not well understood, we do have a reasonable understanding of how messages
are transmitted within the nervous system: they are electrical signals passing
along the basic element of the nervous system, the neuron.

Neurons are living cells of unusual shape (Fig. 18-27). Attached to the
main cell body are several small appendages known as dendrites and a long
tail called the avon. Signals are received by the dendrites and are propagated
along the axon. When a signal reaches the nerve endings, it is transmitted to
the next neuron or to a muscle at a connection called a svnapse. (Some
neurons have separate cells, called Schwann cells, wrapped around their
axons; they form a layered sheath called a myelin sheath and help to insulate
neurons from one another.)

Neurons serve in three capacities. “Sensory neurons™ carry messages from
the eyes, ears, skin, and other organs to the central nervous system, which
consists of the brain and spinal cord. “Motor neurons”™ carry signals from the
central nervous system to particular muscles and can signal them to contract.
These two types of neuron make up the “peripheral nervous system™ as distin-
guished from the central nervous system. The third type of neuron is the
“interneuron,” which transmits signals between neurons. Interneurons are in the
brain and spinal column, and often are connected in an incredibly complex array.

A neuron, before transmitting an electrical signal, is in the so-called “resting
state.” Like nearly all living cells, neurons have a net positive charge on the
outer surface of the cell membrane and a negative charge on the inner surface,
as mentioned in Section 17-11 with regard to heart muscles and the ECG. This
difference in charge, or “dipole layer,” means that a potential difference exists
across the cell membrane. When a neuron is not transmitting a signal, this
“resting potential,” normally stated as
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is typically —60 mV to —90mV, depending on the type of organism. The most
common ions in a cell are K™, Na™, and CI”. There are large differences in the
concentrations ol these ions inside and outside a cell, as indicated by the typical
values given in Table 18-2. Other ions are also present, so the fluids both inside
and outside the axon are electrically neutral. Because of the differences in
concentration, there is a tendency for ions to diffuse across the membrane (see
Section 13-14 on diffusion). However, in the resting state the cell membrane
prevents any net flow of Na™ (through a mechanism of “active pumping” of Na”
out of the cell). But it does allow the flow of Cl™ ions, and less so of K™ jons, and
it is these two ions that produce the dipole charge layer on the membrane.
Because there is a greater concentration of K* inside the cell than outside, more
K" ions tend to diffuse outward across the membrane than diffuse inward.
A K" ion that passes through the membrane becomes attached to the outer
surface of the membrane, and leaves behind an equal negative charge that lies
on the inner surface of the membrane (Fig. 18-28). The fluids themselves
remain neutral. Indeed, what keeps the ions on the membrane is their attraction
for each other across the membrane. Independent of this process, C1™ ions tend
to diffuse into the cell since their concentration outside is higher. Both K* and
CI™ diffusion tends to charge the interior surface of the membrane negatively
and the outside positively. As charge accumulates on the membrane surface, it
becomes increasingly difficult for more ions to diffuse: K ions trying to move
outward, for example, are repelled by the positive charge already there. Equilib-
rium is reached when the tendency to diffuse because of the concentration
difference is just balanced by the electrical potential difference across the
membrane. The greater the concentration difference, the greater the potential
difference across the membrane, which, as mentioned above, is in the range
—60mV to 90 mV.
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FIGURE 18-27 A simplified
sketch of a typical neuron.

TABLE 18-2
Concentrations of lons Inside
and Outside a Typical Axon

Concentration Concentration
inside axon outside axon

(mol/m%) (mol/m’)
Kt 140 =)
Na* 15 140
&= 9 125

FIGURE 18-28 How a dipole laver
of charge forms on a cell membrane.
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