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CHAPTER 12 •

NERVOUS TISSUE

Figure 12.23 Signal transmission at a chemical synapse. Through exocytosis of synaptic vesicles, a presynaptic neuron
releases neurotransmitter molecules. After diffusing across the synaptic cleft, the neurotransmitter binds to
receptors in the plasma membrane of the postsynaptic neuron and produces a postsynaptic potential.
At a chemical synapse, a presynaptic neuron converts an electrical signal (nerve impulse) into a chemical signal (neurotransmitter
release). The postsynaptic neuron then converts the chemical signal back into an electrical signal (postsynaptic potential).
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Why may electrical synapses work in two directions, but chemical synapses can transmit a signal in only one direction?
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The neurotransmitter molecules diffuse across the synaptic
cleft and bind to neurotransmitter receptors in the postsynaptic neuron’s plasma membrane. The receptor shown in Figure 12.23 is part of a ligand-gated channel (see Figure 12.11b);
you will soon learn that this type of neurotransmitter receptor
is called an ionotropic receptor. Not all neurotransmitters
bind to ionotropic receptors; some bind to metabotropic receptors (described shortly).
Binding of neurotransmitter molecules to their receptors on
ligand-gated channels opens the channels and allows particular ions to flow across the membrane.
As ions flow through the opened channels, the voltage across
the membrane changes. This change in membrane voltage is
a postsynaptic potential. Depending on which ions the
channels admit, the postsynaptic potential may be a depolarization (excitation) or a hyperpolarization (inhibition).
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For example, opening of Na⫹ channels allows inflow of Na⫹,
which causes depolarization. However, opening of Cl– or K⫹
channels causes hyperpolarization. Opening Cl– channels
permits Cl– to move into the cell, while opening the K⫹ channels allows K⫹ to move out—in either event, the inside of the
cell becomes more negative.
When a depolarizing postsynaptic potential reaches threshold, it triggers an action potential in the axon of the postsynaptic neuron.

At most chemical synapses, only one-way information transfer
can occur—from a presynaptic neuron to a postsynaptic neuron
or an effector, such as a muscle fiber or a gland cell. For example,
synaptic transmission at a neuromuscular junction (NMJ) proceeds from a somatic motor neuron to a skeletal muscle fiber
(but not in the opposite direction). Only synaptic end bulbs of
presynaptic neurons can release neurotransmitter, and only the

