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WOYELR SHEATH

SODE OF RAMVIER

MOTOR NEURON ls the merve eell that
‘ . iral lmpulses to artivate muscle
fibers. The eell body drep) fams out into o
mamber of 1wigs, the dendrites, which make
symapthe contact with other merve Bbers
{see fop illusranisn om opposile page).
Merve walees arising sl the cell boddy
travel thrsugh the axen 18 the motor-plate
sndings, which are embedded in muscle
fibers. Myelin <hesth Is lormed by Schwann
oeils ss shown sl boliom of opposite page.
By insulating the axon it myelin wrapping
increases the spoed of signal transmision.
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INHIBRITION OF A MOTONEURON §s investigated by methads
like those weed for stadying the EPSP. The inhibitory couwnter.
part of the EPSP is the IPSP: the inhibitory postsymaptic poien:
tial, Oscilloscope A records an afferent velley that travels to &
mumber of inhibitory nerve cells whose axons form symapses om 8
wearhy motoneuron (ses illustration on page 166), A microclec

0 MILLISECOMNDS

trode In the motencuron s conmected te oscllloscope B, The se-
quensce @, & and ¢ shows how mccessively larger afferent volloys
produce saccesidvely deeper IPSFs, Curves st right shew how the
IFSP is medified when a background current is used to changre
the motonsuron’s resting potential. The equilibrium peatential
where the IPSP reverses directlon b abeut mines 80 millivobs
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INHIBITION OF A SPIKE DISCHARGE i an elecirical sab-
traction process. When o nermal EPSP reaches w threshald {lefr,

it will ordimarily produee & spike. An IPSP widens the gap be
tween the cell's internal potential and the firing threshald. Thus if

a cell is simultanesusly subjected to both excitatory and inhilitory
stimulation, the IPSP s sabtracted from the EPSP {right} and oo
wpi'ce oocurs. The five harizontal lines show equilibrium petentials
for the three principal fons as well as for the EPSPF and [PSP,
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potential of perfused squid axon is blocked
*t on membrane potential) by antiserum

or by -SH nts Reaction with anti-

reduced, suggesting

conformation




OUTSDE MEMBRAME

POTASSI .
KOS

METABOLIC
DRIVE

8

130 MLIVOLTS

DIFFUSION

“SODIUM PUMP,"” details unknown, fs required to expel sodium ions from the interjor ol
the nerve axon so that the interior sodium-lon concentration |s beld to abomt 10 Per cent
that of the exterior fuld. At the same time the pump drives potassium fons “uphill™ from a
low external concentration to o Jtimes-higher internal concentration, The Pumping rate
must keep up with the “downhill™ leakage of the two kinds of jon, Since both are positively
charged, sodium ions have the higher leakage rate (expressed in terms of millivolis of driv-
ing force) because they are attracted to the negatively charged interior of the anof, wiereas
potassium ons tend 1o be retsined. Bai there is siill & net outward leakage of polassium,
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CORTICAL CELLV ~—— AFFERENT FIBERS
FROM LATERAL
GENICULATE BODY
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FUNCTIONAL ARRANGEMENT of cells in visual cortex resembled columns, although
columnar structure is not apparent under a microscope. Lines 4 and B show paths of two
microelectrode penetrations; colored lines show receptive-field orientations encountered.
Cells in a single column had same orientation; change of orientation showed new column,




