, back to resting 
membrane potential. An action potential can move at a speed of 0.5m/s – 150m/s. Recall that the K+ permeability 
is 75 times the permeability of Na+, but in an action potential, the permeability increases a factor of 600.  
 
 
 
 
 
 
 
 
 
 
*Note that Ouabain (an inhibitor of Na-K ATPase) because the magnitude of the action potential is always constant 
so long as you are reaching the threshold -50mV. Over a long period of time, you would lose potential which would 
minimise the action potential but if it applies right before, there is no way it can change the massive sea of 
concentration in the cell. Activity: draw an action potential graph with labels from memory 
 
*Note: theoretically, if we did not have K+ channels to repolarise the cell, we’d still be 
able to repolarise the cell through the leftover Na/K leak channels which would 
eventually allow for the return to the RMP. The importance of the K+ channels is to 
allow the same neuron to fire again milliseconds later. Make sure you are specific with 
whether you are referring to leak channels or gated ion channels 
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Magnitude of action potentials 
If you want to send a stronger signal, you just send more frequent and faster signals down the 
neuron. You are not able to increase the intensity of the action potential. 
 
Axon Hillock 
This is the region on the axon called the trigger zone which is where the action potential is 
triggered to begin once the graded potential is above the threshold of -50mV. The ‘signal’ i.e. 
the action potential is propagated down the axon through several adjacent sodium gated ion 
channels. This means that you don’t lose the strength of the signal, not even down separate 
branches of the axon. Don’t be tricked by the diagram, action potentials are usually bi-directional. 
 
Refractory periods 
There are two important periods to remember; 

1. Absolute refractory period – a period where that axon absolutely 
can’t fire an overlapping action potential at that time. Once the 
conformation of the sodium gated channel is back to its baseline 
“ready” state (i.e. <-50mV), then it is ready to reset 

 
2. Relative refractory period – a period where it is relatively difficult 

for the neuron to fire another signal as you are in the 
hyperpolarisation state so you are further away from threshold. 
Therefore, it’s just going to require a bigger trigger event to start 
another signal in this period.  

 
Conduction Velocity 
Conduction velocity is the fancy name for the speed at which an action potential travels along an axon (0.5-150m/s) 
and is determined by two factors; 

1. Diameter of the axon – the wider the axon, the faster the action potential can travel 
down it because there is less resistance to ion flow down the axon (think about sucking 
water through a big versus small straw) 

2. Myelination – only exists in vertebrates. Vertebrates have myelin sheath because we 
need to be able to contain the axons of 100 billion neurons in our brain. i.e. we want a 
very narrow axon but we don’t want to lose any of the speed of the conduction velocity 

 
Myelin and Nodes of Ranvier 
Myelin is basically like insulation with gaps in between called the Nodes of Ranvier. Therefore, 
our action potential signal skips those myelinated sheaths by jumping between nodes. This 
hugely increases the speed of the conduction. This conduction method is called saltatory 
conduction. We use myelin selectively so that we can receive time signals such that there can be 
communication between different neurons e.g. coordinating signals between sight and smell 
despite things being spread apart from different distance. 
 
Lecture 6 – Synaptic Transmission 
Process of the synaptic transmission 
The pre-synaptic cell is the neuron with the signal travelling down, which will release the chemical 
signal and the post-synaptic cell will receive the signal with its receptors. The entire process is as follows; 

1. Action potential depolarises the axon terminal 
2. Depolarisation opens calcium gated channels and calcium enters the cell 
3. Calcium entry triggers exocytosis of synaptic vessel contents 
4. Neurotransmitter diffuses across the cleft and binds with receptors 
5. Neurotransmitter binding initiates a response in the postsynaptic cell 

 
Packing the synaptic vesicle 
Requires specific ATP-driven pumps as we are packing the vesicles to an extremely high concentration, therefore, 
are working against any type of concentration gradient, disallowing the chance for passive diffusion. 
 
Important concepts to understand for synaptic transmission 
- Voltage-gated calcium channel - allows calcium to enter the cellular response of docking protein binding 
- Docking protein – the synaptic vesicles bind here before the protein’s conformation change triggers its release 
- Reuptake – as such a high concentration of NT is released, we reuptake to repackage and reuse for next release 
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Types of Neurotransmitters 
We also classify neurons in this way, e.g. an excitatory neuron releases an excitatory neurotransmitter. 
A cell will never be excitatory and inhibitory.  

- Excitatory – “turns on the next cell” – leads to a small depolarisation in the target cell 
- Inhibitory – “turns off the next cell” – leads to a small hyperpolarisation in the target cell 

Common examples of neurotransmitters include acetylcholine (with its nicotinic and muscarinic 
receptors), noradrenaline (with its adrenergic receptors). SSRIs block the reuptake of serotonin so 
that serotonin stays in the synapse for longer. 
 
Compulsory neurotransmitters to know; 

1. Glutamate – is the most common excitatory neurotransmitter in the human brain – ICR (Na+, K+)  
2. GABA – is the most common inhibitory neurotransmitter in the human brain – ICR (Cl-) - buffering 

 
Types of Neurotransmitter Receptors 
As you have been doing in pharmacology! 

