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       C2.2.1—Neurons as cells within the nervous system that carry electrical impulses. C2.2.2—Generation of the 
resting potential by pumping to establish and maintain concentration gradients of sodium and potassium ions. 

C2.2.3—Nerve impulses as action potentials that are propagated along nerve fibres=>
o nerve cell is a specialized cell which is the primary component of the nervous system. It is adapted to receive and transmit signals in the form of electrical impulses action potential and chemicals neurotransmitters

S axon terminals : terminating portions of the branches of the axon whichDendrites : multiple short fibres projecting from the cell Al
body soma which receives electrical impulses transmit electrical impulses from the axon to other cells

-⑬- -tricalimpulse
and propagates them towards the cell body at junctions synapses by using chemical neurotransmitters--

Es
⑭

cell body soma : contains nucleus and other organellesE
axon : long , elongated single fibre which receives electrical impulses from soma and carries it away towards the axon terminals

Membrane potential : the potential difference voltage between the interior and exterior of a cell due to an imbalance of charges. Represents the energy J per charge C required to move a cation from outside to inside of a cell

outside cell
·*

Resting potential : the potential difference across the membrane of a neuron when it is not being stimulated i.e .
at rest

voltmeter· 000

how ?&
Typically it is around -70mV i.e. the inside potential is 70mV less than the outside and thus is polarized

~ Nat and K + ions diffuse across the membrane down their concentration. Within the cell there are many negatively-charged moleculesSodium-potassium pump uses ATP to actively pump 3 sodium ions out of
A

k+

gradients through specific ion 'leak' channels.the cell and 2 potassium ions into the cell
, creating a charge imbalance organic anions such as proteins further contributing to the

- relatively more negative interiorHowever
,

membrane is 50x more-
Nat Ikt permeable to K+ than Nat

I #HI

- PPP

· : rate of KI diffusion out is·

much greater than rate of Nat↑
· Natdiffusion in

, leading to imbalance- PP + Pi

Nerve impulses :
are action potentials rapid, brief change in membrane voltage which propagate along nerve fibres. These are electrical in nature as they involve the flow of charges, in this case cations : Nat

~
an action potential involves 3 major steps which occur sequentially as a unidirectional wave along nerve fibres : expanded upon in HL An action potential in one part of the

nerron triggers one in the adjacent section

1 Depolarization : change in membrane potential from 3 Resetting resting potential : through the use of the2 Repolarization : change in membrane potential from
-

negative to positive. Caused by the positive to negative. Caused by the sodium-potassium pump,
-70mV -70mV restingdepolarizedNat and kt and restingrapid diffusion of Nat into the cell rapid diffusion of Kt out of the

via opened gated sodium channels potential are re-established
-

cell via opened gated potassium channels

Nat
K+

Na
+

k+ NatNatk+

extracellular NatNatNaNaNeNat k+ k+ k+ NatNat Nat Nat Nat Nat Nat k+k+

Nat NatNat
Ni

Nat Nat Nat Natk+

repolarized depolarized restingspace

↑ ↑II
K+ K+ Nat 1+

K+intracellular resting repolarized depolarized restingk+ k+ k+ k+
k+

k+ k+k+ k+
k+

space k+ k+
k+ k+ k+ k+Nat Nat Nat Nat 1 Nat K+ K+ Nat K+Nat Nat k+Nat k+ k+ k+ k+



       C2.2.4—Variation in the speed of nerve impulses. C2.2.5—Synapses as junctions between neurons and 
between neurons and effector cells. C2.2.6—Release of neurotransmitters from a presynaptic membrane. 

C2.2.7—Generation of an excitatory postsynaptic potential-

the velocity ms" nerve impulses travel along axons can vary by 2 major factors : Synapse : junction between a neuron and another cell
,

where signals are transmitted between cells. 3 main types :

axon cross-sectional diameter : the larger the axon diameter
,

the faster the transmission speed
·

sensory cell to neuron : signals sent from pre-synaptic ex : haircell E
sensory cell to post-synaptic dendrite in ear

~ larger cross-sectional axon areaat the greater the number of paths for the charge to flow through
the cytoplasm and thus the lower its membrane resistance : faster action potential A.

