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Neurones: Function & Structure

Neurones: Function & Structure

The nervous system

= The human nervous system consists of:
= Central nervous system (CNS) - the brain and spinal cord
= Peripheral nervous system (PNS) - all of the nervesin the body
= |tallows usto make sense of our surroundings and respond to them, and to coordinate and regulate
body functions
= |nformationis sent through the nervous system in the form of electricalimpulses - these are electrical
signals that pass along nerve cells known as neurones
= Abundle of neuronesis known as a nerve
= Thenerves spread out from the central nervous system to all other regions of the body and
importantly, to all of the sense organs
= The CNS acts as a central coordinating centre for the impulses that come in from, and are sent out
to, any part of the body

Central Nervous System Diagram
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The human nervous system is comprised of the CNS and the PNS

Neurones

= Thefollowing features are foundin neurones:
= Neurones have amain, long, fibre known as an axon
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= The axonis ofteninsulated by Schwann cells which form the myelin sheath which preventsloss of ,
nerve impulses along the axon
= They have a cell body that contains the nucleus and other cellular structures Your notes

= Their cell bodies and axon terminals contain many extensions called dendrites
= These dendrites allow them to connect to many other neurones and receive impulses from them,
forming a network for easy communication

Structure of a Neurone Diagram

CELL BODY s
| cew Bony 3

MYELIN SHEATH |N5RVE ENDING
o (MADE FRCM
SCHWANN CELLS)

NUCLEUS e

#)save myexams

Neurones have a characteristically elongated structure which allows them to transfer information
between the central nervous system and the rest of the body

Different types of neurone

= There are three main types of neurone: sensory, relay and motor
= Sensory neurones carry impulses from receptors to the CNS (brain or spinal cord)
= Relay (intermediate) neurones are found entirely within the CNS and connect sensory and motor
neurones
= Motorneurones carry impulses from the CNS to effectors (muscles or glands)
= Eachtype of neurone has a slightly different structure
= Motorneurones have:
= Alarge cell body at one end that lies within the spinal cord or brain
= Anucleusthatisalwaysinits cellbody
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= Many highly-branched dendrites extending from the cell body, providing a large surface area for

the axon terminals of other neurones
Relay neurones have:
= Short, but highly branched, axons and dendrites
= Sensory neurones have:

= Acellbody that branches off in the middle of the cell

= Asinglelongdendron that carries impulses to the cell body and a single long axon that carries
impulses away from the cell body

Three Types of Neurone Diagram

SENSORY NEURONE RELAY NEURONE MOTOR NEURONE
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The three types of neurone - the red line shows the direction of impulses. Note that the axon always
carriedimpulses away from the cell body.
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Nerve Impulses K,

Your notes

Generating the Resting Potential

= Neurones transmitinformationin the form of impulses, which travel extremely quickly along the
neurone from one end to the other
= Note thatanimpulseis notan electrical current that flows along neurones as if they were wires
= |nstead, animpulse is amomentary reversal in the electrical potential difference across the
neurone cell surface membrane
= The electrical potential difference across amembrane can also be described as the voltage
across amembrane, the difference in charge across a membrane, or the membrane potential
= |nanaxon thatis not transmitting animpulse the inside of the axon always has a negative electrical
potential, or charge, compared to outside the axon, which has a positive electrical potential
= This membrane potential in aresting neurone is known as resting potential
= Theresting potential is usually about -70 millivolts (mV)
= This means that the inside of the resting axon has a more negative electrical charge than the
outside by about 70 mV
= Two main processes contribute to establishing and maintaining resting potential:
= The active transport of sodiumions and potassiumions
= Adifference inrates of diffusion of sodiumions and potassiumions
In addition to these two main processes, negatively charged proteins inside the axon also contribute
to the negative resting potential

The active transport of sodiumions and potassiumions

= Carrier proteins called sodium-potassium pumps are present in the cell surface membranes of
neurones

= These pumpsuse ATP to actively transport sodium ions (Na*) out of the axon and potassiumions (K*)
into the axon

= Thetwo types of ionare pumped at an unequal rate; for every 3 sodium ions that are pumped out of
the axon, only 2 potassiumions are pumped in

