


NERVE TISSUE

GENERAL CONCEPTS

* Nerve tissue is highly specialized to employ modifications in membrane electrical potentials to relay signals throughout
the body. Neurons form intricate circuits that:
* Relay sensory information from the internal and external environments.
* Integrate information among millions of neurons
* Transmit effector signals to muscles and glands.

FIGURE 9-1 The general organization of the nervous system.

Anatomically the nervous system is divided into the CNS and PNS,

 Anatomical subdivisions of nervous tissue

Central which have thewjor components shown in the diagram.
* Central nervous system (CNS) | nervous Functionally the nervous system consists of the following:
system (CNS) 1. Sensory division (afferent)

* Brain
e Spinal cord

A, Somatic—sensory input perceived consciously (eq, from
eyes ears, skin, and musculoskelatal structures)

B. Visceral—sensory input not perceived consciously (ag,
from internal organs and cardiovascular structures)

o P . h / P N S - ﬁﬂﬁ'&m 2. Motor division (efferent)
erlp erai nervous SyStem ( ) system (PNS) A, Somatic—motor output controlled consciously or volun-

tarily (eqg, by skeletal muscle effectors)

E. Autonomic—motor output nof controlled consciously (eg,
by heart or gland effactors)

The autonomic motor nervas, comprising what is often called
the autonomic nervous systam (AMNS), all have pathways invalving
twio neurons: a preganglionic neuron with the call body in the CNS
and a postganglionic neuron with the call body in a ganglion. The
AMNS has two divisions: (1) The parasympathetic division, with its
ganglia within or near the effector organs, maintains normal body
homeostasis. (2) The sympathetic division has its ganglia close to
the CN5 and controls the body's responsas during emergencies and
excitement. ANS components located in the wall of the digastive
tract are sometimes raferred to as the enteric nervous systam.

* Nerves
e Ganglia (singular, ganglion)

* Motor and sensory components
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NERVE TISSUE

MNeural groove

@ Maural folds and neural groowe form
from the neural plata.

Maural groove

@ Maural folds elovale and approach one
another.

5tages in the process of neurulation, by which calls of the CNS
and PNS are produced, are shiown in dizgrammatic cross sections
of a 3- and 4-week human embryo with the extraembryonic mem-
branes removed. Under an inductive influence from the medial
notochord, the overlying layer of ectodarmal cells thickens as a
bending neural plate, with a madial neural groove and lateral
neural folds (1). All other ectodarm will bacome epidermis. The
plate bends further, making the neural folds and groove more
prominent (2). The naural folds rise and fuse at the midlinea (3],

Meural groove

@ As neural folds prepare to fuse and form
the neural tube and dorsal epidermis,
naural crest cells loocsen and becoms

messnchymal.

Meuwral tube

@Tl‘lﬂmﬂ:ﬂ-ﬂﬂfmrﬂ]ﬂ'&ﬂlm|hi‘iﬁﬂl}r
liea atop the newly formed neural tubs.

converting the groove into the neural tube (4), which is large at
the cranial end of the embryo and much narrower caudally. The
naural tube will give rise to the entire CNS.

As the neural tube detaches from the now owerlying ectoderm,
many cells separate from it and produce a mass of mesenchymal
cells called the meural crest. Located initially abowve the neural
tube, neural crast calls immediately bagin migrating laterally. Call
derived from the neural crast will form all components of the PHS
and also contribute to certain non-neural tissues.



NERVE TISSUE

CELLS OF NERVE TISSUE

* Neurons
* Functional units of the nervous system; receive, process, store, and transmit information to and from other
neurons, muscle cells, or glands
 Composed of a cell body, dendrites, axon and synapses
* Form complex and highly integrated circuits

* Supportive (glial) cells
* Provide metabolic and structural support for neurons, insulate neurons via a myelin sheath, maintain homeostasis,
and perform phagocytic functions

 Comprised of:
* Astrocytes
* Oligodendrocytes
* Microglia
* ependymal cells in the CNS
e Schwann cells in the PNS



STRUCTURE OF A "TYPICAL" NEURON
Cell body (soma, perikaryon)

* Nucleus

* Large, spherical, usually centrally

located in the soma
e Highly euchromatic with a large,
prominent nucleolus

* Cytoplasm
* Well-developed cytoskeleton
* Intermediate filaments
(neurofilaments)
* Microtubules
* Abundant rough endoplasmic
reticulum and polysomes (Niss/
substance)
* Well-developed Golgi apparatus
 Numerous mitochondria

