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Figure 1. A simple diagrammatic presentation of a 

nerve synapse. 

If you are picturing nerves as the highways 
within the body for communication between 
the CNS and peripheral tissues, then the 
junctions of these nerves are the synapses.  
However, for nerve function, these synapses 
are actually more complicated than an 
intersection or freeway interchange.  Apart 
from connecting different nerves, or the nerve 
to a tissue, some (not all!) synapses can also 
modify the pattern of action potentials it 
receives.  Some synapses are structurally 

simple, whereas others, such as the neuromuscular junction which you will soon learn 
more about, is very large and complex.  Within the CNS, we now know that synapses 
are continually modified.  For example, memory is now known to be dependent on 
synaptic generation, and loss of memory coincides with a loss of synapses.  It is also 
very clear that with aging, maintaining an active lifestyle and performing “brain exercise” 
such as problem solving are successful strategies to thwart Alzheimer’s disease.  We 
are still unsure of the long term roles of exercise and training in synaptic numbers and 
regulation in the CNS and PNS, but it is highly likely that with exercise training and 
muscle hypertrophy, there is also synaptic adaptation.  Conversely, with detraining, as 
well as the sarcopenia of aging, it is logical to assume considerable synaptic 
degeneration. 

 
The synapse is a connection 
between two nerve axons (Figure 1) 
or between a nerve and target tissue.  
The function of the synapse is to 
transmit the action potential from the 
pre-synaptic membrane to the post-
synaptic membrane.  It is important to 
understand here that not all synapses 
function to facilitate the propagation of 
an action potential to the post 
synaptic membrane.  Some synapses 
are excitatory, in that they depolarize 
the post synaptic membrane.  
Conversely, some synapses are 
inhibitory, in that they hyperpolarize 
(make more negative) the post 
synaptic membrane potential. 
 
The post synaptic membrane is similar to a nerve soma, as the Na+ channels are ligand 
mediated.  This means that the neurotransmitter binds to a receptor that is connected to 
the Na+ channel, causing it to open.  The more ligand (neurotransmitter) that binds to 
these receptor-Na+ channel proteins, the more Na+ influx and the larger the increase in 
membrane potential towards the threshold value.  Distant from the synapse, the Na+ 



Synapses 

 

2 

 

channels become fast responding voltage gated channels, and once the post synaptic 
membrane reaches threshold then the fast responding voltage gated Na+ channels are 
opened and an action potential is generated and self propagated along the axon, or cell 
membrane and connecting excitable membranes of the target tissue.  For inhibitory 
synapses, the neurotransmitter binds to receptor connected K+ channels, causing K+ 
efflux and a more negative (hyperpolarized) membrane potential, impeding the 
likelihood for post synaptic membrane depolarization and the development of an action 
potential. 
 
The combination of excitatory and inhibitory synapses allow for more refined motor 
pattern development.  Think about it.  When you run, or do any repetitive movement 
action, there has to be contraction of agonist muscles and inhibition of antagonist 
muscles.  We couldn’t function without controlled balanced operation between opposing 
muscles. 
 
The balance of excitatory and inhibitory nerve input to a post synaptic membrane 
dictates the post synaptic membrane potential, the change of the potential to threshold, 
and the occurrence of the action potential.  It is also important to understand that nerve 
communication is based on rates of action potential firing; the greater the stimulus 
(increase in membrane potential), the greater the rate of action potential development.  
This is especially true for the peripheral mechano-receptors of the autonomic nervous 
system that feed afferent neural information back to the somotosensory cortex. 
 
A synapse works by integrating axonal depolarization to sub-cellular events that cause 
the release of a nerve specific neurotransmitter (Figure 1).  Typically, when an action 
potential is received at the pre-synaptic region, voltage gated Ca2+ channels are opened 
allowing Ca2+ ions to enter the pre-synaptic region of the synapse.  The sudden 
increase in Ca2+ ion concentration causes the movement of vesicles containing the 
neurotransmitter to the pre-synaptic membrane, where they then fuse with the 
membrane and release the neurotransmitter via exocytosis.  The Ca2+ ions are then 
removed from the pre-synaptic region by mitochondria and/or pumped out of the nerve 
by ATP dependent Ca2+ pumps. 
 
Once released into the synaptic cleft, the neurotransmitter diffuses across the synaptic 
cleft towards the post-synaptic membrane and where it is free to bind to open receptors, 
which are densely distributed over the post-synaptic membrane.  To facilitate this 
process, the post-synaptic membrane is often convoluted (folded) to form numerous 
invaginations that function to increase the surface area of the post-synaptic membrane 
exposed to the synapse (Figure 2). 
 
The association of the neurotransmitter bound to the receptor and connected to the ion 
channel causes the channel to open, and the respective ion to move through the 
channel.  The resulting depolarization or hyperpolarization of the post-synaptic 
membrane then functions to either facilitate or inhibit the generation of an action 
potential along the post-synaptic membrane. 
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Figure 2. A scanning electron micrograph of the 
sub-neural folds of the post-synaptic 
membrane of a neuromuscular junction.  “T” 
represents the nerve terminal, “M” represents 
the muscle fiber and its sub-neural folds within 
the neuromuscular junction, and “ST” 

represents sub-neural troughs (or folds). 

In order to support the generation and 
conduction of more than 300 action 
potentials/s, synaptic events must be 
turned on and off rapidly.  As previously 
explained, the increased Ca2+ is 
removed rapidly after the process of 
exocytosis.  The released 
neurotransmitter is also removed quickly 
by the action of a neurotransmitter 
specific enzyme located in the synaptic 
cleft.  Some neurotransmitter is also 
reabsorbed back into the pre-synaptic 
region of the synapse. 
 
In reality, multiple nerve to nerve 
synapses prevail within the CNS, 
requiring multiple excitatory and 
inhibitory synapses to combine to 
collectively alter the post-synaptic 
membrane potential.  If there is enough 
of a balance in excitatory vs. inhibitory 
synaptic transmission, then an action 
potential is more likely to develop post-
synaptically.  In the PNS, the presence 
of an action potential is referred to as 
“all or none”, as there is no modification 
of an action potential after it leaves the 
spinal cord.  This means that nerve to 
target tissue synapses, such as the 
neuromuscular junction, are different to 
the CNS synapse and have unique 
features that support the fail proof 
propagation of the action potential from the pre- to post-synaptic membrane.  I will 
explain the function of the neuromuscular junction in a latter Topic. 
 

Glossary Words 
 
synapse is the connection between two nerves, or a nerve and a target tissue. 
 
agonist is a muscle that when contracted causes a movement of interest. 
 
antagonist is a muscle that when contracted opposes a movement of interest. 
 
mechano-receptor is a peripheral nerve receptor that generates action potentials in 
response to mechanical stimulation such as stretch, pressure, touch, joint movement, 
compression, etc. 
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somotosensory cortex is the region of the cortical layers of the cerebrum, located 
posterior to the central gyrus (post-central gyrus), responsible for processing afferent 
nerve feedback from peripheral receptors. 
 
exocytosis is the process of the budding of a vesicle membrane to a cell membrane, 
and where the contents of the vesicle are released from the cell. 
 
synaptic cleft is the space between the pre- and post-synaptic membranes. 
 

 
 
 