= This creates a concentration gradient across the membrane for both sodium ions and potassiumions

Difference inrates of diffusion of sodiumions and potassiumions

= Because of the concentration gradient generated by the sodium-potassium pumps, both sodium
and potassiumions will diffuse back across the membrane
= The neurone cell surface membrane has sodiumion channels and potassiumion
channels that allow sodium and potassiumions to move across the membrane by facilitated
diffusion
= The neurone membrane is much less permeable to sodiumions than potassiumions, so potassium
ionsinside the neurone can diffuse out at a faster rate than sodiumions can diffuse back in
= Thisresultsinfar more positive ions on the outside of the neurone than on the inside, generating a
negative charge inside the neurone inrelation to the outside
= Theresult of thisis that the neurone has a resting membrane potential of around -70 millivolts
(mV)
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Resting Potential Diagram
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Sodium-potassium pumps in the membrane of a resting neurone generate a concentration gradient for

both sodium ions and potassium ions. This process, together with the facilitated diffusion of potassium

ions back out of the cell at a faster rate than sodium ions diffuse back into the cell, generates a negative
resting potential across the membrane.
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Nerve Impulses /

Once resting potential is reached, the neurone membraneis said to be polarised Your notes
Toinitiate anerve impulse in a neurone, the neurone membrane needs to be depolarised
= Depolarisationis the reversal of the electrical potential difference across the membrane
The depolarisation of the membrane occurs when an action potential is generated
= Action potentialslead to the reversal of resting potential from around -70 mV to around +40 mV
Action potentials involve the rapid movement of sodiumions and potassiumions across the
membrane of the axon
An action potentialis the potential electrical difference produced across the axon membrane when a
neurone is stimulated e.g. when an environmental stimulus is detected by areceptor cell
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Nerve Impulses: Skills 4

Your notes
Speed of Nerve Impulses

Comparing the speed of transmission

= There are welldocumented correlations between specific structural features of neurones and the
speed of transmission
= Two key features that should be consideredinclude
= Mpyelination of the neurone
= Mpyelinated neurones conduct electricalimpulses much more quickly than unmyelinated
fibres
= Thisis because of the insulation offered by the myelin sheath which allows faster saltatory
conduction along the neurone
= Diameter of the neuron
= Anaxonwith a wider diameter conducts an electricalimpulse more quickly than a narrow axon
= Thisisbecause awider axon offers less resistance to the action potential
= Squid have giant axons which are unmyelinated and can be up to Tmmwide, whereas the average
diameter of ahuman neurone is somewhere between 4 and 100 um
= The graph shows the relationship between axon diameter and speed of transmissionin a giant
unmyelinated axon from a squid and a 'normal’ sized myelinated axon of a mammal
= Despite the axon being significantly wider, the speed of transmissionis much fasterin the axon whichiis
insulated by a myelin sheath
Comparing Speed of Nerve Transmission Graph
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Unmyelinated axons have a much slower speed of conduction compared to a myelinated axon

Myelination

Neurones have a main, long, fibre known as an axon
The axons of neurones are surrounded by specialised cells called Schwann cells
Schwann cells wrap themselves around the axon, forming a structure known as a myelin sheath
= Mpyelin contains the phospholipids of the Schwann cell membranes; itis built up inlayers as the
Schwann cells grow around the axon
= Thelipid content of the myelin sheath gives it a high electrical resistance
The myelin sheath acts as an electrical insulator; impulses cannot pass through the myelin sheath
The myelin sheath has small, uninsulated sections in the gaps between the individual Schwann cells
= These gaps are called nodes of Ranvier
Electricalimpulses effectively jump from one node of Ranvier to the next
= This processis known as saltatory conduction
= |tgreatly speeds up the rate of transmission of impulses along myelinated neurones
= |Innon-myelinated neurones the axonis notinsulated by myelin, so the impulse travels more slowly
Diagram to show the myelination of neurones
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Animpulse travels down a neurone via saltatory conduction