NERVE TISSUE
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NERVE TISSUE
STRUCTURE OF A "TYPICAL" NEURON

Dendrite(s)

e Usually multiple and highly branched at acute angles

* May possess spines small membranous elevations which form
excitatory synapses

e Collectively, form the majority of the receptive field of a neuron;
conduct impulses toward the cell body

e Cytoplasmic components
* Microtubules and neurofilaments
* Rough endoplasmic reticulum and polysomes
* Smooth endoplasmic reticulum

* Mitochondria The large Purkinje neuron in this silver-impregnated saction of
cerebellum has many dendrites (D) emerging from its cell body
(CB) and forming branches. The small dendritic branches each
have many tiny projecting dendritic spines (D5) spaced closely
along their length, each of which is a site of a synapse with
another neuron. Dendritic spines are highly dynamic, the num-
ber of synapses changing constantly. (X650; Silver stain)



NERVE TISSUE

STRUCTURE OF A "TYPICAL" NEURON

Axon

e Usually only one per neuron
* Generally, of smaller caliber and longer than dendrites
* Branches at right angles, fewer branches than dendrites
e Cytoplasmic components
* Microtubules and neurofilaments
e Lacks rough endoplasmic reticulum and polysomes
* Smooth endoplasmic reticulum
 Mitochondria
* Axon hillock. Region of the cell body where axon originates
* Devoid of rough endoplasmic reticulum and so stains pale
e Continuous with initial segment of the axon that is a highly electrically
excitable zone for initiation of nervous impulse
e Usually, ensheathed by supporting cells
e Transmits impulses away from the cell body to
* Neurons
e Effector structures such as muscle and glands
* Branches extensively near its target, each branch ends in a swelling, the terminal
bouton, which is the presynaptic element of a synapse
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NERVE TISSUE

TYPES OF NEURONS BY SHAPE AND FUNCTION Dendmes__
* Multipolar neuron. Most numerous and structurally diverse type , 'L %De”d”‘es
e Efferent. Motor, carrying impulses out of the CNS or L R’ IJ.‘
innervating smooth muscle from autonomic ganglia . = Ci" pod
* Integrative function, axons remain in the CNS o
* Found throughout the CNS and in autonomic ganglia in the
PNS
a Multipolar neurons
* (Pseudo)unipolar neuron Dehdios Cell body —< 38
» Afferent. Sensory function, carrying impulses from peripheral — pmcess\\’f
receptors into the CNS e A
* Found in selected areas of the CNS and in sensory ganglia of Peripheral process .

cranial nerves and spinal nerves (dorsal root ganglia)

1
Axon

¢ Unipolar neuron

* Bipolar neuron [—> input_—> Output
» Afferent. Sensory function
* Found associated with organs of special sense (retina of the I oo |b°dy
eye, olfactory epithelium, vestibular and cochlear ganglia of LS
the inner ear) .
* Developmental stage for all neurons

b Bipolar neuron



it intemeurons Purkinie
cell cell

FIGURE 12.2 A Diagram illustrating different types of neurons. The cell bodies of pseudounipolar (unipoiar), bipolar, and postsynaptic
autonomic neurons are located cutside the CMS. Purkinje and pyramadal cells are restricted to the CHS; many of them have elzborate dendritic arboriza-
tions that facilitate their identification. Central axonal branch and all axons in remaining cells are indicated in green.




FIG. 7.4 Neurones and methods of study with light microscopy (caption and illustrations (g) and (i) opposite)
{a, b) H&E [HP) ic) Luxol fast blue, HAE (HP) [d) Gold method (HP) (o) Goldftoluidine blue (HP) {f) Immunohistochemistry
for neurofilament protein (HP) (g) Spread preparation, gold method (MP) (h) Golgi-Cox (HP)

FIG. 7.4 Neurones and methods of study with light microscopy (ifustrations (a—f) opposite)
{a, b) H&E [(HP) {c) Luxol fast blue, HEE (HP) [d) Gold mathed (HP) (¢} Gold/toluidine blue (HP) {f) Immunohistochamistry
for neurcfilament protein (HP) (g) Spread preparation, gold method (MP) (h) Golgi-Cox (HF)



NERVE TISSUE

ARRANGEMENT OF NEURONAL CELL BODIES AND THEIR PROCESSES

In both CNS and PNS, cell bodies are found in clusters or layers and axons travel in bundles.
These groupings are based on common functions and/or common connections.