P
. propagation

-

z

uro
: Signals

sentfomaptic
axon terminal to post-synaptic dentities

-

- ⑤ ex: squid have giant axons diameters up to 1. Smm & these are common in the brain and spinal chord

·⑧Tess space in cytoplasm
d-

compared to typical O.
Smm which controls part

: more internal resistance less internal resistance of their water jet-propulsion system allowing
· neuron to effector cell : signals sent from pre-synaptic axon ex: neuromuscular

· Slower A.P. propagation : faster A.P. propagation very fast reaction and escape response terminal to gland or muscle cell junction&
myelination : presence of myelin on axons greatly increases the transmission speed ·. chemical signals can only be sent across a typical synapse in one direction axon dendrite as chemicals sent

neurotransmitters are made and stored in axon terminals and neurotransmitter receptors only present on dendrites
~ in some axons such as long motor neurons

,
Shwann cells surround the axon

, forming a fatty myelin sheath

Excitatory synapse
: an action potential in a pre-synaptic cell increases likelihood of an action potential in a post-synaptic cell

myelin sheath acts as

aXor i
=

an electrical insulator,

L
uses excitatory neurotransmitters such as Acetylcholine in cholinergic synapses shown below muscle13. 3

preventing flow of other examples of this include neuromuscular junctions
Shwann cell charges in out of axon

1 action potential arrives at axon

111 terminal
, depolarizing the membrane

~ in myelinated axons only the gaps between the sheaths Nodes of Ranvier undergo depolarization and repolarization 2 Ca2
+

S
Ca2

+

thus action potentials'jump' from node to node
, greatly increasing signal propagation expanded in HL Nat - 2 voltage-gated Ca channels open causing-

-

- &

&
Cat to diffuse into axon terminal

3 Cat acts as signal and triggers synaptic
Correlation : statistical test for degree of association between two variables. Can be positive or negative vesicles to fuse with pre-synaptic membrane

correlation coefficient r expresses strength O
.
S or -0 . 5- strong and direction +

or
- of a linear correlation.

-2 z Pre-synaptic
member

4 Acetylcholine ACh released via exocytosis

⑳ and diffuses across synaptic cleft

coefficient of determinationr2 indicates what percentage of the variation in the dependent variable y is explained 7 & Nat

by the variation in the independent variable X i.e. how close each data point · G & &
& · o oo")synaptic 5 ACh binds to ACh transmembrane receptors,

·transport B32 fits a regression line. correlation does not equal causation
-

5
causing them to open , allowing Nat to

in
eX :

positive correlation between in negative correlation between
- diffuse into post-synaptic cell

r2 = 0
. 86 impulse conduction speed

↳

conduction speed and body pic
membrane

Nai Nat

↓ 6 post-synaptic membrane depolarizes, causing·Leyelinated and axon diameter.· A 6
a new action potential to be propagated

·-yelinated
0. 77

For myelinated axons
,

86% of · Edgun

the variation in speed is predicted neural pathways with more
7 Acetylcholinesterase breaks down ACh

,
where choline is

axon diameter yum by variation in axon diameter. body size Kg synapses, adding delay then taken back into pre-synaptic cell to be recycled into ACh



       C2.2.8—Depolarization and repolarization during action potentials. C2.2.9—Propagation of an action 
potential along a nerve fibre/axon as a result of local currents. C2.2.10—Oscilloscope traces showing resting 

potentials and action potentials. C2.2.11—Saltatory conduction in myelinated fibres to achieve faster impulses
HL

=>The change in neuron membrane potential during action potential propagation can be Action potentials are propagated along nerve fibres by one part of the fibre depolarizing which

measured and visualized with an oscilloscope, producing a trace m over time in turn causes the adjacent section to depolarize in a wave-like fashion.