Describing a correlation using a correlation coefficient

= When studying the relationship between two variables such as diameter or myelination and speed of
transmission, itis important to collect data which allows us to analyse the strength of the correlation
= Correlationis an association orrelationship between variables
= Thereisacleardistinction between correlation and causation: a correlation does not necessarily
imply a causative relationship
= Causation occurs when one variable has aninfluence oris influenced by, another
= Forthevariables discussed here:
= There may be a correlation between diameter of a neurone and the speed of impulse conduction
= There may be a correlation between the myelination of a neurone and speed of impulse
conduction
= The apparent correlation between variables can be analysed using scatter graphs and different
statistical tests

Correlation between variables

= |nordertogetabroadoverview of the correlation between two variables the data points for both
variables can be plotted on a scatter graph
= The correlation coefficient (r) indicates the strength of the relationship between variables
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= Perfect correlation occurs when all of the data points lie on a straight line with a correlation ,
coefficientof 1or -1
= Correlation can be positive or negative Your notes

= Positive correlation: as variable Aincreases, variable B increases
= Negative correlation: as variable Aincreases, variable B decreases
= |fthereisno correlation between variables the correlation coefficient will be O

Correlationin Data Graphs
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Different types of correlation in scatter graphs

= The correlation coefficient (R) can be calculated to determine whether alinear relationship exists
betweenvariables and how strong that relationship is

= The coefficient of determination (R2) can then be calculated to test the strength of the association
between the variables

Pearson'slinear correlation

= Pearson'slinear correlationis a statistical test that determines whether there is linear correlation
betweentwo variables
= Thedatamust:
= Be quantitative
= Show normal distribution
= Method:
= Step1: Create a scatter graph of data gathered and identify if a linear correlation exists
= Step 2: State anull hypthessis
= Step 3: Use the following equation to work out Pearson’s correlation coefficientr
= |fthe correlation coefficientris close to1or-1orthe thenit canbe stated that thereis a stronglinear
correlation between the two variables and the null hypothesis can be rejected
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R=n

n(Zxy) - (2x)(Zy) /
VInzx?=(2x)2] [nzy? - (2y)*] Your notes
Yx =total of the first variable value

>y =total of the second variable value

Yxy = sum of the product of the first and second value
yx2 = sum of the squares of the first value

Yy? = sum of the squares of the second value

The coefficient of determination

The coefficient of determination (R?)= ( Pearson correlation coefﬁcien‘[)2
The to find the coefficient of determination...

= Method:
= Step1: Square the value found forR
= Step 2: Convert the value into a percentage
= AnRZ2value of closerto 1(or 100%) shows that the variables have a strong correlation, or, you can
predict the dependent variable accurately from the independent variable
= The null hypothesis can be rejected
= AnRZvalue closerto Oindicates that there is no correlation, or, the dependent variable cannot be
predicted from the independent variable

O ExaminerTip

You will be provided with the formula for Pearson’s linear correlationin the exam. You need to be able
to carry out the calculation to test for correlation, as you could be asked to do this in the exam. You
should understand whenitis appropriate to use the different statistical tests that crop up in this topic,
and the conditions in which eachis valid.
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Synapses

Synapses

Where two neurones meet, they do not actually come into physical contact with each other
Instead, a very small gap, known as the synaptic cleft, separates them
The ends of the two neurones, along with the synaptic cleft, form a structure known as a synapse
Synapses act as the junctions between any cells in the nervous system, e.g.
= Inthe sense organs, there are synapses between sensory receptor cells and sensory neurones
= |Inmuscles, there are synapses between motor neurones and muscle fibres

Structure of a Synapse Diagram
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A synapse
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Release of Neurotransmitters /

Synaptic transmission: How do synapses work? Your notes

Electricalimpulses cannot ‘jump’ across the synaptic cleft
When an electricalimpulse arrives at the end of the axon on the presynaptic neurone, the membrane
of the presynaptic neurone becomes depolarised, triggering an influx of calciumionsinto the
presynaptic cell via calciumion channels in the membrane
The calciumions cause vesicles in the presynaptic neurone to move towards the presynaptic
membrane where they fuse with it and release chemical messengers called neurotransmitters into the
synaptic cleft