Group of cell Bundle of
bodies processes
Central nervous Nucleus or cortex Tract
system (gray matter) (white matter)
Peripheral nervous Ganglion Nerve
system




NERVE TISSUE

THE REFLEX ARC

The reflex arc is the simplest neuronal circuit.
These circuits provide rapid, stereotyped reactions to help maintain homeostasis.

To begin the reflex, a pseudounipolar, sensory neuron is activated by a receptor.

The axon carries an afferent signal from the skin into the spinal cord where it synapses on a multipolar association neuron or
interneuron.

The interneuron signals a multipolar, motor neuron whose axon then carries an efferent signal to skeletal muscle to initiate
contraction.

' Receptor
1 Skin

Association
neuron

Motor end plate

Mlﬂl Skeletal

muscle

alebdd | | .

Sensory
(afferent) neuron

Motor
(efferent) neuron

Spinal cord Ventral root



NERVE TISSUE

Axosomatic synapse

SYNAPSE 1
* The function of the synapse is to alter the membrane g
potential of the postsynaptic target cell to either facilitate wh
or inhibit the likelihood of the stimulus to be propagated -ar
by the postsynaptic cell. Most neurons receive thousands Colbaty

of synaptic contacts, both stimulatory and inhibitory, and
the algebraic sum of these inputs determines whether the
postsynaptic cell will depolarize.

* Classified according to postsynaptic target:
e Axodendritic. Most common
* Axosomatic
e Axoaxonic. Occur mostly at presynaptic terminals
 Neuromuscular junction

Axodendritic synapse Axoaxonic synapse
—— Axons
—— Axon
Dendrite - i, &
2P a 2"
g \ ©
% V%
7N >
Dendritic spine a o
- _—
Dendrites
— Axodendritic synapse
Axosomatic
synapse
|
— Cell body
J—Axon hillock Axon
&

Axoaxonic synapse

2 /

[ =
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NERVE TISSUE

cell body of
postsynaptic cell —, [ axon terminals

SYNAPSE

e Structure of the synapse
* Presynaptic component
* Distal end of the axon branches, each branch
terminating in a swelling or button called the
terminal bouton.

* Boutons with neurotransmitter-containing ' (G AN S
synaptic vesicles and numerous " sior i
b % g .
mitochondria. HO 2 {priiyéwépt|c

* Synaptic gap/cleft. Separation (20-30 nm) between
pre- and postsynaptic cells.
* Postsynaptic component
* Formed by the membrane of the postsynaptic
neuron or muscle cell and contains receptors
for neurotransmitters
* Membrane shows a postsynaptic density or
thickening on its cyto-plasmic side.
* "Bouton-like" swellings along the length of an sy ny
axon, allow a single axon to contact many distant vesicles PR
cells. Common in smooth muscle innervation.

presynaptic SO
membrane



Nerve impulse

Axon of presynaptic neuron —

Calcium
(Ca?+) ions
Voltage-regulated
calcium (Ca?+)
channel

Synaptic
cleft

Acetylcholine
causing ion gates
to open

a

to receptor protein,

Mitochondria

Microtubules
. of cytoskeleton

_ Synaptic vesicles
containing
acetylcholine (ACh)

éudium membrane
(Na*) ions Receptor protein
Postsynaptic neuron

(a) Diagram showing a synapse releasing neurotransmitters

by exocytosis from the terminal bouton. Presynaptic terminals
always contain a large number of synaptic vesicles containing
neuratransmitters, numerous mitechondria, and smooth ER as a
source of new mambrane. Somea neurotransmitters are synthasized
in the cell body and then transported in vesicles to the presynaptic
terminal. Upon arrival of a nerve impulse, voltage-regulated Ca®*
channels parmit Ca** entry, which triggers neurotransmitter relaasa
into the synaptic cleft. Excess membrane accumulating at the
prasynaptic region as a result of axocytosis is recycled by clathrin-
mediated endocytosis, which is not depicted hera.