- Ionotropic – ligand-gated ion channels – the receptor itself is an ion channel for a specific ion 
- Metabotropic – G protein-coupled receptors – initiation results in a series of intracellular events 

 
Neuromuscular Junctions 
An action potential from a neuron will excite a skeletal muscle cell which will result in a 
consequent contraction.  neurons are the neurons which come out of the spinal cord to interact 
with our skeletal cells at the neuromuscular junction. The reason this system is special is you 
want to make sure that one action potential will 100% lead to an action potential (and 
contraction) in that skeletal cell. This isn’t how it works with neurons. Therefore, there must be 
a stronger synapse at this junction! Which it is due to several features including; 
 

- Many more nicotinic receptors with ridges for increased surface area on the post-synaptic cell membrane 
- More neurotransmitter is released by the alpha motor neuron, releasing a huge amount of acetylcholine 
- Acetylcholine esterase immediately breaks acetylcholine down so that one action potential fired equals one 

and only one action potential fired by the skeletal muscle, allowing for fine and precise control 
 
Excitatory and inhibitory neurotransmitters 
A neurotransmitter can have an excitatory and inhibitory effect if it is synapsing at a post-synaptic 
membrane which has a chloride pump versus one which doesn’t. i.e. 

- Without a chloride pump – ECF > ICF, so when the chloride channels open the chloride 
flows in, leaving the inside of the cell more negative so membrane potential swings back 
towards -70mV (equilibrium potential for chloride) 

- With a chloride pump – ICF > ECF, so when the chloride channels open the chloride flows out 
of the cell, which means the cell becomes more positive (excitatory) 

 
Lecture 7 – Graded potentials and Circuits 
Responding with action potentials 
Firstly, you receive a signal through sensory receptors, which travel up to the central nervous system via 
interneurons. Then we have two options for responses; 

1. Autonomic output – involuntary – regulation of our internal environment 
2. Somatic output – voluntary – regulation and control of our external environment 
3. Enteric nervous system – complex of neurons within your gut which allow for the gut to function 

independently of the central nervous system.  
 
Different types of neurons 
Sensory neurons are the typical-looking neurons; they can have their cell body on one end or 
even in the middle. Interneurons tend to have an extreme number of dendrites from a single 
axon and finally efferent neuron tends to have long axons and enlarged axon terminals. 
 
 

Name of family Type of Receptor  Class of receptor Location of receptor 

Muscarinic GPCR - ACh Cholinoceptors Post-Ganglionic parasympathetic responses 
Nicotinic Ion Channel - ACh Cholinoceptors Skeletal muscle and ganglionic transmission 
a&b adrenoceptors GPCR - NA Adrenoceptors Sympathetic nerve responses and circulates adrenaline 
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*Important lecture note: Why is our system so complex? Because, we want different responses for the same input. 
We don’t want the exact same response every time we get the same stimulus; we need to way up context and external 
factors. Therefore, we don’t have a “hardwire” nervous system where one stimulus equals an exact response every 
time. Also, know that we can change our circuits as we adapt and grow, develop and learn. 
 
Circuitry 
There are always neurons firing, there must be a baseline (called tone) because if we had to adjust the response by 
lowering it, you wouldn’t be able to do that if your baseline was no firing at all!  
 
Difficult example question 
“If the afferent neuron is excitatory, and the interneuron is inhibitory, increasing the firing 
frequency of the afferent neuron would ______ the firing frequency of the interneuron.” E.g. 
the afferent neuron is activating the interneuron, so it’s firing frequency should increase. 
HOWEVER, in the efferent neuron, we would see a decrease because it is receiving a signal 
from the interneuron which is inhibitory so that will reduce the likelihood of the efferent neuron 
to fire. i.e. just look at the neuron which is passing out the signal directly. (*Negative feedback). 
 
Basics of the central nervous system 

1. Brainstem – most primitive – at the back = regulating our internal organs e.g. breathing 
2. Diencephalon – two parts (hypothalamus and thalamus). The hypothalamus’s job is to regulate 

homeostasis by directing a behavioural response e.g. hunger, sex	 
3. Cortex – learning and memory, personality 

 
Types of neuronal pathways 

- Divergent pathways - one presynaptic neuron branches to affect a larger 
number of postsynaptic neurons 

- Convergent pathways – many presynaptic neurons converge to influence a 
smaller number of postsynaptic neurons 

 
Initiating an action potential 
The trigger zone at the axon hillock has to reach threshold. This will occur based on the 
overall concentration of neurotransmitters being released, and ion concentrations due to 
the receptor cell responses. We know this because we can actually record potential at the 
axon hillock! Every time, it’s over threshold, we’re firing action potentials. Note that each 
potential received is about 2mV in strength. 	

- Excitatory post-synaptic potentials (EPSP)  
- Inhibitory post-synaptic potentials (IPSP) 

 
Real-estate summation 
Recall that the major difference between graded and action potentials is that graded potentials aren’t 
propagated, so they get smaller further away from their initiation site. As such, the closer the synapse 
is to the axon hillock, the stronger the impact it is going to have, i.e. “prime real-estate”. 
 
Spatial summation 
Graded potentials from multiple neurons arrive at the trigger zone together and sum to create a supra	
threshold signal (i.e. overlapping potentials after merging).  
 
Temporal summation 
If you release neurotransmitter within a short period of time (at a high frequency), they may sum 
together and create an action potential. i.e. homeostasis hasn’t been reached before the next graded 
potential comes along, see adjacent graph. 
 