~ action potentials are generated on a "all or nothing" principle meaning that unless the membrane potential -threshold L

rises to the threshold potential , depolarization will not occur and resting potential is re-established ->

i ↑ -
- -

-

.
Nat

+
+ + + + + + + Initially, binding of excitatory neurotransmitters to dendrites voltage-gated channels into cell

%

Excitatory post-synaptic potential EPSP

· &I - -

cause an influx of Nat into cell and along with diffusion of Not that has just entered diffuses
- 55m

Nat from an adjacent sections
,

the membrane potential rises.
-

down the cell where Nat is low
-

If it rises sufficiently, threshold potential --SSm is reached causing it to become less negative and

Nat
closer to threshold potential

30 m r Depolarization Not diffuses towards open voltage-

Once threshold potential is reached
, voltage-gated sodium

↑

gated Nat channels as Nat is lower

channels open, causing Nat to rapidly diffuse into the cell.I
+ + +

Membrane potential depolarizes quickly and becomes positive

-

depolarizing
- - approaching threshold

30 m Repolarization ↑ ↑ repolarizing

↑ voltage-gated Nat channels are inactivated and close

--
- -

voltage-gated potassium channels open , causing KI to........ diffuse out of the cell
.

Membrane potential repolarizes Saltatory conduction : propagation of action potentials down a myelinated neuron
, 'jumping' from one

+ + +

g
+ + + + + + + + +

- 75m
I

and becomes negative beyond resting potential Node of Ranvier unmyelinated node to the next
, increasing transmission speed

kt kt

3 Nat Resetting resting potential
&

depolarization cannot occur through myelin sheaths as it acts as an electrical insulator :

+ + + + + + + + + + voltage-gated potassium channels are slower to close myelin reduces membrane capacitance less Nat along membrane surface
-

causing hyperpolarization. Resting potential and sodium and ·

myelin increases membrane resistance less Nations leak out
VS

- - -

- 70M potassium concentration gradients are re-established actively, : more free Nat to depolarize other sections faster ion travel
-

g
using the sodium-potassium pump. Cell ready for new impulse

2k+ time mS once resting potential re-established.
&

voltage-gated ion channels and sodium-potassium pumps only at Nodes of Ranvier as only these

sections generate action potentials , thus increasing impulse speeds and reducing ATP use

Reading oscilloscope traces

-

1
resting potential -

of Ranvier open , causing rapid depolarizing
2 EPSP

Nat
Nat

Nat
Nat

2 2 sodium ions diffuse away from node and·
lating

impolselectio
potentials are proporta

Nat Nat Nat

-

1
Voltage-gated Sodium channels at Nodes

2 1
Nat

Nat Nat Nat Nat Nat
Nat 33 depolarization X

1000 ms = 400 impulses s Nat
Nat rapidly hit adjacent sodium ions

, causing
4 action potential 5ms S

-
depolarization wave to skip past the

5 repolarization
I

- myelinated section very quickly
6 hyperpolarization I 33 7 9 400 x 6 = 24000 impulsesin is

Nat Nat Nat myelin sheath
-

&

3
incoming sodium ions causes next node to

timems 7 threshold potential timems Node of Ranvier reach threshold potential and depolarize



C2.2.12—Effects of exogenous chemicals on synaptic transmission. C2.2.13—Inhibitory neurotransmitters and generation of inhibitory 
postsynaptic potentials. C2.2.14—Summation of the effects of excitatory and inhibitory neurotransmitters in a postsynaptic neuron.HL

Exogenous chemical : chemical originating from an outside source that enters the body of an organism through absorption,
inhalation, ingestion and or intravenously

& these chemicals can alter synaptic transmission and this action potential propagation by either blocking it or promoting it. This can occur via various mechanisms.

& Neonicotinoids : insecticide chemically similar to nicotine which blocks neurotransmission by binding irreversibly to & Cocaine : Stimulant drug made from the leaves of the coca plant. As a powder it can be snorted or dissolved and injected.

nicotinic acetylcholine receptors , causing overstimulation leading to paralysis and death by blocking its re-uptake into the pre-synaptic neuronpromotes synaptic transmission of dopamine