(i) Tha TEM shows a large presynaptic terminal (T, ) filled with
synaptic vasicles and asymmetric electron-densa regions around
20- to 30-nm-~wide synaptic clefts (arrows). The postsynaptic mem-
brane contains the neurotransmitter receptors and mechanisms to
initiate an impulsa at the postsynaptic neurcn. The postsynaptic
membrane on the right is part of a dendrite (D), assodated with
fewer vesicles of any kind, showing this to be an axodendritic sym-
apse. On the left is another presynaptic terminal (T}, suggesting an
axoaxonic synapse with a role in medulating activity of the other
tarminal. (X35,000)
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SUPPORTIVE (GLIAL) CELLS

NERVE TISSUE

 10x more abundant than neurons

e Support and protect neurons
e Supporting cells of the CNS

* Astrocytes

* Oligodendrocytes
* Ependymal cells

* Microglial cells

e Supporting cells of the PNS

e Schwann cells
e Satelite cells

TABLE9-2 | Origin, location, and principal functions of neuroglial cells.

Glial Cell Type

Oligodendrocyte
Astrocyte

Ependymal cell

Microglia
Schwann cell
Satellite cells (of ganglia)

Origin
Neural tube
Neural tube

Neural tube

Bone marrow (monocytes)
Neural crest
Neural crest

CNS
CNS

Line ventricles and central
canal of CNS

CNS
Peripheral nerves
Peripheral ganglia

Main Functions

Myelin production, electrical insulation

Structural and metabolic support of
neurons, especially at synapses; repair
processes

Aid production and movement of CSF

Defense and immune-related activities
Myelin production, electrical insulation

Structural and metabolic support for
neuronal cell bodies



FIGURE 9-14 White versus gray matter.

w f-ﬂﬂn r-.

A cross section of H&E-stained spinal cord
shows the transition between white matter
{left region) and gray matter (right). The gray
matter has many glial cells (G), nauronal call
bodies (N), and neuropil; white matter also
contains glia (G) but consists mainly of axons
(A) whose myelin sheaths were lost during
preparation, leaving the round empty spaces
shown. Each such space surrounds a dark-
stained spot that is a small section of the
axon. (X400)

White matter — axons, glial cells
Grey matter — glial cells, neuronal cell bodies, neuropil



FIGURE 9-8 Neurons, neuropil, and the common glial cells of the CNS.
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{a) Most neuronal cell bodies (M) in the CNS are larger than the
miuch more numerous glial calls (G) that surround them. The vari-
ous types of glial cells and their relationships with neurons are
difficult to distinguish by most routing light microscopic methods.
However, oligodendrocytas have condensed, rounded nuclei and
unstained cytoplasm due to very abundant Golgi complexeas,
which stain poorly and are very likely representad by the cells with

those properties seen here. The other glial cells seen here similar in
overall size, but with very little cytoplasm and more elongatad or
oval nuclei, are mostly astrocytes. Routine H&E staining does not
allow nauropil to stand out wall. (X200; HE&E)

i b} With the uss of gold staining for neurcfibrils, neuropil (Np) is
more apparent. (X200: Gold chloride and hematoxyling

Neuropil — dense network of astrocyte processes, axons and dendrites in gray matter.



FIGURE 9-9 Glial cells of the CNS and PNS.

Functions of Oligodendrocyte

1. Myelinates and insulates CNS axons cell
2. Allows faster action potential propagation along axons in the CNS

Functions of Astrocyte

1. Halps form the blood-brain barrier
2. Regulates interstitial fluid

COMmposition

3. Prowides structural support and

organization fo the central
nervous systemn (CHS)

4. Aszists with neuronal development
&. Replicates o occupy space of

dying neurcns

Functions of Ependymal Cell

1. Limes ventricles of brain and cenfral

canal of spinal cord

2. Assists in production and circulation

of cerebrospinal fluid (CSF)

Functions of Microglial Cell

1. Phagocytic cells that mowve through

the CNS

2. Protacts the CNS by engulfing

infectious agents and other
potential harmiul substances



Functions of Satellite Cell

1. Electrically insulates PNS
cell bodies.

2. Reguilates nutrient and
waste exchange for cell
bodies in ganglia

Functions of Neurolemmocyte

1. Surround and insulate PNS
axons and myelinate those
having large diametsrs

2. Allows for faster action
potential propagation along
an axon in the PNS




NERVE TISSUE

SUPPORTIVE CELLS
e Supporting cells of the CNS
* Astrocytes

e Stellate morphology

* Types:
* Fibrous astrocytes in white matter
* Protoplasmic astrocytes in gray matter

