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NERVOUS SYSTEM

I. JINTRODUCTION

A. The general function of nervous tissue is related to the high
degree of development of the protoplasmic functions of irrita-
bility and conductivity within neurons, which are the functional
units of nervous tissue. As a result, this tissue is highly
receptive to stimuli caused by environmental changes and,
subsequently, conducts this information to sites where it is
interpreted, and appropriate responses are determined.

B. Distribution

1. Nervous tissue is widely distributed and extends into almost
all parts of the body without interruption; the result is a
great anatomical and functional complex which collectively
forms the nervous systez,

2. Nervous tissue 1s not equally apportioned to all areas.
There is a great depot within the skull and vertebral canal
which constitutes the central nervous system <CAD>. The
remainder of the nervous tissue forms the peripheral nervous
system (PNS) which appears as cord-like structures radiating
from the CXS.

C. Components

1. The neuron is both the structural and functional unit of
nervous tissue. It is composed of a cell body (the soma
or perikaryen) and one cxr more cell processes.

< a. three types of neurcns are recognized by arrangement
of the preccesses:

1) multipolar neurcns - common in the CNS

2) ©bipolar neurons - associated with special senses
3) unipolar neurcns - common in sensory ganglia

b. those processes which function in the reception of
endrites. If the neuronal
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various stimuli are termaed 4
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soma functions as o

polar neurons, it i“cluied in the dendritic zone.
The single process whniczh conducts impulses away from
the dendritic zcne :is ed the axon. It may arise
directly from a de:i:i r the soma and is usually

ensheathed, branchei, and may be very long.
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c. mneurons do not function as isolated units but
communicate with each other through regions of
contiquicy, or synapses, to form functional
chains. Thus, the axon of a preceding neuron
synapses with the dendrite or cell body of a
succeeding one. Those neurons which are lo-
cated at the beginning or end of a chain are
in contact with end organs. The latter may be
sensory, or receptor, in nature, in which case

Q :5»&szrU€£§S they would be in cormmunication with dendrites,

or'““LE~POLNP or they may be motor, or effector, in nature
nevvon. and be contacted dy zn axon.

2\ 2. Supportive cells are in intimate association with

neurons. There are three types: neuroglia of the
CNS, neurilemma (Schwann) cells of :the PNS, and
satellite cells of the ganglia.

Connective tissue proper Zorms membranous investments
(the meninges) of the CNS, capsules of ganglia, and
the fibrous stroma of zhe PXNS.

IT. THE NEURON
A. Cell body
1. Disposition and generzl zorpholegy

a. the bodies usually oczur in clusters which are
termed ganglia when within the PNS or nuclei when
in the CNS.

'ﬁﬂ{uony~Neuron_ b. the size of the soma is highly wvariable: 3. - 100+..

X Generally, there is =z direct relationship between
body size and the length and diameter of its cellular
processes.

the single round nucleus is most often centrally
placed (there are exzeptions ), and its nucleoplasm
is usually pale, sugsesting abundant euchromatin.
A single large and prominent nucleolus is commonly
seen.

The organelles and cell bodyv are common
types but several a ay that tvpifies

A -
7XON neurons.

a. Nissl substance apreirs a
clumps of material iz ¢
microscopy. The substa

of granular e.r. and po both ¢
may extend into dendrit into the axon.
The abundance of these elements suggests active
synthesis of proteins. Much of the product is
transported distally in the cellular processes
and is not necessarilyv routed through the Golgi
apparatus.
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lacing network. It consists of numerous stacks of
flattened cisternae and associated vesicles.

c. following treatment with salts of silver or gold, fine
£ibrils, or neurofibrils, can be seen crisscrossing
the cytoplasm and extending into cytoplasmic processes.
At the ultrastructural level they represent aggregations
of filaments of unknown composition which associate with
microtubules like those seen in other cells. There is
evidence that both elements may function in the transport
of materials out of the somal region and distally in
cellular processes.

neuroFibrils d. lysoscmes and mitochondria are numerous

e. lipcfuscin pigment (yellow-brown) accumulates in the
Soma as a neuron ages. At the ultrastructural level
it can be seen confined within vesicles which may have
been lysosomes at an earlier time. Consequently, the
pigment may be an undigestible end-product of lysoscmal
activity.