= Acommon neurotransmitteris acetylcholine, or ACh
The neurotransmitters diffuse across the synaptic cleft and bind with receptor molecules on the
postsynaptic membrane; this causes associated sodiumion channels on the postsynaptic membrane
to open, allowing sodiumions to diffuse into the postsynaptic cell
If enough neurotransmitter molecules bind with receptors on the postsynaptic membrane then an
action potential is generated, which then travels down the axon of the postsynaptic neurone
The neurotransmitters are then broken down to prevent continued stimulation of the postsynaptic
neurone

= The enzyme that breaks down acetylcholine is acetylcholinesterase

Transmission of a Nerve Impulse Diagram
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Synaptic transmission using the neurotransmitter acetylcholine

Unidirectionality

= Synapses ensure the one-way transmission of impulses

= |mpulses canonly passinone direction at synapses because neurotransmitter is released on one side
anditsreceptors are on the other - chemical transmission cannot occurin the opposite direction

= This preventsimpulses from travelling the wrong way

Page 18 of 38

©2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

4

Your notes


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

Generating a Postsynaptic Potential /

There are over 40 different known neurotransmitters Your notes
= Examplesinclude dopamine and noradrenaline
One of the key neurotransmitters used throughout the nervous systemis acetylcholine (ACh)
= AChis producedinthe presynaptic neurone by combing choline with an acetyl group
= Synapsesthat use the neurotransmitter ACh are known as cholinergic synapses
Acetylcholineisreleased into the synaptic cleft when ACh-containing vesicles fuse with the
presynaptic membrane, releasing ACh moleculesinto the synaptic cleft
ACh binds to specific receptors on the postsynaptic membrane, where it can generate an action
potential in the postsynaptic cell by opening associated sodiumion channels to allow sodiumions
into the cytoplasm of the postsynaptic neurone until the threshold levelis achieved
To prevent the sodiumion channels staying permanently open and to stop permanent depolarisation
of the postsynaptic membrane, the ACh molecules are broken down and recycled
= The enzyme acetylcholinesterase catalyses the hydrolysis of ACh moleculesinto acetate and
choline
= The products of hydrolysis are then absorbed back into the presynaptic neurone, and the active
neurotransmitter AChisreformed
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Action Potentials (HL) /

Your notes
Depolarisation & Repolarisation

= Anaction potentialis generated when a stimulus causes an influx of positively charged sodiumions
into the axon of the neurone
= Thisleads to depolarisation of the membrane of the neurone, the action potential then moves through
the neurone in a wave of depolarisation and repolarisation events as follows:
Depolarisation

= Some of theion channels in the membrane of a neurone are voltage gated, meaning that they open
and close inresponse to changesin the electrical potential across the membrane
= \oltage gatedion channels are closed when the membraneis atrest, but they are involvedin the
generation and transmission of action potentials
= Note that not all of the channelsin a neurone membrane are voltage gated e.g. some types of
potassiumion channel are openwhen aneurone s at rest to enable potassiumions to diffuse out
of the axon and generate resting potential
= Whenaneuroneis stimulated, the following steps occur:
= Asmallnumber of sodium ion channels in the axon membrane open
= Sodiumions beginto move into the axon down their concentration gradient
= Thereisagreater concentration of sodiumions outside the axon thaninside due to the action
of sodium-potassium pumps
= Thisreduces the potential difference across the axon membrane as the inside of the axon
becomesless negative
= |f enough sodiumions enterthe axon and the potential difference isreduced enough, voltage
gated sodiumion channels open, leading to a further, large influx of sodiumions
= Oncethecharge hasbeenreversed from-70 mV to around +40 mV, an action potential is said to
have been generated

How an action potential is propagated

= Once anaction potential has been generated, it can be propagated, or transmitted, along the length
of the axon
= The depolarisation of the membrane at the site of the first action potential causes sodiumions to
diffuse along the cytoplasminto the next section of the axon, depolarising the membrane in this
new section, and causing voltage gated sodium channels to open
= This triggers another action potential in this section of the axon membrane
= This processthenrepeats along the length of the axon
= |nthe body, this allows action potentials to begin at one end of an axon and then pass along the entire
length of the axon membrane