* Functions:
* Physical support

* Transport nutrients |
* Maintain ionic homeostasis
* Take up neurotransmitters fyein U
S
o
e F lial liosi >
orm glial scars (g110SIS r N
A o
‘ =y <

N
FIGURE 12.17 A Protoplasmic astrocyte in the gray matter of the braln. a. This schematic drawing shows the foot processes of the proto- TN 3{
plasmic astrocyte terminating on a biood vessel and the axonal process of a nerve cell The foot processes terminating on the biood vessel contribute to the =l ) I'\.
biood-brain barrier. The bare regions of the vessal as shown in the drawing woulkd be covered by processes of neighboring astrocytes, thus forming the overall }\%
barrier. b This laser-scanning confocal image of protoplasmic astrocyte in the gray matter of the dentate gyrus was visualized by intraceliular labeling method. i DEI';Q::.II’E!

n Bghtly fixed tissue slices, selected astroCytes were impaled and iontophoretically injected with fluorescent dye (Alexa Flucr 568) using pulses of negative blood vessel a

current. Note the density and spatial distribution of call processes. X480, (Reprinted with permission from Bushong EA, Martone ME, Elisman MH. Examination

1
a : X N
i T M P ;
FIGURE 12.18 A Fibrous astrocytes in the white matter of the brain. a. Schematic drawing of a fibrous astrocyte in the white mater of
the brain. b. Photomicrograph of the white matter of the brain, showing the extensiva radiating cytoplasmic processes fior which astrocytes are named.
They are best visualized, as shown here, with immunostaining methods that use antibodies against GRAP 220, (Reprinted with parmission from
Fuller GN, Burger PC. Central nervous system. In: Sternberg 55, ed. Histology for Pathologists. Philadelphia: Lippincott-Raven, 1997)

perivascular
fiest

of the relationship between astrocyte morphology and laminar boundaries in the molecular layer of adult dentate gyrus. J Comp Neurol 2003:462-241-251)



FIGURE9-10 Astrocytes.

ST

(a) Astrocytes are the most abundant glial cells of the CNS and are
characterized by numerous Cytoplasmic processas (P) radiating
from the glial cell body or soma (5). Astrocytic processas are not
sean with routine light microscope staining but are easily seen
after gold staining. Morphology of the processes allows astrocytes
to be dassified as fibrous (relatively few and straight processas) or
protoplasmic (numerous branching processes), but functional dif-
ferences between these types are not dlear. (X500; Gold chloride)

(b) All astrocytic processes contain intermediate filaments of GFAP,
and antibodies against this protein provide a simple method to
stain these cells, as sean here in a fibrous astrocyte (A) and its

processas, The small pieces of other GFAP-positive processas in the
neurcpil around this cell give an idea of the density of this glial call
and Its processes in the CNS. Astrocytes form part of the blood-
brain barrier (BEE) and help regulate entry of molecules and ions
from blood into CNS tissue. Capillaries at the extreme upper right
and lower left corners are enclosed by GRAP-positive parivascular
feat (PF) at the ends of numerous astrocytic processes. (X500; Anti-
GFAP immunoperoxidase and hematoxylin counterstain)

(<) A length of capillary (C) is shown here complately covered by
silver-stained terminal processas extending from astrocytes (A).
(X400; Rio Hortega silver)
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SUPPORTIVE CELLS x{(v
* Supporting cells of the CNS S /é: S oligodendrocyte
* Oligodendrocytes 5 X \

* Present in white and gray matter

* Oligodendrocytes located in the
white matter of the CNS produce the
myelin sheath.

* They can myelinate multiple axons

v
¥ ' node of Ranvier
(showing axon
in contact with

extracellular space)

e
- % -
.5 -
- L
= 5 q
0
b

FIGURE 12.20 A Three-dimensional view of an oligoden-
drocyte as it relates to several axons. Cytoplasmic processes from the
oligodendrocyte cell body form flattened cytoplasmic sheaths that wrap
around each of the axons. The relationship of cytoplasm and myelin is
essentially the same as that of Schwann cells.