Difference between presynaptic/postsynaptic inhibition 
In presynaptic inhibition, the inhibitory neuron is attached to one branch of the postsynaptic neuron 
therefore, selectively inhibits the target cell which was meant to receive the signal only. In postsynaptic 
inhibition, the inhibitory neuron fires an action potential on the main branch so all of the other 
branches are inhibited and there are no responses in any of the intended target cells.  
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Hennemann’s size principle 
If the synapsing neurons are exactly the same, the smaller neuron will 
generate an AP first as the inputs in the smaller neuron won’t be degenerated 
by the time they get to the axon hillock, in comparison to the bigger cell. 
 
We increase the force of a muscle contraction by recruiting more motor units 
(recruiting additional fibres to contract with the more force that we need). 
The way we determine which contractions happen first is the ones that go 
first have small alpha neurons going to them, and the extra bad boys that we 
also want to help have larger alpha motor neurons. Therefore, we have an 
hierarchy of which neurons we recruit to increase force of contraction. 

 
Lecture 8 - Sensory systems and vision 
Stimuli and the sensory division 
Can be internal and involve subconscious processing (such as blood pressure, blood glucose concentration, 
osmolarity) as well as external (conscious senses such as vision, hearing, taste). Proprioception is where your limbs 
are in space.  
 
Nerve endings 
Detect and interpret. If the neuron is specialised, then it might be a receptor and excitable cell 
which is able to process information and initiate an action potential if it deems it necessary e.g. 
ear and eye (photo) receptors. There are four classes of sensory receptor; 

1. Chemoreceptors – detect chemicals e.g. oxygen, pH, organic molecules 
2. Mechanoreceptors – pressure (baroreceptors), cell stretch (osmoreceptors) 
3. Photoreceptors – photons of light 
4. Thermoreceptors – varying degrees of heat. Fun fact, chilli signals the heat receptors 

and menthol signals the cold receptors.  
 
*Each sensory neuron has a different-sized receptive field (an area that it monitors). The receptive fields of primary 
sensory neurons tend to overlap. Note, convergence of many primary neurons and their receptive fields into one 
secondary sensory neuron, so you can’t actually distinguish the individual fields of that primary sensory neuron. 
Thus, convergence creates receptive fields that have lower resolution.  
 
Sensory pathways in the brain 
The thalamus is your sensory relay centre in the brain, and information comes into this centre and then is rerouted 
to the relevant cortices. This is with the exception of the olfactory pathways which goes straight to the olfactory cortex 
without passing through the thalamus. 
 
Principles of stimuli 

- Threshold - the minimum stimulus required to activate a sensory receptor  
- Population coding – for a low-intensity stimulus, the body will fire low threshold receptors 

first. To increase the intensity and duration of stimuli, higher threshold receptors are 
activated (like the alpha motor neurons!). i.e. you have receptors with different thresholds 
which are recruited based on the intensity of the stimulus received 

- Frequency coding – AP frequency indicates intensity and the duration of the action 
potential encodes the duration of the sensory effect. 

 
Vision 
Any sensory system requires a massive support mechanism of anatomical structures to 
function. Microsaccades are the miniscule movements of our eye, so if your eyes isn’t 
registering a change, over time, you won’t notice the stimuli any more. “Not much is 
happening there, let’s turn our attention to other things and ignore that that is happening.” 
 
*Fovea - Your point of focus where light focuses on the back of your retina, giving you a 
focussed image **Visual recognition – sensory information received from one side of the eye 
is then sent to the other side of the brain e.g. right eye goes to the visual cortex on the left side. 
 
Our photoreceptors are detecting visible wavelengths (between 380nm – 750nm. The hotter 
something gets, the shorter the wavelength of the radiation, and the redder the colour. Once 
the photoreceptor receives the photon, it has to translate it into an electrical impulse or 
chemical message (called transduction).  
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Anatomy of our retina 
First recognise that the reason why your fovea has such a concentrated and accurate 
image of the focussing image is because there isn’t convergence of receptor fields in 
this area. Organisation in the retina from superficial to deep; 

1. Pigment epithelium 
2. Rods (monochromatic vision) and cones (colour vision)	 
3. Amacrine and bipolar cells 
4. Ganglion cells 
5. Optic nerve 

 
Photoreceptors 
Their role is to transduce light into electrical signals. Rods are numerous and allow for black and white vision (night 
vision). All cones are situated in the fovea only, and they have three different visual pigments (opsins) which are red, 
green and blue. Using this principle, we can deduce that a person with defective cones won’t distinguish colours.  
 

1. Rod releases neurotransmitter all of the time if no light is coming in, this is called 
being “tonically active” as they have many sodium leak channels.  

2. If light comes in and hits the retinol in the epithelium, it activated the opsin, 
setting off an intracellular signalling cascade which closes the sodium channel to 
stop the neurotransmitter being released, in proportion to the amount of light. 