Propagation of Nerve Impulse Diagram
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| Your notes
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How animpulse is propagated in one direction along the axon of a neurone

Repolarisation

= About1ms afteranaction potentialis generated, all the voltage gated sodium channels in this section
of membrane close
= Voltage gated potassium channels in this section of axon membrane now open, allowing the diffusion
of potassiumions out of the axon, down their concentration gradient
= Rememberthat the sodium-potassium pumps have not stopped working during the action
potential; hence the potassiumion gradient s still present
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= This movement of potassiumions causes the inside of the axon to become negatively charged again,
aprocess known as repolarisation
= Thereis ashort period during which the membrane potential is more negative than resting
potential; thisis known as hyperpolarisation
= The period during which the membrane is hyperpolarised is known as the refractory period
= The membraneis unresponsive to stimulation during the refractory period, so anew action
potential cannot be generated at this time
= This makes the action potentials discrete events and means the impulse can only travel in one
direction
= Thisis essential for the successful and efficient transmission of nerve impulses along neurones
= Thevoltage gated potassium channels then close, and the sodium-potassium pumps work to restore
resting potential
= Onlyonceresting potential is restored can the membrane be stimulated again

Action Potential Graph
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The depolarisation and repolarisation of an action potential can be clearly seen in a graph of membrane
potential against time

= Anaction potential is only initiated if the threshold potential is reached
= Whenaneuroneis stimulated, sodiumion channels in the axon membrane open and sodiumions pass
into the axon down their concentration gradient
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= This causes the inside of the axon to become less negative, but exactly how much less negative it
becomesis dependent on the number of sodiumion channels that open
= Alarge stimulus will cause more channels to open than a small stimulus
= |[f more channels open, then more sodium ions will enter the axon, causing it to become less
negative
= |fthe potential difference reaches around -50 mV, known as the threshold potential, voltage gated
sodiumion channels open and many more sodiumions enter the axon
= This causes the membrane potential to reach around +40 mV
= Oncethecharge hasbeenreversed from-70 mVto +40 mV, an action potential is generated
The all-or-nothing principle

= Action potentials are either generated or not generated depending on whether the threshold potential
isreached; there is no such thing as a small or large action potential
= |f astimulusis weak, only a few sodiumion channels will open and the membrane won’t be
sufficiently depolarised to reach the threshold potential; an action potential will not be generated
= |fastimulusis strong enough to raise the membrane potential above the threshold potential then
an action potential willbe generated
= Thisis the all-or-nothing principle
= Animpulseis only transmitted if the initial stimulus is sufficient to increase the membrane
potential above a threshold potential
= Stimulus size can be detected by the brain because as the intensity of a stimulus increases, the
frequency of action potentials transmitted along the neurone increases
= This means that a small stimulus may only lead to one action potential, while a large stimulus may
lead to several action potentialsinarow

Depolarisation Diagram

Page 23 of 38

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

4

Your notes


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

4 s

Your notes

N

THRESHOLD POTENTIAL

MEMBRANE POTENTIAL
=

STRENGTH OF STIMULUS

1 THE MEMBRANE IS GIVEN A STRONG STIMULUS WHICH GENERATES

A HIGH FREQUENCY OF ACTION POTENTIALS

2| | THE MEMBRANE IS GIVEN A WEAK STIMULUS WHICH GENERATE A LOW

FREQUENCY OF ACTION POTENTIALS

3| | THE MEMBRANE IS GIVEN A VERY WEAK STIMULUS WHICH FAILS

TO GENERATE AN ACTION POTENTIAL

As the strength of a stimulus increases beyond the threshold potential, the frequency of action
potentials increases

