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Neurophysiology



Action potential

Inside of neuron has lots of K+ and outside of neuron has lots of Na+

1. NT binds to ligand-gated Na+ channel on the dendrite
2. Small amount of Na+ enters
3. Inside of cell becomes more positive
4. Voltage-gated Na+ channels open and Na+ floods in
5. Inside becomes more +veand more Na+ channels open down the 

axon
6. Meanwhile, K+ channels open proximally and K+ floods out, 

causing hyperpolarisation
7. Then Na-K-ATPaserepolarises the cell



Release
Å Signal transduction at the synapse
Å AP reaches axon terminal
Å Voltage-gated Ca2+ channels open ĄCa2+ influx
Å Ca2+ initiates exocytosisof vesicles containing neurotransmitter



Action
Receptor types Mechanism Speed

Ionotrophic
Binding of NT Ą ion channel opens or 

closes Ą change in membrane potential
fast synaptic transmission

Metabotrophic
Binding of NT Ą enzyme activation and 

intracellular signalling 
Slower synaptic transmission



Degradation

1. Enzymatic degradation (eg. AChEbreaks down Ach into acetate and 
choline)

2. Diffusion away from synaptic cleft
3. Reuptake into presynapticterminals (eg. cholinereuptake)
4. Uptake by astrocytes



Motor end plate
Excitation

Å AChbinds to receptor on the motor end plate

Å Na+ channel opens

Å Na+ influx 

Å Small depolarization (change in endplate potential)

Å Action potential propagated across the sarcolemma(cell membrane) in both directions

Excitation-contraction coupling 

Å AP spreads down the T-tubules (invaginations in the sarcolemma)

Å Voltage-gated Ca2+ channels in the sarcoplasmicreticulum open

Å Ca2+ influx into sarcoplasm

Å Ca2+ binds to tropomyosinĄ change in conformation Ą troponin moved out of the way of the myosin binding 
site on actin

Å Myosin head attaches to actin(crossbridgeformation) with the addition of ATP

Contraction

Å ActinǇǳƭƭŜŘ ŀƭƻƴƎ ōȅ ŀ ŎƘŀƴƎŜ ƛƴ Ƴȅƻǎƛƴ ŎƻƴŦƻǊƳŀǘƛƻƴ ό!¢t ǳǎŜŘύΣ άǇƻǿŜǊ ǎǘǊƻƪŜέ

Å Myosin head detaches and reattaches further along the actinmolecule (with addition of ATP on myosin)

Relaxation

Å AChno longer in synapse

Å Ca2+ removed from sarcoplasmand taken back into sarcoplasmicreticulum

Å Troponincovers the myosin binding site on actin





Basic Neuroanatomy



Basic Neuroanatomy

ÅLobes
ÅMajor areas
ÅSulci
ÅDiencephalon
ÅMajor connections
ïCorpus callosum
ïInternal capsule
ïCorona radiata

ÅBrainstem
ÅSpinal cord











Basal Ganglia

The basal ganglia are a group of nuclei within the brain. They are, in 
general, responsible for facilitating wanted movements/behaviour 
(direct pathway) and inhibiting unwanted movements/behaviour 
(indirect pathway). They act through complex interconnections with 
other neural structures.

The major components of the basal ganglia are the:
Å Caudate nucleus (lies in the wall of the lateral ventricle, medial to 

the internal capsule)
Å Putamen(lies lateral to the internal capsule)
ÅGlobusPallidus(lies lateral to the internal capsule)

NOTE: Caudate + putamen= striatum. Putamen+ globuspallidus= 
lentiform nucleus. 



Basal Ganglia





Cortex

Striatum

(caudate + putamen)

Substantia 

nigra pars 

compacta

Internal globus 

pallidus + subtantia 

nigra pars reticulata

Thalamus

Motor areas

Movement

External globus 

pallidus

Subthalamic nucleus

Corticostriatal 

pathway

Dopamine 

acting on D1 

receptors

Dopamine 

acting on D2 

receptors

Indirect pathway 
(inhibits unwanted 

movements) Direct pathway 
(facilitates wanted 

movements)

NOTE: 
blue = direct pathway, 
green = indirect pathway, 
dotted line = inhibition, 
solid line = stimulation.