3. This neurotransmitter is normally inhibiting responses, so when it is taken away, 
a signal is sent off to the brain 

*Tricky question: Glutamate can be released from the photoreceptor to inhibit a bipolar 
cell if a metabotropic glutamate receptor closes nearby cation channels 
 
Lecture 9 – Motor Control 
Regulating our external environment 
Nerve-to-muscle integration. There are three different types of movement; 

1. Voluntary movement – the most complex as it requires integration of information from cerebral cortex 
2. Reflex movement – least complex as it often doesn’t make it up to your brain, integration can occur at the 

spinal cord or possibly even at the brainstem. Reflexes do not require integration in the cortex 
*For posture in particular, we even have ‘feedforward’ system where the brain initiates a movement for what is 
anticipated e.g. feedforward for anticipated postural disturbance 
 

3. Rhythmic movement – intermediate complexity, spinal circuits act as pattern 
generators, requiring input from the brainstem but you aren’t determining 
what you are doing every time i.e. you have only two decisions to make, “start” 
the movement or “stop” the movement e.g. walking 

 
Voluntary Movement 
Voluntary movements can be divided into three phases; 

1. Planning – integration between basal nuclei (from substantia nigra) and 
cerebellum for planning the movement before sending the required 
information to the motor cortex 

2. Initiation – at the motor cortex, the action potentials for the pathways 
required for executing the movement are initiated and sending te 
potential down the spinal cord 

3. Execution – movement occurs, information may also be sent to the 
cerebellum to help regulate and learn from the movement 

 
*Muscle receptors - Need to be sensitive to muscle length and muscle force to control movement. i.e. when you are 
considering what to control movement, you are intrinsically investigating your muscle length and force, but you are 
not, for example, investigating how hot your muscle is at that point in time 
 
Reflex movements 
You can have a monosynaptic reflex where there is a single synapse between the afferent and 
efferent neurons. A polysynaptic reflex has two or more synapses i.e. it could have an 
interneuron in the spinal cord. The final decision-makers for whether a muscle contraction is 
going to occur is happening at these synapses in the spinal cord.  
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Types of Sensory receptors in Skeletal Muscle 
1. Muscle spindles 

Also known as ‘stretch’ receptors, they send information to the central nervous system 
about muscle length. These spindles are made of external extrafusal fibres, inner 
intrafusal fibres and a sensory nerve ending right in the centre, detecting the contraction. 
As the muscle lengthens, we increase the firing of the sensory neuron. Therefore, the 
longer our muscle is, our feedback is telling us to contract our muscles again. We aren’t 
constantly doing this because spindles only provide a fraction of inputs to alpha motor 
neurons, which can be overridden by other signals. Be aware that sensory neurons (and 
therefore alpha motor neurons) are tonically active at all times.  

 
However, if the sensory stimuli is strong enough, the action 

potential will be enough for the alpha motor neurons to send a signal to 
ask the muscle to contract.  
 

2. Golgi tendon organs 
Also known as ‘contraction’ receptors, Golgi tendon orangs are in the tendon and consist of free nerve 
endings which intertwine	  / interdigitate with collagen fibers. As a muscle is pulled, the collagen fibers 
squish the sensory neurons, such that the neurons can report on the contraction occurring on the muscle.  
 
As the force on our muscle increases, the motor neuron is inhibited such that the muscle relaxes and the 
load is dropped. This an important reflex if you were to touch something hot or lift something too heavy. 
Activity: draw a diagram describing the inputs of spindles and golgi tendon organs in reflexes 
 

 
 
 
 
 
 
 
 
 
 

 
Lecture 10 – Skeletal Muscle 
A motor unit refers to a single alpha-motor neuron and all the muscle fibres it innervates. Motor units are parallel 
to each other which means increasing the force of contraction is about recruiting more muscle fibres to contract, it’s 
not about the same motor units contracting harder.  
 
Human Skeletal Muscle 
All skeletal muscles are a mixed collection of muscle fibres. Remember that muscle fibres are thick which means 
an action potential needs to be strong to propagate through the thickness. The fibres type vary in three major factors; 

1. Rate of myofibrillar ATPase (slow twitch and fast twitch muscles) 
2. Identity of contractile and regulatory proteins 
3. Proteins of the SR and T-tubules 

Note that the fibre type within one motor unit is all the SAME but there are many 
different fibres types within the different motor units of the body. 
 
Slow/Fast twitch 
The slow twitch muscles are fatigue-resistant, which is why your core muscles have a 
higher proportion of slow twitch fibres. On the other hand, fast twitch muscles fatigue 
easily which means they fatigue easily however a much higher force per gram can be 
exerted. Technically, type-1 refers to slow-twitch and type-2 refers to fast-twitch.  
 

Slow Twitch / Type 1 Fast Twitch / Type 2 

Slow contractile velocity and calcium sequestration. Long 
twitch duration. High aerobic capacity. Many more 
capillaries. Fewer fibres in a motor unit. First to be recruited 

Fast contractile velocity but short twitch duration. Short 
duration. High glycolytic capacity (anaerobic). More 
fibres in the motor unit means a high contractile force 

Myofibrils are made of sacromeres which are composed of thick (myosin) and thin (actin) filaments. 
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Characteristics of twitches 
- A twitch is one single contractile unit, leading to one contraction in the muscle unit. It is a theoretical concept 
- The first fibres to be recruited are the slow twitch / type 1 fibres 
- Recall that, as stated by Hennemann’s size principle, the smaller neuron will be recruited first  
- The smaller alpha motor neuron will connect to the motor units with slow twitch fibers, therefore, allowing 

them to be recruited first! 
- By increasing the strength of the signal we will progressively recruit larger neurons and faster twitch fibres 
 
Structure of muscle fibres 
Inside of one muscle fibre we have a collection of sarcomeres which are surrounded by 
sarcoplasmic reticulum. When calcium is released in, the myosin “ratchets” the actin 
and pull them along, which shortens the muscle fibre, giving a muscle contraction.		