3. A variety of studies have demonstrated a flow of materials frem
the regicn of the soma into cellular processes where they are
subsequently utilized. Interruption of the flow, e.g., by
section, causes degeneration of the distal segment. Therefore,
it is impertant to visualize the neuronal cell body as the
trophic, cr nutritional, center of the neuron.

B.

Dentrites

1. Generally they are richly branched structures and often present
a thorny surface. The net effect is a large surface area
available for contact with axon terminals.

2. They may be directly continuous with the cell body (as in

<— multipolar neurons) or with the axon (as in bi- or unipolar
neurons). In the former case the cytoplasmic components are

the same as the cell body. In the latter case the dendritic
cytoplasm lacks nissl substance but mitochondria,neurofila-

y Soma. ments, and microtubules and are abundant. -

3. There is no ensheathment similar to that of axons. However,
you should realize that the dentrites of certain of the
sensory neurons may be surrounded by a receptor type of end-
organ.
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The axon

1.

It 1s a single, of:zen iengthy p:ocess which may arise
directly frem the zell body.

a.

the site ¢ crigin is made conspicuous by the
abrupt disappearance of Nissl substance. The
resulting pale area <f cytoplasm is termed the
axon hilisck.

the axcn gives off oczzsional branches, called
colizterals, aslong its course. Toward the
terminaticn ¢f the main axon there is a spray
of fibers {(the telcdendria). Each branch
synapses with other neurzns or effectors,
i.e., muscle fibers or gland cells.

Axoplasm (contents of the axon)

a.

mitcchondria, vesicles, neurciilaments and
micretubules. There is no Nissl substance,
Golgl apparatus, or pigment. The cell membrane,
or axclemma i1s a typical unit membrane.

axoplasm is transported distaliy in the axon at
1-3 mm/day. Mzre rapid movements of proteins,
vesicles, and other particulates have also been
observed in a variety of species. The materials
are of celi body origin and presumably serve to
replace compounds uvtilized in the conducticn of
action pstentials and in the release and rebinding
¢l transmitter substances at synaptic sites. The
precise ultrastructural basis of axcnal transport
is unclear but recent reports suggest that the
micrctubules (and perhaps neurofilaments) are
mediators 5f transport as well as axon growth and
structural suppert. (Fer a recent discussion

see J. Cell Biol., 53: 164, 1972.)

Investing layers. Most axons acquire cne or more accessory
sheaths or wrappings along their course. There are two
types: the myelin sheath and the neurilemma.

a.

the type of ensheathment is related to the location and

diameter of the axon. In the PN3, larger diameter zxsos

have both types while the smallest diameter axons, including
those from autonsmic ganglia, are ensheathed by a neurilezma
only. 1In rthe CNS, axons lccated in the white matter are
surrounded by a myelin sheath, and axons in the gray nmatter
are devcid of wrappings (the ensheathment of CNS axcons will

be discussed with neurcglia).
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micrcscopy, myelin appesars as an unstained, vs-uolated

z;‘”. ,k{/”'—_—_-§‘\residue {often called 'meurckeratin") which surround
t :4- e - :

- _— the shrunken axon. This appearance results because myelin

RGN — ts rich in lipid, which is removed with routine histological
;%3 techniques. However, the lipid can be pr ese”ved and
2 selectively stained (e.g., with osmic acid), and it bSecomes
X3 o apparent that the amount of myelin surrounding an awxon is
|

(

cirectly preportional to its (the axen's

) Jiameter. None
is seen in relation to the smallest dia—=

T arons.

