[image: image1.jpg]Refractory period is a term used in connection with
nerve and muscle cells. During the refractory period
these excitable cells become unable to respond to
stimuli that would normally cause them to generate
action potentials. In this What Is?, we look at what the
term means, what happens at the plasma membrane
during the refractory period, and how the refractory
period contributes to the normal and abnormal func-
tioning of these cells.

Dictionary definitions of ‘refractory” include ‘hard to
manage’, ‘disobedient” and ‘resisting ordinary methods
of treatment’. These descriptions imply that a refractory
period is a time during which what we might consider
to be the norm does not occur, and that is exactly the
case. Both nerve and muscle cells generate electrical
impulses (action potentials), which have a specific dura-
tion. This is usually a few milliseconds for a nerve cell
but may be much longer — more than 100ms — in a
heart muscle cell. The generation of an action potential
is triggered by depolarisation of the plasma membrane.
This makes the cell less negative inside, up to or beyond
a certain threshold level. Once the threshold is reached,
an action potential is always generated. An exception to
this is during the refractory period — a short period of
time immediately after an action potential, during which
it is much harder to generate another action potential.
The refractory period is divided into two parts. At first,
no action potential can be triggered at all — this is called
the absolute refractory period. The relative refrac-
tory period then follows, during which an action
potential may be triggered, but only if a greater than
normal depolarising stimulus is supplied, that is, the
threshold is raised.

How does it work?

To understand how the refractory period works, we
need to review briefly the events that occur at the
plasma membrane during an action potential (see
BIOLOGICAL SCIENCES REVIEW, Vol. 18, No. 3, pp. 2-5).
When a nerve cell is at rest, its plasma membrane is
polarised, that is, it is negatively charged inside
compared with outside the cell. The resting membrane
potential is usually around -70 millivolts. When the
membrane is depolarised beyond a threshold voltage
(around -50mV), sodium ion (Na*) channels in the
membrane open. These channels allow Na* to diffuse
rapidly into the cell, where the concentration of Na* is
much lower than in the extracellular fluid. Influx of
Na* causes further depolarisation because of the positive
charge of the sodium ions. It is this positive feedback
cycle of depolarisation — opening of Na* channels —
further depolarisation that leads to the fast-rising phase
of the action potential (see Figure 1). However, Na*
channels have a strictly time-limited opening. After
around 0.5 ms, they automatically shut and the voltage
across the membrane begins to return to its resting level
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of <70 mV. During the
falling phase of the action potential the
Na* channels are in an ‘inactivated’ state
and they cannot open again until they return to their
normal ‘closed” state. The time during which Na* chan-
nels are inactivated represents the absolute refractory
period; no depolarisation, however large, can
trigger a further action potential.
Potassium ion (K*) channels also
contribute to the falling phase of the action
potential. These open later than Na* chan-
nels, during the falling phase. When open,
they allow K* ions to leave the cell, making
it more negative inside and thus aiding the
return to the normal resting potential of
—70mV. However, K* channels stay open for longer than
Na* channels and this makes the membrane potential
briefly overshoot to a level more negative than at rest.
This overshoot is called the after-hyperpolarisation and
follows every action potential (see Figure 1). During
the time when K* channels are open, it is much harder
to depolarise the cell to threshold and this represents the
relative refractory period. The action potential and
refractory period in heart muscle cells work in a similar
way, but last much longer.

Why is it needed?
The refractory period ensures that action potentials are
spaced out, rather than overlapping each other. It is
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[image: image2.jpg]easy to see how important this is for heart muscle action
potentials. Since each impulse in the heart muscle cells
triggers muscle contraction, it is essential that beats are
adequately spaced so that there is time for the heart to
fill up with blood in between.