	
Activation sequence for skeletal muscle 
The contractile response is elicited by calcium, but because the 
muscle fibres are so thick, how do we ensure that the action 
potential doesn’t just run down the surface of the neuron and 
interacts with the whole cross-section of the muscle? It does this 
using T-tubules which is an invagination of the cell membrane 
which allows for the action potential to be propagated down into 
the centre of the muscle fibre.		
	
Excitation / Contraction Coupling (EC Coupling) 
(1) Action potential from alpha motor neuron (2) Travels down 
T-tubule (3) T=tubule is mechanically coupled to the 
sarcoplasmic reticulum (4) the ryanodine receptors of the 
sarcoplasmic reticulum acts like a cork in the “wine bottle” of 
the reticulum (5) once that “cork” opens, which allows all of the 
calcium to enter the muscle fibre, this is called a spark (6) this 
release allows myosin heads to ratchet onto the actin filaments, 
pull them along and shorten that muscle fibre. There are 
pumps Ca2+-NTPase (SERCA) to get the calcium back in. 
 
How the body actually works is we fire a train of action potentials, which means 
you get a summation of twitches which stimulates many functional and integrated 
muscle contractions. Summation occurs at high frequency because you get a build-
up of the calcium concentration, and this calcium concentration in the cytoplasm 
will determine the force of muscle contraction as it will be proportional to the 
amount of myosin ratcheting with the actin. *Definition: The state of reaching 
calcium saturation allowing for maximum muscle contraction is called tetanus. 
 
What determines twitch duration? 
If we prolong the amount of time the calcium is present in the cytoplasm, then our twitch 
duration will be longer. Therefore, if calcium reuptake by the SERCA pumps is slower 
then we will have a longer twitch duration. 
 
Slower twitch fibres have a longer twitch duration which means they must have a lower 
density of the SERCA pumps on their muscle fibres, so overall they will uptake calcium 
at a slower rate. Therefore, to reach tetanus, the fast twitch muscle fibres require a higher 
frequency of action potentials as it takes more firings to reach peak calcium levels. 
Therefore, fast twitch muscle fibres are recruited after slow switch.  
 
Crossbridge Cycle – ‘Contraction’ 
Protein is made of myosin and actin. These two are able to bind to each other. Myosin head is the red 
part of the image and it is an ATPase. The actin needs ATP for the energy to allow the muscle to 
contract, so it has the ability to activate mATPase (myosin ATPase) for energy for contraction. The 
dark blue wrapped around the actin filament is the tropomyosin. The magenta parts is the troponin 
shifts the cable to the side so that it can access the actin binding sites such that myosin can crab on and 
ratchet. Calcium will bind to the troponin which pulls the tropomyosin out of the way, which means 
more myosin is able to ratchet to actin. Tetanus is complete saturation for tetanic contraction. 



Human Physiology – PHYS20008 – Lecture Notes 

Lecture 11 – Skeletal Muscle #2 
Crossbridge Cycle – ‘Contraction’ 
Myosin can grab onto the actin binding site once the tropomyosin has 
moved due to the Ca2+-troponin complex. 

1 Myosin hydrolyses ATP to move from 45 to 90 degrees 
2 Myosin head swings over to new confirmation and binds weakly 

to a new actin molecule (pulling the crossbow) 
3 Once tropomyosin moves out of the way, the bond becomes 

much stronger, and the myosin will use its ATPase activity to 
release phosphate from ATP. 

4 Myosin rotates on its hinge, pushing the acting filament past it.  
5 Myosin is in rigour state with actin still 
6 ATP binding releases myosin from the actin 

 
Therefore, the relaxed state is when myosin is weakly bound to the actin 
filament (step 2) with the ATP sitting there (before the ATP hydrolysis. 
tropomyosin movement and calcium binding to troponin.  
 
Contraction type 

- Isometric contraction – same length – exerting force but the muscle is not changing length e.g. trying 
to lift something which is too heavy to lift, Warrior pose in yoga (the force is equalling the load or 
can’t overcome it). The graph shows you can develop more force but there won’t be a contraction	 

- Isotonic contraction - muscle length changes -  when the muscle length is shortening. Usually starts 
off with an isometric contraction as you prepare your muscles. Eccentric contraction is where the 
muscle is lengthening under load. Eccentric contraction causes the most muscle damage.  

 
Force-Velocity 
Low force can be lifted at a high velocity whereas, exerting a high force means contraction will occur 
at lower velocity. Isometric contraction is where the most force is being produced by the velocity is 
at 0. Fast twitch fibres is going to be able to reach higher maximum shortening velocities.		
	
Opposing muscle groups 
Most muscle work in opposing groups, which work schematically like a pulley joint. To know which 
direction a contraction will go, we have to know how many motor units are recruited at that time by 
each muscle in the pair. 

 
*Highest velocity – in arrangement A you are 
contracting over a larger distance, so more 
distance / second i.e. velocity is proportional 
to muscle length 
 
*Highest maximum force– is proportional to 
cross sectional area, the fatter the muscle, the 
more force it can exert 
 

 
*Greatest power – power = force x velocity so they will both exert equal power overall. Therefore, ‘thin’ and ‘fat’ 
muscles can generate the same power (but will do so at different velocities as they contract with different forces). 
We can increase the power of a muscle by increasing muscle size or increasing muscle velocity by trying to develop 
a higher proportion of fast twitch fibres within their muscles 
 
When the muscle is short, there are actin filaments overlapping, meaning there are some 
in the middle which aren’t accessible to myosin filaments. When the muscle is long,  the 
actin filaments are leaving space such that myosin has too many free heads to attach to all 
actin filaments.  
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Lecture 12 – Cardiac and smooth muscle 
Classification 
If you have voluntary control over the movement of a muscle, then it must be a skeletal muscle 
e.g. diaphragm. However, pupil dilators/constrictors must be smooth muscle. Unstriated means 
smooth in appearance. Striated muscle means more rough in appearance due to the 
arrangement of thick and thin filaments. 
 