NTE c. encircling the myelin when it is pres=r., or encircliing
®<33 the smallest diameter axons directly, 15 the Schwann -ell,
’ which thereby forms the neurilemma, I ., the embraces of

A.S (}shu;JR:yd the Schwann cell constitutes the neurilemma. With rre

light microscope the disposition of <nhe Schwann
best be visualized if the plane of section inc:
nucleus since in this region the cytoplasm 1s
conspicuous.

/

_uter Qm§zg§ D. Details of the myeline sheath and neurilemma
ek Membrore '

o 1. The electron microscope has demonstrated that
! f_‘\‘\\\\ of the PNS is a specialization of the Schwann

\\ a. 1t is a spiral wrapping of the Schwann cell mem
around the axon. Generally the compaction cf :h
membrane within the spiral leaves no interveniag
cytoplasm, although there are regions of exce-zion
it appears that the apposed inner leaflets cf :-e
cellular membrane fuse. A minute extracellular spacs
may exist between the apposed outer leaflets.
the trilaminar appearance of cell membranecs,
degree of compaction within the spiral, the mveliz
sheath appears at high resolution as alternating
lamellae of high and low electron densitv. The lip:ii
Component of myel*n re7~*es of course, to the ligisd

myelin is related to the proteln content cf

X3 / b. The mechanism by which the spiral is formed
—USiAr. gt During embrvonic growth Schwann cells (neur
e (Qaghd;) accompany the outward growth of axons from ha

establish a chain of Schwann cells in relutizn -2
axon. Subsequently, according to one concept,
undergoes repeated rotation around its seument
while trailing a highlyv attenuated length o ¢

This establishes the jellyroll configuration

The remainder of the cell, i.e., that partc cc

nucleus and cytoplasm, is immediately superfi

myelin spiral and forms the neurilemma. ‘whe

Schwann cells abut one another there is ncces

slight interruption of the myelin sheath;

at the light microscopic level as a node
the apposed Schwann cells may interdigitace
there is relatively free communication bezwe
and surrounding tissue fluid.
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electron microscope has demonstrat . * - - small
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fibdevs of tne PNS simply lie in a grcove "ecess along
the surface of a Schwann cell. Conseq. these fibers
have a neurilemmal ensheathment and n~ s; cal of unit
membriane exists. A single Schwann coll <ay accomodate

several axons, each occupying its own recess.

3 Physioleogically, the larger diameter axons conduct an action
potential at a faster rate than smaller diameter axons. The
rate of conduction may also be correlated with the degree of
mvelination, and a long-standing concept suggests that one
functicn of myelin is that of a biocelectric insulator whose
presence increases the rate of conduction.

-n2 synapse 1s a region of specialized proximity bSe

etween an
axon terminal and a successive neuron or effector crgan.

i “nterneuronal synapses may be classified on the basis of
tocation:
. - hy : . —_ b - - A A Ayi
axodendritic etween axon and dendrite
2. axosomat 11 body

ic - between axon and cel
¢ ~ comparatively infrequent, one axon
contacts another axon near its beginning or end

2. At a synaptic site the axon terminates as a bulb-like

expansion, or end-foot, whose unit membrane, or presvnaptic
membrane, is separated slightly from the subjacent or
Dostsvnaptic membrane of the successive cell. The intercellular
£ap 15 termed the synaptic cleft.

a;//each end~foot contains an abundance of mitochondria and
clusters of small vesicles, the svnaptic vesicles, which
are believed to contain a neurctransmitier substance.

b. there is no protoplasmic continuity in the region of the
synaptic cleft. Transmission of an action potential
across the gap is believed to occur via the release of
neurctransmitter substance from the presynpatic membrane
(by reverse micropinocytosis) and its subsequent diffusicr
to stimulate receptor sites in the postsynaptic membrane.
Release of the transmitter substance is presumed to be
stimulated by the arrival of an action potential at the
end-foot. There are enzymes present in certain types of
synapses which quickly hydrolvze the transmitter substance
and presumably may control the duration of stimulation

