The Nervous System

Two main forms of coordination in animals (pg 346):

Organisation of the Nervous System (pg 334)

Structure of a neurone (pg 347)

Basic functions:
1. Receive signals
2. Integrate incoming signals
3. Communicate signals to target cells

Cell body: has a nucleus, organelles rich in mitochondria
and RER. Continuously producing large amounts of
neurotransmitter.
Dendrite/dendron: this carries the electrical signal (impulse)
to the cell body
Axon: this carries the electrical signal away from the cell
body
Terminal bulbs: store neurotransmitter, and release it when
a signal is sent from the cell body
Myelin: a type of lipid produced by Schwann cells, which
wrap themselves around neurones. Not all neurones are
myelinated. (We will discuss this later on into the
presentation)

Sensory: have long dendrons and transmit nerve impulses
from sensory receptors all over the body to the central
nervous system.
Motor: have long axons and transmit nerve impulses from
the central nervous system to effectors (muscles and
glands) all over the body.
Intermediate or Relay: are much smaller cells, with many
interconnections. The majority of neurones in the CNS are
relay neurones, and the help with coordination of
responses

How a normal neuronal pathway works
Information picked up by a receptor is transmitted along a
sensory neurone to the central nervous system (brain or
spinal cord)
The impulse is transmitted to a relay neurone, which lies
entirely within the brain or spinal cord, and to several other
parts of the brain (“thought”)
Once a decision has been reached, the impulse travel via a
motor neurone to an effector (a muscle or gland).
A motor neurone has its cell body within the central
nervous system, and a long axon which carries the
impulse all the way

The Reflex Arc (pg 334-5)

Some responses need to be very quick, as the stimulus
might present a threat
The reflex response is automatic, and does not involve any
decision-making by the brain
Bypasses the higher areas of thought in the brain, and
often just passes through the spinal cord
Pathway is Sensory > Relay > Motor (2 connections) or
Sensory > Motor (1 connection) = faster response
Examples: pupil dilation/constriction, corneal reflex,
knee-jerk reflex

Types of sensory receptors

Baroreceptor = blood pressure (located in the walls of the
aorta and carotid artery)
Osmoreceptor = blood water potential (located in the
hypothalamus)
Stretch receptor = detects degree of expansion of tissue
(located in the walls of the alveoli)

Resting potential (pg 350-51)
A non-signalling (OFF state) neuron has a voltage across
its membrane called the resting potential.
- Na+/K+ ions are actively transported against their
concentration gradient - Na+ is exported out whereas K+ is
transported in
- 3 Na+ ions move out for every 2 K+ that come in
- As there are more positive ions on the outside of the
membrane than the inside, creating an electrochemical
gradient - the charge inside starts to become more
negative compared to the charge outside the membrane
- most of the gates that control Na+ diffusion are closed, so
the concentration of Na+ remains high outside the
membrane

- most of the gates that control K+ diffusion are open, so
K+ can diffuse out along its concentration gradient
- this causes the charge inside the neurone to drop further
- the negative charge starts to attract the K+ back in
- at one point the rate of flow of K+ to the outside of the
neurone is the same as the rate at which it diffuses back in
- there is no net movement of K+ - the membrane is said to
be at REST
- this is ‘resting potential’ - the potential difference across
the cell membrane is measured to be -65 mV (The neurone
is said to be polarised)

Action Potential

A stimulus is received by the dendrites of a sensory
neurone. This causes some of the Na+ channels, at the tips
of the sensory receptor, to open.
If the opening is sufficient to drive the interior potential from
-70 mV up to -55 mV, the process continues.
At threshold,more voltage-gated Na+ channels open.
The influx of Na+ influx increases the membrane potential
difference to about +40 mV. This is called depolarization.

At +40 mV, the Na+ channels close and the K+ channels
open.
With the K+ channels open, the membrane begins to
repolarize back toward its rest potential.

The repolarization typically overshoots the rest potential to
about -90 mV. This is called hyperpolarization.
After hyperpolarization, the Na+/K+ pump eventually brings
the membrane back to its resting state of -70 mV

Significance of Hyperpolarisation
Hyperpolarization prevents the neuron from receiving
another stimulus for a time = refractory period
Hyperpolarization ensures that the action potential is
proceeding only in one direction (away from the stimulus)
It also ensures that each action potential is discrete and
separate from the next one behind it

All or nothing response
All action potentials have the same height of +40 mV. A
neurone is either ON or OFF, there is no in-between state.
Any stimulus below the threshold value will fail to generate
an action potential. Any stimulus above the threshold value
will always generate an action potential.

Transmission along an unmyelinated neurone (pg 355)

The first part of the axon membrane, closest to the cell
body, is depolarised
Na+ diffuses into the axon, depolarising it
It also moves down the axon, attracted by the negative
charge of the region in front
This sets up a local electrical circuit between adjacent
sections of the membrane
The diffusion of sodium allows the voltage-gated Na+
channels further down the membrane to open
This region enters depolarisation phase, whereas the first
region (behind it) enters the hyperpolarisation phase
This polatiry ensures that only the region in front of the
action potential is depolarised
The action potential travels like a wave from one end of the
neurone to another

The frequency of action potentials (pg 358)

Height does not vary, only frequency varies
Stronger the stimulus, the more frequent the action
potentials in a given time
Strength of the stimulus is decided by
- the frequency of action potentials
- using neurones with different threshold settings, such that
only stimuli above a certain threshold can generate action
potentials

Saltatory conduction in myelinated neurones (pg 356)