Cardiac Muscle 
The heart has larger contractile cells called ventricular myocytes. The other cells are the nodal / pacemaker / auto 
rhythmic cells which are located in the SA node. They are responsible for generating spontaneous, rhythmic 
electrical signals to regulate your heartbeat. This is where the action potentials which contract the heart begin. 
However, these cells still need to get signals from the autonomic nervous system.  
 
It is also important to recognise that cardiac contractile cells don’t have nerve innervation as it is the 
signal from the pacemaker which is sending the action potential. Therefore, the intercalated disks 
enables the action potential to spread from one cell to the other. The heart works in this way because 
we want the heart to be working altogether, not having to be signalled separately (ventricular 
fibrillation which would mean you need a defibrillator, i.e. pulse them with a massive electric current 
so that all of the cells are all depolarised so that they can all ‘reset’ so that they can all start contracting 
at the same time again). Your heart contracts from the bottom-to-the-top so that the blood can be 
squeezed up into the arteries.  

 
Action potentials in CONTRACTILE cardiac cells 
Recall that calcium ions are more concentrated in the ECF, therefore, have a positive 
equilibrium potential. Therefore, if we open up calcium channels we know that calcium 
will want to move into the cells of the heart. To create an action potential in these cells; 

1. Sodium flows in rapidly 
2. Plateau phase (250msec compared with 2-3msec) due to calcium channels 

which open up and extend the action potential as calcium moves in, keeping 
the cell depolarised for longer and extending the refractory period.  

3. Potassium flows out rapidly 
 

Also know that RMP of the heart is -90mV, which means we have a very high potassium permeability and a very 
low sodium permeability. The threshold potential of the heart is -70mV. This is what makes your heart very sensitive 
to potassium. This is why injecting someone with potassium chloride will kill them.The most dangerous part of 
crush injuries is potassium is suddenly released from intracellular muscle cells which sends the heart into fibrillation. 
 
Heart’s refractory period 
Prevents tachycardia as the refractory period sets a maximum 
heart rate e.g. 220bpm. It also helps prevent ventricular fibrillation 
as it prevents signals travelling in directions that it shouldn’t (e.g. 
doubling back on itself). You do need to be able to explain graphs 
attached on the side, in reference to ion permeability and 
contractile response.  

 
Excitation-Contraction Coupling 
You still have your myosin heads and actin filaments however, instead of your t-tubules which 
were mechanically attached to the sarcoplasmic reticulum through the ryanodine receptors, the 
ryanodine receptors of the cardiac muscle are calcium-dependent calcium release cells which 
means it is a small increase in calcium cells which causes them to open, not the mechanics of 
the t-tubule and receptors being attached. The small increase in calcium comes from the action 
potential itself. 
 
After the calcium influx, we use the sodium-calcium exchanger which uses the sodium gradient 
and passive transport to allow sodium to move into the cell, and in doing so, moves calcium 
back out of the cell.  In heart failure patients, we give them a medication which inhibits the 
sodium-calcium exchanger, which helps because there is more calcium in the cell so it helps to 
generate harder contraction of the heart (more calcium = more motor units recruited). If you 
have long-term survival potential then they won’t give you this medication.   
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Pacemaker activity in auto rhythmic cells 
RMP of -60mV and threshold potential of -40mV. The rising phase of the 
action potential is due to calcium, not sodium. The most important part to note 
in this cycle is the “slow depolarisation” which is due to cation leak leading to 
an increase in calcium into the cell. This allows the cell to beat without 
autonomic system input.  
 
By deduction, increasing calcium leak conductance in cardiac auto rhythmic 
cells should increase your heart rate as you will be reaching threshold potential 
more quickly. Thus, by tweaking the permeability for calcium/sodium, we can 
affect our heart rate. This is what the parasympathetic and sympathetic system 
does to impact our heart rate. 
 
Smooth Muscle 
The general location of smooth muscle is in the walls of blood vessels and in the layer which surround our 
oesophagus, stomach and intestines. All smooth muscle tends to be involved in tubes with a lumen, and help to 
constrict / dilate to control how much content is allowed to flow through the tube. For example, blood pressure or 
the movement of food through the digestive system.  

 
Compared to skeletal muscle, we don’t need it to contract as quickly. 
Instead, the smooth muscle is built for efficiency (as in ATP consumption). 
Smooth muscle does have actin and myosin but it doesn’t have 
tropomyosin or troponin. This allows it to get smaller in every direction. 

Smooth muscle cell ‘units’ 
Two types of innervation; 
1. Single-unit smooth muscle cells – cells are innervated by nerves via a gap junction which allows the 

cells to contract as a single unit. This is helpful for organs such as the small intestine or the urinary 
smooth muscle where it is important that all muscle cells contract together 

2. Multi-unit smooth muscle cells – each cell is not electrically linked but must be stimulated 
independently. E.g. iris of your eye or piloerection.  