Page 24 of 38

©2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

Local Currents /

= The propagation of nerve impulses along axons occurs due to local currents that cause each Your notes
successive section of the axon to reach the threshold potential
= |nside the depolarised section of the axon
= Thereis a high concentration of sodiumions due to theirrecentinflux
= This creates a concentration gradient between the section of the axon that has depolarised and
the neighbouring section
= Sodiumions diffuse within the axon to the neighbouring section of axon that has not yet
depolarised
= Thisreduces the negative membrane potentialin the new section of axon and, if a threshold is
reached, begins the initiation of an action potential
= Thisenables the original action potential to be propagated
= Onthe outside of the axon
= Thereis a higher concentration of sodiumions outside the section of axon that has not yet
depolarised due to the diffusion of sodiumions into the depolarised section
= Sodiumions diffuse from here along the outside of the axon to the section of axon that has just
become depolarised
= These movements of sodiumions are known as local currents
= Theselocal currents cause a wave of depolarisation and repolarisation to travel along the axon,
resulting in the propagation of a nerve impulse

Propagation of Nerves Impulses Diagram

DIRECTION OF IMPULSE

o
) o
/
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@ o @ © ) o
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DEPOLARISED SECTION OF AXON| |RESTING SECTION OF AXON

The propagation of nerve impulses along axons occurs due to local currents created by the diffusion of
sodiumions
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Interpreting Oscilloscope Traces: Skills (HL)

Interpreting Oscilloscope Traces

Itis possible to measure membrane potentials in neurones by placing electrodes on each side of the
membrane

= Amembrane potentialis the difference in charge between one side of amembrane and the other,

sometimes described as the potential difference, or the voltage

The membrane potential can then be visually represented and displayed using an oscilloscope
Anoscilloscopeis a type of electronic test instrument that graphically displays varying signal
voltages
The display produced is like a graph with time in milliseconds on the x-axis and the membrane
potential in millivolts on the y-axis

How to analyse oscilloscope traces showing resting potentials and action potentials

If there is aresting potential, a straight, horizontal line should be shown on the display screen of the
oscilloscope at alevel of -70 mV
If an action potential occurs a spike, rising up to a maximum voltage of between +30 and +40
mV, should be shown on the display
= Therising phase of the spike shows depolarisation
= The falling phase of the spike shows repolarisation
Oftennot shown onan action potential graph is the gradual rise in membrane potential just before the
membrane rapidly depolarises
= Before threshold potentialis reached, only a small number of sodium channels in the membrane
are open, so the membrane depolarises slowly, but when the threshold is reached many more
sodium channels open
Instead of repolarisation causing the membrane potential to returnimmediately to the normal resting
potential of -70 mv, the trace often shows a short period of hyperpolarisation
= Thisiswhenthe membrane potential briefly becomes more negative than resting potential

Oscilloscope Trace Graph
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An example of an oscilloscope trace showing resting potential and an action potential
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Nerve Conduction Velocity (HL)

Saltatory Conduction

= Byinsulating the axon membrane, the presence of myelinincreases the speed at which action
potentials can travel along the neurone:

= The myelin sheathis formed from Schwann cells

= |nsections of the axon that are surrounded by a myelin sheath, depolarisation (and the action
potentials that this would lead to) cannot occur, as the myelin sheath stops the diffusion of
sodiumions and potassiumions

= There are small, uninsulated sections of the axon, called the nodes of Ranvier, which contain
clusters of ion pumps and channels which allow the action potential to occur

= Asaresult, the action potentials ‘jump’ from one node to the next, thisis known as saltatory
conduction

= Thelocal circuits of current that trigger depolarisation in the next section of the axon membrane
exist between the nodes of Ranvier

= Saltatory conduction allows the impulse to travel much faster (up to 50 times faster) thaninan
unmyelinated axon of the same diameter

Saltatory Conduction Diagram
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NODE AT REFRACTORY PERIOD:

° MEMBRANE BECOMING
REPOLARISED

oNa* CHANNEL PROTEINS CLOSED
oK" CHANNEL PROTEINS OPEN

NODE AT ACTION POTENTIAL:

o MEMBRANE FULLY DEPOLARISED
(+30mV)

o ALL Na* CHANNEL PROTEINS OPEN
oK* CHANNEL PROTEINS CLOSED

NODE BECOMING DEPOLARISED:
o MEMBRANE POTENTIAL MOVING
TOWARDS THRESHOLD LEVEL

o Na* CHANNELS STARTING TO
OPEN BUT MANY STILL CLOSED

o K CHANNEL PROTEINS CLOSED

NODE AT RESTING POTENTIAL:

o MEMBRANE POTENTIAL AROUND
=70mV

o Na* CHANNEL PROTEINS CLOSED
o K" CHANNEL PROTEINS CLOSED

Transmission of an action potential in a myelinated axon by saltatory conduction
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Synaptic Transmission (HL) 4

