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Concepts,
definitions and
ideas of interest
to biologists
are explained
in this column,
Please tell us
of any topics
you would like

to see included.

A-Pacinian
corpuscle

Close your eyes and touch the objects on
the desk in front of you. That hard, cold
cylinder is a metal pen. And this tiny thing
— OUCH, a pin! The wooden desk top
feels smooth when stroked in the direction
of the grain, but rougher across the grain,
A variety of sensory receptors in the skin
contribute different components — shape,
size, temperature, pain and texture — to
our sense of touch. Understanding how
these work could help to develop a better
Braille alphabet for blind people, or
provide sighted people such as pilots with
extra channels of communication for those
critical moments when their eyes cannot
take in all the necessary information.

Various forms of Braille
alphabet have been used
since 1834. Each letter
(and a few common
words such as ‘and’) is
represented by a pattern
of raised dots in a ‘cell’
three dots high by two
dots wide.

Figure 1 Diagrammatic [
section through a Pacinian
corpuscle.

How do we distinguish
different textures? As we run
our fingers over a surface,
the ridges on our fingertips
grip and slip, grip and slip
repeatedly on the rougher
surfaces, causing the skin to
vibrate. The vibrations are
detected by pressure recep- L
tors called Pacinian corpus-
cles, deep in the dermis of
the skin, especially in our
fingers and toes. Pacinian corpuscles are
the largest of the skin's mechanoreceptors
(sense organs responding to mechanical
stimuli). They also occur in joints, tendons
and, in some mammals such as cats, in the
mesenteries that support the gut. The
naked ending, or terminal dendrite, of a
single sensory neurone (nerve cell) lies in
the centre of the corpuscle, surrounded by
concentric layers of connective tissue sepa-
rated by a viscous gel, so that when
sectioned the corpuscle resembles an onion
(see Figure 1). New layers or lamellae are
added throughout life, so that a corpuscle
0.5 mm long at birth may be 3-4 mm long
by the age of 70, and more of the neurone
gradually becomes encapsulated inside the
corpuscle.

How is the mechanical stimulus
converted into the electrical nerve impulses
that transmit sensory information along
the sensory neurone from the sense organ
to the central nervous system? The first
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step, called transduction, is the produc-
tion of a small receptor potential of about
I'mV (1/1000th volt) across the receptor
membrane of the terminal dendrite when
pressure (the stimulus) is applied. The
receptor potential is produced by deforma-
tion (stretching) of the receptor membrane.
Deformation interferes with ion channel
proteins embedded in the membrane,
causing leaks, permitting an influx of posi-
tively charged sodium ions. The role of
sodium fons was demonstrated by record-
ings from corpuscles placed in a saline
containing no sodium ions: this resulted
in a smaller receptor potential.

In many sense organs, such as the
ear, the sensory cells are not neurones, but
connect to them through synapses. The
sensory cells produce receptor potentials
and each neurone then produces a generator
potential, which generates nerve impulses
along the neurone. In the Pacinian corpuscle
the receptor potential and the generator
potential are the same thing, and nerve
impulses are generated at the first node of
Ranvier. This node is the point where the
neurone becomes coated in an insulating
myelin sheath produced by Schwann cells,
which wrap around the neurone, making it
less permeable to sodiuth ions.

The size of the receptor potential,
measured with a tiny recording electrode,
is proportional to the strength of the stim-
ulus. However, the generator potential can
only be detected close to the site of the
stimulus. Therefore, information about the
strength of the stimulus, originally encoded
as the size of the generator potential, must
be converted into a different code —
one that uses nerve impulses. Nerve
impulses are large (up to 100mV) and
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Figure 2 The sequence of changes which occur during the rapid application and removal
of a pressure stimulus, in the shape of the Pacinian corpuscle, the deformation of the
nerve membrane, the size of the generator potential in the receptor region of the neurone,
and the discharge of nerve impulses in the sensory neurone leading from the corpuscle.

renew themselves as they travel along the
neurone, so they never die out. Because
impulses in a neurone are all the same
size (‘all-or-nothing’), information about
the stimulus strength cannot be encoded
as size of impulse, instead it is encoded
as the frequency of impulses. In summary,
bigger stimuli produce larger generator
potentials which generate more frequent
impulses.

What is the function of the gel-filled
lamellae? They are not required for
protection, for other skin nerve endings
are naked. The lamellae mechanically
filter the stimulus. Apply the pressure too
slowly and the gel just flows away from
the stimulus, so the sensory membrane is
not deformed. Apply the pressure quickly
and the membrane is deformed for a few
milliseconds, until the gel flows and the
membrane resumes its normal shape.
Thus the receptor responds to change of
pressure but not to a steady pressure (see
Figure 2). This process is called sensory
adaptation. When the pressure is removed
the corpuscle resumes its normal shape,
producing another transitory deformation

of the receptor membrane and another
brief generator potential. The generator
potentials are so brief, they generate only
one or a few nerve impulses, but the
corpuscle can respond to rapidly repeated
stimuli (vibrations), and are most sensi-
tive to vibrations between 40 and 300
Hertz (cycles per second).

170 years after their discovery by a
young medical student, Filippo Pacini,
these receptors still pose questions.
Details of their structure and physiology
are refining our explanation of how they
work. And why do some occur in deep
body structures? Why, for example, do
cats need vibration receptors in their
guts? One suggestion is that the cat senses
ground vibrations while stalking prey
with its belly pressed to the ground. W
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