 
Smooth Muscle Contraction 
The EC coupling of smooth muscle also uses calcium-dependent calcium release cells which means it is 
a small increase in intracellular calcium which causes the influx of calcium out of the sarcoplasmic 
reticulum, setting off the intracellular signalling pathway to increase muscle tension. Instead of myosin 
being stimulated by calcium, we have to actively turn on the myosin. i.e. the following steps need to occur 
for myosin to activate; 

1. Calcium binds to a protein called calmodulin 
2. Ca-calmodulin results in a chain of event and eventually the phosphorylation of myosin 
3. Myosin is now active and can work with actin to increase muscle tension (cross-bridge cycling) 

 
This makes the process slower but more efficient because the cross-bridge cycling process changes. 
Instead of myosin binding and then releasing the actin because of ATP binding, once phosphorylate by 
MLCK (myosin light chain kinase) the myosin will hold on to actin as long as possible. It will only release 
the actin until it is dephosphorylated by myosin phosphatase. This allows your blood vessels to hold shape 
all day long without using ATP and fatiguing. 

 
Example Question 
Example question which “will be put in the MST for sure” – removal of 
ECF calcium would block which processes from occurring? – The answer 
is 2, 5, 6. #1 = Action potentials in skeletal muscles is dependent on sodium 
/ potassium only. #2 – rising phase is due to calcium, therefore BLOCKS. 
#3 – rising phase is due to sodium influx, the plateau phase would be 
affected but not blocked. #4 – skeletal cells don’t need ECF calcium for 
release. #5 / #6 – you need ECF calcium for this process to occur.  
 

The main take home for this lecture is comparative.  
Funny current is an electric current in the heart that flows through the pacemaker channels. 
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Lecture 13 – Autonomic Nervous System 
Basics of the ANS 
Regulates your bodies function unconsciously e.g. digestion, cardiovascular 
system and glands. There are two divisions of the autonomic nervous system; 
parasympathetic and sympathetic. These divisions have an antagonistic 
relationship on the same organs, homeostasis is a dynamic balance between 
the autonomic branches. Example response in the sympathetic; pupil 
dilation, increase heart rate, decreases motility and secretion of the digestive 
tract, bronchodilation. 
 
Autonomic Control Centres 
The major players are the hypothalamus and brainstem (pons and medulla). 
Your brainstem controls bladder, respiration, blood pressure, whereas your 
hypothalamus controls temperature, water balance, eating behaviour, 
reproduction i.e. homeostasis which requires behaviour change. 
 
Ganglionic fibres 
- In the sympathetic system, there are short pre-ganglionic fibres from the spinal cord which 

synapse in the sympathetic trunk (thoracolumbar) but has long post-ganglionic fibres 
- In the parasympathetic system, there are long pre-ganglionic fibres from the brain (craniosacral) 

with short post-ganglionic fibres synapsing straight with the muscle / gland. Note 75% of 
parasympathetic nerve fibres are contained within the Vagus nerve 

 
Cholinergic receptors i.e. using acetylcholine 
Acetylcholine – all preganglionic terminals and parasympathetic post-ganglionic 
1. Nicotinic receptors – ganglionic transmission and skeletal muscle 
2. Muscarinic receptors – postganglionic parasympathetic effect 
 
Adrenal glands 
Sit on top of the kidneys and made of neuroendocrine tissue. They have important chromaffin cells which produce 
80% adrenaline and 20% noradrenaline. We are able to place receptors in particular parts of the body which are 
highly selective for either adrenaline or noradrenaline so that the sympathetic system can work using hormones 
rather than just nerves.  
 
Adrenergic receptors 
Noradrenaline – sympathetic post-ganglionic effect *Adrenaline – hormone released into general circulation. There 
are different receptors which means that, with the same neurotransmitter, you are able to activate and inhibit.  
 

Receptor Type Overall Effect Responsive NT Location Example 
Alpha 1 Stimulation Noradrenaline Most sympathetic target tissue Vasoconstriction 
Alpha 2 Inhibition Noradrenaline Gut and pancreas Decrease motility 
Beta 1  Stimulation NA / Adrenaline Heart Increase heart rate 
Beta 2  Inhibition Adrenaline Bronchioles and blood vessels of 

heart, liver and skeletal muscles 
Dilate airways and 
vasodilation  

 
* Note that if noradrenaline is coming in then there must be nervous transmission as NA is only transmitted through 
a nerve. If adrenaline is coming in then the only way it is making its way to the receptor is through the blood.  
**Answer to final question on lecture slides was 1,4, 5 as 5 is counteracting, using net effect, the effect of alpha 1 
 
Lecture 14 – ANS and Endocrine System 
During exercise in the blood vessels 
There are two main effects during exercise (i.e. sympathetic stimulation) 

1. Alpha 1 adrenoceptors stimulated – vessels to most target tissues constrict 
2. Beta 2 adrenoceptor stimulated – vessels to skeletal muscles, heart and liver dilates. i.e. you’re 

not dilating the aorta, but you are dilating the walls of the heart which are feeding the heart. 
 

*Note, if you have sympathetic circulation, you will signal the alpha 1 adrenoceptors which means 
blood supply to the gut is restricted so there is less movement of the GIT. Question 1 answer – 3) beta 
1 adrenoceptors. Question 2 answer – 2) asthma from narrowing of bronchioles 
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Endocrine vs Exocrine 
The endocrine system refers to hormones released	  into / travelling through the 
bloodstream e.g. insulin whereas exocrine refers to hormones released into a duct e.g. 
digestive enzymes.  
 