Your notes

Effects of Exogenous Chemicals

Neonicotinoids

= Neonicotinoids are synthetic compounds similar to nicotine that are commonly found in pesticides
= Neonicotinoids can block synaptic transmission at cholinergic synapses ininsects by binding to
acetylcholine receptors
= Thisbindingisirreversible, as acetylcholinesterase cannot break down neonicotinoids
= Astheacetylcholine receptors are blocked, acetylcholine is unable to bind, which stops impulses
from being transmitted across synapses
= Thisleads to paralysis and death ininsects
= Neonicotinoids are considered to be especially suitable as pesticides because they're not toxic to
humans and other mammals
= Amuchlargerproportion of synapsesininsects are cholinergic compared to mammals
= Neonicotinoids bind much more strongly to acetylcholine receptorsininsects
= Thereis a great deal of controversy over the use of neonicotinoid pesticides because of the impact
that they are thought to have on essential pollinators such as bees

Cocaine

= Cocaineis adrugwhich blocks the reuptake of neurotransmitters into the presynaptic knob

= Primarily cocaine affects reuptake of dopamine asit binds to the dopamine transporter protein

= This prevents dopamine from binding to the transporter soitis not able to move through the
membrane back into the presynaptic neurone

= Asaresult dopamine builds up in the synapses which canlead to feelings of pleasure

= Cocaine also blocks the neurotransmitters serotonin and norepinephrine which enhances feelings of
confidence and energy

= |nregularusers of cocaine, the brainresponds by increases numbers of dopamine receptors to
respond to the high levels of dopamine

= Oncelevelsreturnto normal, more dopamine receptors results inincreased sensitivity and
depression
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Inhibitory Postsynaptic Potentials /

= Some neurotransmitters result in the generation of an action potential in a postsynaptic neurone Your notes
= Otherneurotransmitters can prevent the generation of an action potential in a postsynaptic neurone
= Thisisinhibition - the impulse stops at the synapse
=  Onewayinwhichaneurotransmitter caninhibit animpulse is by opening the gated potassiumion
channelsin the membrane so that potassiumions are able to diffuse out of the cell body
= Theresultisthat the postsynaptic neurone becomes even more negatively charged, or
hyperpolarised
= |fthe neuroneis hyperpolarised, the threshold will not be reached when the neurone is stimulated
and an action potential cannot be triggered
= |fthe cellbody of amotor neurone is subject to both excitatory andinhibitory synapses at the same
time the following happens:
= Sodiumions enter the cell body following stimulation by the excitatory synapse
= The stimulation of the inhibitory synapse causes potassiumions to diffuse out of the cellbody
= This cancels out the effect of the sodiumions entering
= The threshold potentialis not reached so no action potentialis generated

Inhibitory Synapse Diagram

4/ [IMPULSE |

AXON FROM RELAY NEURONE

INHIBITORY SYNAPSE |

CELL BODY OF +\> - —
Y

MOTOR NEURONE == @+

MOTOR NEURONE

EXCITATORY
SYNAPSE

+30
MEMBRANE
POTENTIAL/mV

—~70 - j‘““‘“ ________

Na* IONS | |K™ IONS| | THRESHOLD VALUE
ENTER EXIT IS NOT REACHED

The inhibitory synapse (Y) causes the membrane potential to decrease, cancelling out the effect of the
excitatory synapse (X) so that the threshold is not reached and no action potential is generated
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Inhibitory synapses play a vital role in the nervous circuit ,
They prevent random impulses from being sent around the body
They allow for specific pathways to be stimulated Your notes