Meningesand CSF



Meninges

There are three layers of meninges(from external to internal):

Dura mater
Made up of two layers ςthe periosteallayer attached to the skull and the 

meningeallayer. These layers are normally fused but at certain points, the 
meningeallayer plunges into the brain forming duralsepta. These points 
are the falx cerebri, falx cerebelliand tentorium cerebelli.

Arachnoidmater
The arachnoidmater does not run into the sulci, but attaches to the piavia 

web-like projections.

Piamater
The piamater runs along the contours of the brain, following each gyrusand 

sulcus.



CSF

Cerebrospinal fluid (CSF) is a fluid that surrounds the brain and helps to 
nourish and protect it.

CSF production
CSF is produced in the choroid plexus of each ventricle. The choroid plexus is 

a group of capillaries lined by ependymalcells (a type of glia). These 
ependymalcells are connected by tight junctions, so they create a barrier 
ǿƘƛŎƘ ǇǊŜǾŜƴǘǎ ǎǳōǎǘŀƴŎŜǎ ŦǊƻƳ ƎŜǘǘƛƴƎ ǘƘǊƻǳƎƘ ǘƻ ǘƘŜ /{CΧ ǳƴƭŜǎǎ ǘƘŜ 
substance can get directly through the ependymalcells. Therefore, the 
ependymalcells act to filter blood to form CSF.

CSF circulaton
After it is produced, CSF travels through the ventricles and into the 

subarachnoid space via the lateral and median apertures in the walls of 
the fourth ventricle. The motion of the CSF is aided by long cilia of the 
ependymalcells lining the ventricles.





CSF

CSF regulation
In adults, the normal CSF volume is approx. 150mL. Approx. 500mL of CSF is produced and drained each 

day. However, if something obstructs drainage, the CSF will accumulate, resulting in hydrocephalus.

CSF drainage
CSF drains from the subarachnoid space through arachnoidvilli into the duralvenous sinuses. Arachnoid

villi are little tufts of arachnoidmater that poke through the meningeallayer (the inside layer) of 
duramater and project into the superior sagittalsinus. 

Dural venous sinuses
The CSF and venous blood drain into the duralvenous sinuses. These sinuses are formed where the 

menigeallayer of the duraplunges into the brain while the periosteallayer stays lining the skull, 
creating a space. This space is filled by venous blood. 

The duralvenous sinuses include the superior sagittalsinus, inferior sagittalsinus, straight sinus, 
transverse sinus, sigmoid sinus, cavernous sinus, and some other smaller sinuses (see picture).

The duralvenous sinuses drain into the internal jugular veins (via the cavernous sinus).  





Vascular neuroanatomy



Arterial supply

Å The Circle of Willis is the most important feature in arterial supply to the brain. It is formed by 
anastamosesof arteries coming in, and arteries going off to the brain. 

Å The arteries coming into the Circle of Willis are the basilar artery (formed by the two vertebral 
arteries which come off the subclavianarteries) and the internal carotid arteries.

Å The arteries coming out of the Circle of Willis are the anterior, middle and posterior cerebral 
arteries (all paired). The anterior and middle cerebral arteries look to be continuous with the 
internal carotid arteries in the Circle of Willis. The posterior cerebral arteries are formed by 
bifurcation of the basilar artery (see picture). 

Å Anterior cerebral Ąmost of the medial and superior surfaces of the brain and the frontal pole
Å Middle cerebral Ą lateral surface of the brain and the temporal pole
Å Posterior cerebral Ą inferior surface of the brain and the occipital pole

Å There are two posterior communicating arteries and one anterior communicating artery, which 
anastomoseto help form the Circle of Willis.