In nerve cells, spacing between action potentials over
time allows for the ‘digital’ coding of information. Each
nerve fibre (axon) has a maximum firing frequency,
which is determined by the duration of its refractory
period — the longer the refractory period, the slower the
maximum firing rate. So, for example, sensory axons in
your auditory nerve may fire up to 500 action potentials
per second — this is because their refractory period is
only about 1 ms long. In contrast, the maximum firing
rate of some nerve cells in the brains of slugs and snails
may be as little as 20 action potentials per second. Below
the maximum frequency, the strength of a stimulus is
coded for by the frequency of action potentials passing
along the axon. This is called the ‘frequency code’.
Sensory nerves, as a general rule, code for increased
intensity of a stimulus (light, sound, touch) by
increasing their action potential firing frequency (see
Figure 2).

The refractory period also ensures that action poten-
tials only travel in one direction along an axon. Imagine
an action potential that is triggered half-way along an
axon. There is no reason why it should not travel in
both directions away from the site of initiation.
However, in the normal situation where an action
potential travels from the cell body towards the axon
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Figure 2 (A) A freshwater crayfish. (B) Action potential frequency coding of
muscle stretch in stretch receptor nerve cells of the crayfish. When the muscle
is stretched, fine sensory processes (dendrites) of the receptor nerve cell are
stimulated, leading to increased frequency of action potentials in the axon.
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Figure 3 One-way transmission of action potentials along a
nerve cell axon. The region of the axon just behind the action
potential is always in a refractory state. This means that the
action potential can only travel forwards.

terminal, the portion of axon just behind the action
potential is in a refractory state because it has only just
finished generating an action potential (see Figure 3).
Therefore the action potential can only travel one way,
that is, away from where it has just come.

Can it go wrong?

Abnormalities in nerve cell refractory period occur in
conditions such as diabetic and alcoholic neuropathies
(diseases of nerves). These conditions can be extremely
debilitating, with a huge variety of symptoms such as
severe pain, numbness, itching, tremor, muscle weak-
ness and abnormalities in posture and movement. The
refractory period is often prolonged, impairing the ability
of the nerves to conduct action potentials at high
frequencies. Similarly, in diseases where there is loss of
the insulating myelin sheath around the axons — for
example, multiple sclerosis — the refractory period is
again abnormally long. This can severely restrict the
maximum frequency at which action potentials can be
transmitted along axons. A common early symptom of
multiple sclerosis is a reduction in the ability to sense
vibration. This is because accurate coding of vibrating
stimuli on the skin is highly dependent on the sensory
axons’ ability to transmit action potentials at high
frequency. Later stages of the disease involve impair-
ment in both sensory perception and muscle control, as
both sensory and motor axons lose their ability to
transmit action potentials.

A normal refractory period is essential in heart muscle
cells to avoid the heart going into a state of fibrillation.
Fibrillation in the ventricles of the heart (ventricular
fibrillation) can occur when contraction of heart muscle
cells becomes uncoordinated. Because the heart can no
longer pump blood efficiently, the body quickly becomes
deprived of oxygen, leading to unconsciousness and
cardiac arrest. This condition is often fatal and can occur
when the refractory period is, for whatever reason,
abnormally short.
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[image: image3.jpg]Patient receiving emergency
defibrillation to treat a heart
attack.

In the normal situation, an action potential travels
quickly through all the muscle cells of the ventricle for
every heart beat, leading to coordinated contraction to
pump blood out. The cells are all then in a refractory
state and thus cannot contract again until the next
heartbeat is triggered. The nermal refractory period in
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ventricular muscle cells is around
300ms (about one-third of a
second). However, if the refractory
period becomes much shorter, then
by the time the wave of activity has
passed through the whole ventricle,
many cells are no longer refractory
and can become active again. The
whole ventricle can enter a state in
which individual muscle cells
generate action potentials and
contract at high frequency and in an
uncoordinated and disorganised
fashion. The heart ‘quivers’ and
normal pumping of blood ceases.
Treatment is by ‘defibrillation’; a
large electric shock is applied to the
heart, making all the cells fire at once
and then become simultaneously
> refractory. The hope is that normal
function will resume within a few
seconds and the patient can then be
treated with drugs to prolong the
refractory period.

Dr Catherine McCrohan is a Senior Lecturer in the
Faculty of Life Sciences at the University of Manchester.
Her research centres around action potential coding in
nerve cells from a range of organisms, such as fish,
insects and molluscs
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