= Forexample, reflexactions should be rapid but specific
= |f anindividual grabs a plank of wood that has a nail sticking out they need their arm muscles to pull
theirhand away
= |twould be unhelpfulif theirleg muscles contracted and moved their foot away
Inhibitory pathways can develop over time
These pathways are very important for skills such as painting and drawing
= Childreninitially struggle with these skills as theirinhibitory pathways have not yet developed to
refine theiruncontrolled movements
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Summation of Neurotransmitter Effects in Postsynaptic Neuron /
= Whenanimpulse arrives at a synapse it does not always cause impulses to be generatedin the next Your notes
neurone

= |nsome cases, a single impulse that arrives at a synaptic knob is insufficient to generate an action
potentialin the post-synaptic neurone, forinstance
= Only asmall amount of acetylcholine is released into the synaptic cleft
=  Asmall number of the gated ion channels are openedin the axon membrane
= Aninsufficient number of sodiumions pass through the membrane
= The threshold potential is not reached
= The small amount of acetylcholine attached to receptorsis broken downrapidly by
acetylcholinesterase
= The effect of multiple impulses canbe added together to overcome thisin a process known as
summation
= There are two types of summation:
= Temporal
= Spatial
= There are several benefits of summation
= |tallows forthe effect of a stimulus to be magnified
= A combination of different stimulican triggeraresponse
= |tavoidsthe nervous system being overwhelmed by impulses
= Synapsesactasabarrierand slow down the rate of transmission of a nerve impulse that has to
travel along two or more neurones
= They only allow the impulses to pass onif there has beeninput from other neurones and
receptors

Temporal summation

= |f multiple impulses arrive within quick succession the effect of the impulses can be added
togetherto generate an action potential
= Alarge amount of acetylcholineis released into the synaptic cleft
= Alarge numberof the gatedion channels open
= Asufficient number of sodiumions pass through the membrane

Spatial summation

= Multiple impulses arriving simultaneously at different synaptic knobs stimulating the same cell
body can also generate an action potential through spatial summation

= The multiple impulsesresultinalarge amount of acetylcholine being released into the synaptic
cleftwhichresultsin the generation of an action potential

Temporal and Spatial Summation Diagram
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Temporal summation involves only one synaptic knob whereas spatial summation involves multiple ,

synaptic knobs. The different types of summation produce different shaped graphs.
Your notes
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Neurones in the Brain (HL) 4

Your notes
Perception of Pain

= Painreceptors (nociceptors) are sensory receptors
= Thesereceptors have free nerve endings which are unencapsulated nerve endings
= The exposed dendrites on these nerves have transient receptor potential (TRP) channels which open
inresponse to stimuliwhich indicate arisk of damaged tissue
= Stimulimightinclude:
= Hightemperature
= Acid
= Chemicals e.g. capsaicinin chillipeppers
= Entry of positively charged ions causes the threshold potential to be reached
= Anaction potential is generated, it moves along the axon of the sensory neurone to the central
nervous system
= Nerveimpulses then pass through the neurones to the cerebral cortexin the brain, where painis
perceived and a protective response results
= The sensitivity of an organism to these stimuli provides a survival and reproductive advantage

Pain Receptors Diagram
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Pain receptors in the skin can respond to a number of different stimuli as the nerve endings are exposed
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Interaction of Neurones in the Brain /

The cerebrum Your notes

= The cerebrumis the largest part of the brainin humans (accounts forabout 80% of the total mass of
the brain)
= The cerebrum carries out a large variety of functions involved with conscious activities, including:
= Vision
= Hearing
= Speech
= Thinking
= Memory
= The cerebrumis divided into two hemispheres, each of which have a thin outer layer known as the
cerebral cortex or 'grey matter’
= The cerebral cortex consists of the cell bodies of neurones
= |tis highly folded, whichincreases its surface area and allows it to contain a greater number of
neurones
= With more neurones in the brain, more connections between neurones can be made
= Thisisimportant, as the more connections between neuronesin the brain, the greater the ability of
the brain to carry out more complex behaviours
= These behaviours that result from a combination of complex pathways, are called emergent
properties
= [tisinthis part of the brain where interactions between neurones lead to consciousness
= Thisidea of consciousnessincorporates qualitative perception of feelings associated with
colour, temperature, sound as well as communication which results in a complex awareness of the
environment
= The structure and function of the brain as an organis covered in more detail here
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