Objectives \

Define synapses

Functions of synapses.

Structure of synapses

Types of synapses: anatomical & functional.
Synaptic transmission & neurotransmitters
Fate of neurotransmitters.

Electrical events at synapses (EPSPs & IPSPs).
Properties of synaptic transmission

Factors affecting synaptic transmission



© Excitatory synapse
® Inhibitory synapse




e axon of one neuronand the

dendrite of another

+ Axosomatic - synapses between
the axon of one neuron and the
soma of another

+ Other types of synapses include:
+ Axoaxonic (axon to axon)

+ Dendrodendritic (dendrite to olenrae
dendrite) e
+ Dendrosomatic (dendrites to soma)
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most all synapses in the CNS
((i.e. first neuron secretes a chemical substance calle

neurotransmitter at the synapse to act on receptor on the next
neuron to excite it, inhibit or modify its sensitivity))
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borders which allow passage of ions.

+ Are less common than chemical synapses
+ Correspond to gap junctions found in other cell types
+ Are important in the CNS in:

+ Mental attention

+ Emotions and memory

« Arousal from sleep
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Neurotransmitter
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receptors >>>> ((( inhibition or ex
synaptic membrane

« ((depending on the type of the neurotransmitter i.e.
excitatory or inhibitory))



neurotransmitter

lon channels 2"d messenger system in the

,»'/



synapse, it must be removed by =
+ Diffusion out of synaptic cleft into surrounding fluid
+ Enzymatic destruction e.g. Ach esterase for Ach

+ Active transport back into pre-synaptic terminal
itself e.g. norepinephrine




i
~—-6bmV i.e. less than sk. ms. [-70 to —-90mV]

- If the voltage is less negative > the neuron is excitable

— Plasma
membrane

3.—2 mM K* *
SmM  CI™

Cell exterior 120 mM
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When excitatory
neurotransmitter binds to its
receptor on post-synaptic
membrane -

partial depolarization [T Na
influx] of post-synaptic cell
membrane immediately under
presynaptic ending, i.e. EPSPs
If this potential rises enough
to threshold level > AP will
develop and excite the neuron

Postsynaptic Potentials
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* Excitatory postsynaptic
potential (EPSP)

= Depolarization ocours and
tesponse stmulatory

= Depolarization might reach

threshold producing an action
potential and cell response

* [nhibitory postsynaptic
potential ([PSP)

= Hyperpolarization and
tesponse inhibiory

= Decrease action potentials by

moving membrane potential
father from threshold

[1-34



\
:. EPSPs = +20mV which makes the membrane
reach the firing level > AP develops at axon

hillock.



* Proportionate to the strength of the s

 Can be summated

« If large enough to reach firing level = AP Is
produced



Its receptor on pos’r synaptic
membrane, it causes
hyperpolarization of the post-
synaptic membrane.

Increasing membrane
permeability to Cl of post-
synaptic memb. (produced by
inhibitory neurotransmitter) -
I excitability and m. potential
(more negative)
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* Excitatory postsynaptic
potential (EPSP)

= Depolarization occurs and
tesponse stimulatory
= Depolarization might reach
threshold producing an action
potential and cell response
* Inhibitory postsynaptic
potential (IPSP)

= Hyperpolarization and
tespons¢ inhibitory

= Decrease action potentials by
moving membrane potentia
farther from threshold

I1-34



. One-way con
e
Synapses generally permit conduction
of impulses in one-way i.e. from pre-
synaptic to post-synaptic neuron.



synapse. | | e
This time is taken by

Discharge of transmitter substance by pre-synaptic
terminal

Diffusion of transmitter to post-synaptic membrane
Action of transmitter on its receptor

Action of transmitter to T membrane permeability
Increased diffusion of Na+ to T post-synaptic
potential



. Synaptic
inhibition:

Types:

Direct inhibition
Indirect inhibition
Reciprocal inhibition
Inhibitory interneuron



A. Direct inhibition:

Occurs when an inhibitory
neuron (releasing inhibitory
substance) acts on a post
synaptic neuron leading to 2>
hyperpolarization due to opening
of CI [IPSPs]and/or K+
channels.

Example : Glycine at the level of the
spinal cord to block pain impulses.

Inhibitory neuron

[6ly] ~20 mM




=Pre-synaptic innt

This happens when an inhibitory
synaptic knob lie directly on the
termination of a pre-synaptic
excitatory fiber.

The inhibitory synaptic knob release
a transmitter which inhibits the
release of excitatory transmitter
from the pre-synaptic fiber.

e. g. GABA (Pain modification)

.
/Ilil:
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Impulses pass directly to the motor neurons supplying the
same muscle and via branches to inhibitory interneurones that

end on motor neurones of antagonist muscle.

RECIPROCAL INHIBITION
When one muscle is contracted, its antagonist is

automatically inhibited.
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((Control the strength of contraction —
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Mt Types of Summation

3 Postsynaptic neuron ﬂres

j&»{ 2. EPSPs spread from several synapses
to axon hillock

Ing an action potentia

a heuron with i np ut from 1. Simultaneous stimulation by several presynaptic neurons
multiple presynaptic cells. Spatial summation
Ta- il " . ;
. \ 3. Postsynaptic neuron fires
. .\ 2 EPSPs spread from one synapse
b. Tempor'al summation. }ii‘ to axon hillock

Wh en The f r'eq uency of 1. High Frequency stimulation by one presynaptic neuron
STimUIGTion increased from Temporal summation

the same presynaptic fiver



-synaptic neuron. \
Divergence ——

Axons of pre-synaptic neurons divide info many branches
that diverge to end on many post-synaptic neurons.

{a) In a divergent pathway, one {(b) In a convergent pathway, many

presynaptic neuron branches presynaptic neurons converge to
to affect a larger number of influence a smaller number of
postsynaptic neurons. postsynaptic neurons.

= [eoAv;
13 99

Fig. 8-25
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o

It is due to exhaustion of neurotransmitter.

If the pre synaptic neurons are continuously
stimulated there may be an exhaustion of the
neurotransmitter. Resulting in stoppage of synaptic
transmission.







epression of neurons







