

Label the diagram below.

[image: ]

What is the normal resting membrane potential of a normal neuronal cell?
	a) 0mV
	b) -30mV
	c) -50mV
	d)-70mV
	e) -90mV

Which electrolyte is responsible for maintaining the resting membrane potential in normal neuronal cells?
	a) Mg+
	b) K+
	c) Na +
	d) Ca+
	e) H+

[bookmark: _GoBack][image: ]
Complete the following sentence.  
A decrease in extracellular calcium will (increase, decrease, have no effect) on the excitability of a nerve cell.  
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SENSORY FIELDS EFFECTOR FIELDS



(1) (2) (3)



BIPOLAR NEURONS
Optic
Auditory
Vestibular
Olfactory
Cutaneous



(1)



(2)
(3)



Neurohypophysis



CORTICAL NEURONS
Cerebrum
Cerebellum
Optic lobes



CENTRAL EFFECTOR
NEURONS



Motor neurons
Autonomic neurons
Hypophysial neurons



INTERNEURONS
Secondary 
  sensory cells
Short axon types



CENTRAL
CELL
BODY



PERIPHERAL
CELL
BODY



PERIPHERAL EFFECTOR
NEURONS



Autonomic ganglia
Invertebrate ganglia



Figure 2–1. Some of the types of neurons in the mammalian nervous system. (Reproduced, with permission, from
Bodian D: Introductory survey of neurons. Cold Spring Harbor Symp Quant Biol 1952;17:1.)
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Figure 2–2. Motor neuron with myelinated axon.
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Figure 2–2.

Motor neuron with myelinated axon.
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the behavior of these channels, and particularly Na+ and
K+ channels, that explains the electrical events in nerves.



Ionic Basis of Resting Membrane Potential
As pointed out in Chapter 1, Na+ is actively transported
out of neurons and other cells and K+ is actively trans-
ported into cells. K+ moves out of cells and Na+ moves
in, but because of K+ channels, K+ permeability at rest is
greater than Na+ permeability. Therefore, K+ channels
maintain the resting membrane potential.



Ionic Fluxes During the Action Potential
The changes in membrane conductance of Na+ and K+



that occur during the action potentials are shown in
Figure 2–12. The conductance of an ion is the recipro-
cal of its electrical resistance in the membrane and is a
measure of the membrane permeability to that ion.



With catelectronic currents, some of the voltage-ac-
tivated Na+ channels become active, and when the fir-
ing level is reached, the voltage-activated Na+ channels
overwhelm the K+ and other channels and a spike po-
tential results. The equilibrium potential for Na+ in
mammalian neurons, calculated using the Nernst equa-
tion, is about +60 mV. The membrane potential moves
toward this value but does not reach it during the ac-
tion potential, primarily because the increase in Na+



conductance is short-lived. The Na+ channels rapidly



enter a closed state called the inactivated state and re-
main in this state for a few milliseconds before return-
ing to the resting state. In addition, the direction of the
electrical gradient for Na+ is reversed during the over-
shoot because the membrane potential is reversed, and
this limits Na+ influx. A third factor producing repolar-
ization is the opening of voltage-gated K+ channels.
This opening is slower and more prolonged than the
opening of the Na+ channels, and consequently, much
of the increase in K+ conductance comes after the in-
crease in Na+ conductance. The net movement of posi-
tive charge out of the cell due to K+ efflux at this time
helps complete the process of repolarization. The slow
return of the K+ channels to the closed state also ex-
plains the after-hyperpolarization.



Decreasing the external Na+ concentration decreases
the size of the action potential but has little effect on
the resting membrane potential. The lack of much ef-
fect on the resting membrane potential would be pre-
dicted, since the permeability of the membrane to Na+



at rest is relatively low. Conversely, increasing the exter-
nal K+ concentration decreases the resting membrane
potential.



Although Na+ enters the nerve cell and K+ leaves it
during the action potential, the number of ions in-
volved is minute relative to the total numbers present.
The fact that the nerve gains Na+ and loses K+ during
activity has been demonstrated experimentally, but sig-
nificant differences in ion concentrations can be mea-
sured only after prolonged, repeated stimulation.



The slower opening and delayed closing of the volt-
age-gated K+ channels also explain accommodation. If
depolarization occurs rapidly, the opening of the Na+



channels overwhelms the repolarizing forces, but if the
induced depolarization is produced slowly, the opening
of K+ channels balances the gradual opening of Na+



channels, and an action potential does not occur.
A decrease in extracellular Ca2+ concentration in-



creases the excitability of nerve and muscle cells by de-
creasing the amount of depolarization necessary to ini-
tiate the changes in the Na+ and K+ conductance that
produce the action potential. Conversely, an increase in
extracellular Ca2+ concentration “stabilizes the mem-
brane” by decreasing excitability.



Distribution of Ion Channels 
in Myelinated Neurons
As noted in Chapter 1, various substances that bind to
Na+ and K+ channels can be labeled and used to identify
the locations of the channels in the cell membrane. Volt-
age-gated Na+ channels are highly concentrated in the
nodes of Ranvier and the initial segment in myelinated
neurons. The initial segment and, in sensory neurons,
the first node of Ranvier are the sites where impulses are



ms



mmho/
cm2



membrane



0 1 2 3 4



30



Action potential



Sodium conductance



Potassium
conductance



80



60



40



20



20



10



mV
C



on
du



ct
an



ce



Figure 2–12. Changes in Na+ and K+ conductance
during the action potential in giant squid axon. The
dashed line represents the action potential superim-
posed on the same time coordinate. Note that the ini-
tial electrotonic depolarization initiates the change in
Na+ conductance, which in turn adds to the depolariza-
tion. (Modified from Hodgkin AL: Ionic movements and
electrical activity in giant nerve fibers. Proc R Soc Lond Ser
B 1958;143:1.)
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