¥y MERVE FIBER

MOTOR MERE FIBER i ]
SPNAL CORD

piters the spinal cord, wheee it makes synaplic contact with a motor

beetween sthims
ther muscle containimg the spindle,

HEFLEX ARG illusirates the minimuis nerve ¢ irewit
pinadle meuran whose aven relarns to

wlus and response. A sensary fiber arising im a mustle
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NERVECELL NETWORK IN THE RETINA, here magnified transparent layer of
cteis, exemplifies the retknal remplesity i and T pen ) wrifuns with ik
sre the densely parked cells show rol. .
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"l'he first step in trying to understand

nerve cells, and one relatively long

regenerated afresh on the other side. As

SENSORY NERVE FIBER

SENSORY NERVE FIBER

INHIBITORY
MEURON

MOTONEURON |

CELL BODY

REFLEX ARCS provide simple pathways for studying the trans.
mission of merve impulses from one nerve cell to another. This
transmission is effectuated at the junction points ealled synapses,
In the illustration the sensory fiber from ome muscle streteh
receptor (a) makes direct synaptic contact with a motoneuron
in the spinal cord. Nerve impulses gemerated by the moto-

MOTONEURON AXON

SPINAL CORD

neuron activate the muscle to which the stretch receptor is a-
tached, Stretch receptor b responds to the tension in a neigh-
boring antagonistic muscle and sends impulses 10 a nerve cell
that can inhibit the firing of the motoneuron, By electrically stim-
ulating the appropriate stretch-receptor fibers one can study
the effect of excitatory and inhibitory impulses on motoneurons,




AFFERENT NERVE FIBERS

MOTOR NEURON AXON

T e -

MOTONEURON CELL BODY and branches called dendrites are covered with synaptic
knobs, which represent the terminals of axons, or impulse-carrying fibers, from
other nerve cells. The axon of each motoneuron, in turn, terminates at a musele fiker,

MITOCHONDRIA

SYMNAPTIC
VESICLES

SYNAPTIC
CLEFT

DENDRITE

SYNAPTIC KNOBS are designed to deliver short bursts of a chemical transmitter sub-
stance into the synmaptic cleft, where it can act on the surface of the nerve-cell membrane
below. Before release, molecules of the chemical transmitter are stored in numerous vesicles,
or sacs. Mitorhondria are specialized structures that help to supply the cell with energy.




CURRENT FLOWS induced by excitatory and inhibitory synapses are respectively shown
wt left and right. When the norve ceoll s at rest, the interior of the cell membrane is uni
formly negative with respect to the exterior. The exciiatory synapse releases a chemical
substance that depolarizes the cell membrane below the synaptic eleft, thus letting eur-
rent flow nto the cell st thet point. At an inhibitory synapse the current flow is reversed.

SYNAPTIC VESICLES containing a chemieal transmitter are distributed throughout the
synaplic knob, They are arranged here in o probable sequence, showing how they move
up te the symaptic clef, discharge their contents and returs to the interier for recharging.
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PROPAGATION OF NERVE IMPULSE coincides with changes
in the permeability of the axon membrane. Normally the sxon in
terior is rich in potassium lans and poor in sodinm kons; the fuid
omtside has o reverse composition. When a nerve impulse arkses,
having been triggered in some fashion, a “gate™ opens and Bets
sodimm jens powr into the axon in sdvance of the impulse, making
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the axan imerior locally posliive. In the wake of the impuelie the
sodium gate closes and a potasidum gate spens. allowing potassinm
jons to flow out, redoring ithe mormal negative potential, As the
nerve impulse paoves along thee axsn (f and 20 it leaves the axan in
a refractory state briefly, alter which a sevond impulse ran follow
{3}, The impulse propsgstion speed b that of o squid axen
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EXCITATION AND INHIBITION of a nerve cell are accomplished by the nerve fibers
that form symapses on s sarface. Diagram | shows a motoneuron in the restimg state, In 2
impalses received from ane exeltatory fiber are inadequate to canse the motoneuron to fire
Im 3 impalies from & second excitatory fiber raise the motonearen 1o firing threshold. Im
4 impulses carried by an inhibitory fiber restore the subihreshold conditbon. In 5 ihe in-
hibitary fiber slane ls carrying impualics, There is no dilference in ihe electrical im-
pitliss earrled by excilatory and ishibitory merve fibers. They achieve opposite clects

cramie they release different chemical iransmitier substances at their synagptic endings.
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