Without neonicotinoids Without cocaineWith neonicotinoids With cocaine
-

T Ch
T ach 1Ch ticpre-synap↳14 Nat Neonic 1Chr Nat NatNatCh &A neuron&outside cell of& To To * Munic Neonic Eng Neonia& ·T-

post-synaptic ⑮
outside cell of Monic

Ipost-synapticI I I Imembrane membrane DAI Iinside cell inside cell

~ysy eyey
Da

=Agary
) post-synaptic ) post-synaptiso

neuronneonicotinoids bind to ACh receptors instead of Acetylcholine.Acetylcholine binds to ACh receptors, allowing Nat influx

and generation of action potential in the post-synaptic cell. similarly ,
this causes an Nat influx. However

,
unlike ACh,

Acetylcholinesterase breaks down ACh into acetyl and choline, Acetylcholinesterase cannot break down neonicotinoids
,

thus Dopamine binds to dopamine receptor, initiating a response. Cocaine binds to dopamine transporter , blocking it. As a

receptors are blocked and remain open. This leads to anclosing the receptor and halting transmission. result
, dopamine builds up in synaptic cleft and binds toDopamine is pumped back into pre-synaptic neuron via

Dopamine transporter to halt the signal and to be reused dopamine receptors longer, causing a prolonged, stronger signaloverabundance of Nat
, causing overstimulation and paralysis

.: neonicotinoids bind more strongly to ACh receptors in insects but not in mammals making them safe to use for crops. As dopamine is associated with the reward pathway, stimulating feelings of pleasure ,
cocaine enhances and prolongs these

However they are non-selective and kill many non-target insects such as bees
,

which have large ecological importance feelings making it highly addictive. Additionally, prolonged use causes a tolerance to develop , requiring higher and higher doses

Inhibitory neurotransmitters : reduces likelihood of an action potential in a post-synaptic cell by generating inhibitory post-synaptic potentialSpoonorGABA resting potential

threshold potential

~ when these neurotransmitters hyperpolarizationsuch as GABA bind to receptors on the post-synaptic membrane
, they induce an influx of chloride ions,

causing the membrane potential to decrease below rest hyperpolarization and making it harder to depolarize as its further from threshold
timems

Summation can also occur from a single pre-synaptic neuronMore than one presynaptic neuron can form a synapse with the same post-synaptic neuron this is especially common in the brain where one may synapse with thousands

L& Spacial Summation : Excitatory Post Synaptic Potentials from multiple & Temporal Summation : multiple Excitatory Post SynapticEPSP-IPSP Summation : Excitatory Post Synaptic Potentials and Inhibitory
pre-synaptic neurons have a cumulative effect to Post Synaptic Potentials from multiple pre-synaptic Potentials are sent in quick succession

,

adding up to threshold potentialreach threshold potential, generating an action potential neurons cancel each other out
, causing no action potential &g g

EPSP EPSP =

EPSPg·_
EPSP

L-

g IPSPg timemstimemstime mS



C2.2.15—Perception of pain by neurons with free nerve endings in the skin. 
C2.2.16—Consciousness as a property that emerges from the interaction of individual neurons in the brainHL

Pain is a feeling of distress often caused by an intense
, damaging stimulus. Can be: mechanical U chemicalBy thermal

in
high temperature

&

5088 acio ht -
-# . I

I

S chemicals

ex : capsaicin in chili peppers

1 nociceptors have free nerve
3 TRP channel open and allow cations to 4 nociceptor depolarizes and an

2 high temperature acid capsaicin 6 impulse reaches thalamus5 nociceptor synapses with

and then the somatosensoryactivates Transient Receptor Potentialendings within the skin action potential is propagateddiffuse into the nocireceptor causing it another neuron which propagates
and detect stimuli cortex where pain is processedTRP channel on nociceptor membrane to approach threshold potential along towards spinal cord impulse towards the brain

The brain is composed of over 100 billion 10" neurons which form over 100 trillion 10 synapses !

Consciousness while difficult to properly define can be described as the state of~ with so many connections and interactions
,

features and properties begin to emerge which

·

being aware of and responsive to one's surroundings and of one's selfare not predicted by only studying neurons ,
i. e . emergent properties

~
-

consciousness is an emergent property of the many interactions in the brain as no single
& emergent properties : property which a system has but which individual members lack

due to their interactions i. e. 'the whole is greater than the sum of its parts neuron has this , yet it exists in a human as an organism as a result of their interactions
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