Features of hormones 
1. Blood-borne in a low concentration, but can still reach a distant target (in a non-

specific location as it will eventually find the specific receptors) 
2. Hormones can change rates of reactions, control transport / gene expression 

 
Three types of hormone interactions 
1. Antagonistic – hormones which act together to maintain homeostasis about a set point 

e.g. insulin and glucagon work to keep glucose concentration stable 
2. Synergism – where the effect of several hormones together give an additive effect e.g. 

glucagon, cortisol and adrenaline	  
3. Permissive – first hormone cannot exert effects without presence of a second hormone 

*Protein structure is depicted in the table below; 
 

 
PROTEIN common e.g. adrenaline STEROID e.g. estrogen, testosterone 

Short half-life i.e. broken down quickly Long half-life 

Water-soluble Lipophillic (can affect transcription) 

Receptor binding Transcriptional regulation or receptor binding  

Rapid response  Relatively slow response 
Transported whilst dissolved in fluid Insoluble; transported bound to carrier protein 

 
The Pituitary Gland 
Hangs off the bottom of the hypothalamus and is where a huge number of hormones are produced and released 
from. The posterior pituitary is an extension of neural tissue and anterior pituitary is the true endocrine gland 
(epithelial). The process of their release is; 

1. Neurons synthesising neuro-hormones release them into the capillaries from the hypothalamus  
2. Portal vessels carry the neuro-hormones where they act on endocrine cells in the pituitary gland 
3. Endocrine cells release the peptide hormones which enter capillaries to get into the rest of the body 

 
Lecture 15 – Cardiovascular System #1 
Basics 
Organised like a roadway as its main job is to distribute dissolved gases and other molecules for 
nutrition, growth, repair and waste removal. Trick question, does blood in veins carry oxygen? 
Yes! E.g. the pulmonary veins and the blood being returned to the heart still has some oxygen in 
it, the blood will never be able to deplete to zero oxygen. 
 
Pulmonary vs Systemic circuit 
Parallel circuits; pulmonary takes the blood to and from the heart and lungs whereas the systemic 
blood circulation takes the blood all the way around the body.  
 
Blood Flow 
Blood flow (L/min) decreases with increased resistance and increases with increased pressure 
difference. Increased resistance can be due to smaller width, higher viscosity or more length in the 
circuit. Of the three variables that influence resistance to blood flow, it is easiest for the body to 
influence vessel width. 	
 
 At rest, the amount of blood coming out of your heart is 5L/min, which obviously has to equal what 
is coming into the heart at the same time. When the large arteries branch, you want to consider the 
flow as a series circuit i.e. max rate of flow / number of branches. If you constrict one branch, the 
other branches get more flow so that the total rate of flow remains 5L/min. 
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Tone of blood vessels 
Tone is the activity and state of muscle contraction of the smooth muscle of blood 
vessels. There is always a basal state of muscle contraction but it can be adjusted 
to vasoconstrict or vasodilate. Myogenic activity is a reflexive activity created by the 
muscle itself. It helps where the hydrostatic pressure on the feet when standing 
should get to a level where the feet explode due to the increased pressure.  
 
To prevent this, there is the myogenic response which protects the capillary bed. 
i.e. if pressure rapidly increases (causing the arterioles to bulge) they will reflexively 
constrict to maintain a constant pressure and protect the capillary bed. They 
manage this using epithelial sodium channels (ENAC) which are pores in the 
epithelium which distorts when the vessel is stretched to open a sodium channel. 
Sodium influx into the smooth muscle causes constriction. 

Pressure Gradients 
From highest to lower pressure blood vessels; aorta à arteries à capillaries à veins à venae 
cavae. i.e. Pressure decreases as we move through the system. The MAP out of your heart is 
about 99mmHg compared to 2mmHg when it enters you heart again. This loss of pressure is 
mostly due to friction. Flow is proportional to the difference in pressure. 
 
Blood velocity 
Blood has its lowest velocity through the capillaries because the cross-sectional area of capillaries 
is relatively “massive”. Therefore, if the rate of flow is staying the same (same amount of blood 
flowing through). Flow = A X v which mean to keep flow constant at such a high cross-sectional 
area, the velocity through the capillaries is small. The slow flow is important to facilitate the 
diffusion process. 
 
Blood vessel structure 
Arteries have high proportions of elastic & fibrous tissue and smooth muscle; they are 
considered very elastic which means it better able to expand and accommodate the stroke 
volume à Arterioles are just smooth muscle à capillary are just endothelium à venules are 
epithelium with some fibrous tissue à veins are an equal proportion of all tissue types. They 
are wider and less elastic but can expand easily as 64% of your blood is in your systemic veins at 
any time. We can constrict our veins to push out the reserve in the venous system to send it to 
the heart which will redistribute it to the rest of the body. 
 
Capillary Exchange 
Recall that the ECF is divided into the plasma (fluid inside the vessels themselves) and the interstitial fluid (between 
the vessels and other vessels). The plasma and interstitial composition is almost identical but the only things that 
can’t escape the capillaries to enter the interstitial fluid are blood cells and proteins as they are too big. Everything 
else can diffuse across as per its concentration gradient. The only way to move proteins is through vesicular transport. 