PERIPHERAL NERVE
Elements

1. Nerve fibers, which means axons plus their ensheathment by
supporting cells.

2. Connective tissue, which is represented largely by collagen
fibers and fibroblasts.
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1. The nerve fibers occur in itundles, or fascicles, . : yin turn,
are gathered together to form a nerve bv a surrounding laver of
dense connective tissue

//’/__\\\ a. the sleeve of connective tissue enclosing the enti.. terve
is termed the epineurium and extensions of this - . penetrate
between the enclosed fascicles.

immediately surrounding each fascicle is a thin layer of
concentrically arranged connective tissue, the perineurium,
there is evidence that s single laver of flattened epitheliloid
cells comprise the deepest extent of the perineurium and

acts as a barrier to the penetration of materials into the
subjacent nerve fibers.

™ : i
\;Xp?kfbrﬂl,uﬁfVC— ¢. within the fascicle and around each nerve fiber is a meshwork
-

of fine collagen fibers with occasional fibreblasts. The
fibrous framework is often called the endoneurial tube.

o

while large peripheral nerves consist of several fascicles, small
narves may contain only a single fascicle; in the latter case ther=
1s nc definitive epineurium.

3. Elood vessels and lymphatics course in the epineurium and supply
capillaries within the endoneurial tissue.

IV. THZ GANGLION
A. Elements

1. YNerve cell bodies and related burniles of nerve fibers

2. Catellite cells

3. Connective tissue elements, largely collagen fibers and
fibroblasts.

B. Construction

1. The nerve cell bodies occur in clusters which are se e
siightly from each other by bundles of nerve fiders and strands
cI connective tissue.

&. each cell body is enclosed by a single laver of flattened
satellite cells which are homologous to, znd continuous with,
Schwann cells.

o. immediately superficial to the satellitc -7 "= - zre
fine collagen fibers and fibroblasts, an. o-.¢ o .. nen4s -
are continuous distally with the endoneuri.~ : 2 c¢ccizzed
nerve fibers

2. ine ganglion is encapsulated by mcderately dense connective

tissue which is continuous distally with the epineurium and
rerineurium of the associated nerve.

~J
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0f axons and their ensheathment

a. distal to the site of section both the axons and myelin
sheaths degenerate completely (Wallerian degeneration).
The Schwann cells remain within the endoneurial framework,
and some undergo mitosis. Schwann cells participate in
phagocytosis of debris as do invading macrophages.

b. proximal to the site of section, similar events extend for
the length of a few internodes.

0f the cell body

a. chromatolysis: the Nissl substance assumes a peripheral
disposition, leaving the central region pale staining.
The nucleus also moves to the periphery. 1In addition, the
Golgi apparatus becomes dispersed and there is cellular

swelling.
b. complete degensration may occur in scoe Others show a
reversal of the chromatolytic reaction.

Regenerative Changes

The expanding chains of Schwann cells protrude into the site
of section from either side and establish cellular bridges.
Fibroblasts are also proliferating in this region and
producing collagen which may impede the establishment of the
Schwann cell bridges.

If the cell body reverses the chromatolytic reacticn thsz
axonal stump concommitantly thickens and gives rise t:
several sprouts. The latter grow toward the site c¢f
cleavage, guided by the chain of Schwann cells within the
endoneurial framework.

a. 1if scar tissue formation is not too extensive scre of rae
sprouts will successfully bridge this area in the compan
£ the Schwann cell chain and subsequently enzer an
endoneurial tube at the distal side.

b. <eve*al sprouts may enter a single endoneurial tuke, but

sually only one will persist. A regenerating axon ,ro_.o”

distallv at the rate of 2-3 mm/day and eventuallw
reinnervates the end-organs supplied by the particulir ra:

c. lin sheaths are slowly formed around appropriate axons