Myelin is produced by specialised cells called as Schwann
cells, which wrap themselves around neurones
It is a type of lipid that acts as an electrical insulator and
acts as a barrier for the diffusion of ions
The gaps between the myelin sheath are called the nodes
of Ranvier - Na+/K+ can only diffuse in/out at the nodes
When the first node is depolarised, there is a rapid influx of
Na+, changing the membrane potential to +40 mV
This Na+ is attracted to the next node of Ranvier, which is
at -65 mV - this sets up localised electrical circuits between
the nodes
These circuits ensure that the Na+ travels down the
neurone at a faster rate than if the neurone was
unmyelinated
The action potential appears to jump from node-to-node this is called saltatory conduction

Factors affecting the speed of an action potential
1. The presence of the myelin sheath - for the same
diameter, the AP travels down a myelinated neurone much
faster than an unmyelinated one
2. The diameter of the axon - greater the diameter, faster
the speed. A larger diameter ensures less leakage of ions
from the membrane, allowing it to maintain a more efficient
electrical circuit
3. Temperature - affects the kinetic energy and the rate of
diffusion of the ions. Also affects the activity of enzymes
involved in respiration and the speed at which the Na+/K+
pump operates.
Too high a temperature can denature the enzymes and
proteins involved in conduction of AP

The Synapse
Neurons communicate with one another at junctions called
synapses. At a synapse, one neuron sends a message to a target
neuron or another cell (eg. muscle) .

At a synapse the electrical signal is converted to a c hemical signal,
then back to an electrical signal, the transmission is u
 nidirectional

At a synapse, an action potential triggers the presynaptic neuron
to release neurotransmitters. These molecules bind to receptors
on the postsynaptic cell and make it more (or less) likely to fire an
action potential.

How a synapse works (pg 360)

When an action potential, or nerve impulse, arrives at the axon
terminal, it activates voltage-gated calcium channels in the cell
membrane.
Ca2+ enters the cell, which allows the synaptic vesicles to fuse
with the presynaptic membrane, releasing neurotransmitter into
the synaptic cleft.
The molecules of neurotransmitter diffuse down their concentration
gradient, across the synaptic cleft, and bind to receptor proteins on
the postsynaptic cell.
Receptors sites are located on Na+ (or Cl-) channel proteins
Binding of the neurotransmitters allows the Na+ channels to open,
and Na+ rushes into the postsynaptic membrane, depolarising it.
This generates an AP in the postsynaptic membrane

What happens to the neurotransmitter?
For the signal to end, the synaptic cleft must be cleared of
neurotransmitter:
- the neurotransmitter may be broken down by an enzyme
E.g. acetylcholine is broken down by the enzyme
acetylcholinesterase into ethanoic acid and choline, both of which
can be taken back up into the terminal bulbs using carrier proteins
- it may be taken back up into the presynaptic neuron using carrier
proteins
E.g. serotonin is taken back up by 5HTR (re-uptake) proteins in
the pre-synaptic membrane
- if not taken back up, it will simply diffuse away.
This means the cell has to constantly produce new
neurotransmitter,which is energy inefficient

Excitatory and Inhibitory neurotransmitters

Excitatory synapses:
- allows can action potential to pass across the synapse
- binding of the receptors leads opening Na+ channels in the
postsynaptic membrane. This depolarizes the membrane
Eg. acetylcholine, dopamine, glutamate

Inhibitory synapses (pg 362):
- prevents an action potential from passing across the synapse
- binding of the receptors leads opening Cl- channels in the
postsynaptic membrane, allowing Cl- to diffuse in. K+ channels
also open allowing K+ to diffuse out. This h
 yperpolarises the
membrane to around -80mV
Eg. GABA, endorphins, serotonin

Function of synapses
Amplification of the signal
A single impulse along one neurone is passed on to a number of
different neurones at the synpase, creating a number of
simultaneous
responses e.g. muscles

Habituation to a stimulus
Repeated exposure to non-harmful stimuli can result in
habituation. A second inhibitory neuronal pathway is activated,
meaning the brain ignores the message coming from the primary
sensory neurone

Summation - the integration of signals (pg 361)
Spatial summation
The integration of postsynaptic potentials that occur in different
locations—but at the same time—is known as spatial summation
AP travel down pre-synaptic neurones, arriving at the synpase
simultaneously. Each pre-synaptic neurone releases a small
amount of neurotransmitter, but the total concentration is above
the threshold required to generate an AP in the post-synaptic
membrane.

Temporal summation
The integration of postsynaptic potentials that occur in the same
place—but at slightly different times—is called temporal summation.
High frequency of AP. Concentration of neurotransmitter in the
synapse crosses the threshold required to generate an AP in the
post-synaptic neurone.

Drugs that mimic neurotransmitters
Nicotine: mimics acetylcholine, which is used by the parasympathetic
nervous system. Also increases the release of dopamine. Associated
with feelings of calmness, and suppression of hunger
Cocaine/Amphetamines: prevents dopamine reuptake, increases heart
rate and alertness, feelings of euphoria
Ecstasy (MDMA): increases the release of serotonin, increasing
feelings of happiness and reducing feelings of stress.
Alcohol/Valium: mimics GABA, depresses the CNS
Heroin/Morphine: mimics opioids, binds to opioid receptors - release of
opioids hyperpolarises the post-synaptic membrane, blocks pain
NSAIDs like Ibuprofen: mimics GABA and open Cl- channels in the
post-synaptic membrane, blocking pain