SUPPORTIVE CELLS

Supporting cells of the CNS

Ependymal cells

Line central canal of
spinal cord and
ventricles of brain
Cuboidal to columnar,
with cilia and
microvilli

NERVE TISSUE

FIGURE 12.22 A Ependymal lining of the spinal canal. a. Photomicrograph of the central region of the spinal cord stained with toluidine
blue. The arrow points to the central canal. X% 20. b. At higher magnification, ependymal cells, which line the central canal, can be seen to consist of a
single layer of columnar cells. X 340. (Courtesy of Dr. George D. Pappas.) €. Transmission electron micrograph showing a portion of the apical region of
two columnar ependymal cells. They are joined by a junctional complex (JCO) that separates the lumen of the canal from the lateral intercellular space.
The apical surface of the ependymal cells has both cilia (C) and microwilli (M). Basal bodies (B8) and a Golgi apparatus (G) within the apical cytoplasm
are also visible. X 20,000. (Courtesy of Dr. Paul Reier)



FIGURE9-11 Ependymal cells.

Ependymal cells are epithelial-like cells that form a single layer
lining the fluid-filled ventricles and central canal of the CNS.

(a) Lining the ventricles of the cerebrum, columnar ependymal
cells (E) extend cilia and microvilli from the apical surfaces into
the ventricle (V). These modifications help circulate the CSF and
monitor its contents. Ependymal cells have junctional complexes
at their apical ends like those of epithelial cells but lack a basal
lamina. The cells’ basal ends are tapered, extending processes
that branch and penetrate some distance into the adjacent neu-
ropil (N). Other areas of ependyma are responsible for produc-
tion of CSF. (X100; H&E)

(b) Ependymal cells (E) lining the central canal (C) of the spinal
cord help move CSF in that CNS region. (X200; H&E)



SUPPORTIVE CELLS

e Supporting cells of the CNS

* Microglia

* Small cells with short irregular
precesses, elongated nuclei

e Originate from monocytes and
have similar phagocytic function

* Provide immune surveillance and
produce immunomodulatory
compounds

NERVE TISSUE
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FIGURE 12.21 A Microglial cell in the gray matter of the brain. a. This diagram shows the shape and characteristics of 2 microglial cel

Note the elongated nucleus and relatively few processes emanating from the body. b. Photomicrograph of microglial cells (arrows) showing their char-
acteristic elongated nuclei. The specimen was obtained from an individual with diffuse microgliosis. In this condition, the microglial cells are present in
arge numbers and are readily visible in a routine H&E preparation. X420. (Reprinted with permission from Fuller GN, Burger PC. Central nervous system
n: Sternberg S5, ed. Histology for Pathologists. Philadelphia: Lippincott-Raven, 1997.)



FIGURE9-12 Microglial cells.

Microglia are monocyte-derived, antigen-presenting cells of the
CNS, less numerous than astrocytes but nearly as common as
neurons and evenly distributed in both gray and white matter.
By immunohistochemistry, here using a monoclonal antibody
against human leukocyte antigens (HLA) of immune-related
cells, the short branching processes of microglia can be seen.
Routine staining demonstrates only the small dark nuclei of the
cells. Unlike other glia of the CNS, microglia are not intercon-
nected; they are motile cells, constantly used in immune surveil-
lance of CNS tissues. When activated by products of cell damage
or by invading microorganisms, the cells retract their processes,
begin phagocytosing the damage- or danger-related material,
and behave as antigen-presenting cells. (XS00; Antibody against
HLA-DR and peroxidase)

(Used with permission from Wolfgang Streit, Department
of Neuroscience, University of Florida College of Medicine,
Gainesville.)
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Main components of the peripheral nervous system

* Nerves.
* Bundle of nerve fibres (axons) surrounded
by glial cells (Schwann cells) and connective
tissue

* Ganglia.
* Collections of neuron cell bodies

e Specialized nerve endings

blood vessels

epineurium

perineurium
endoneurium

node of Ranvier

Schwann cell

dorsal root "
SPINAL CORD / dorsal root T

ganglion

(@
) )
/l' nucleus of \1
Schwann cell

Pacinian

corpuscle

cell body of

motor neuron cell body of
sympathetic neuron

smooth muscle and
striated enteroceptors of ANS

muscle

FIGURE 12.3 A Schematic diagram showing arrangement of motor and sensory neurons. The cell body of 2 motor neuron is
located in the ventral (anterior) horn of the gray matter of the spinal cord. Its axon, surrounded by myelin, leaves the spinal cord via a ventral
(anterior) root and becomes part of a spinal nerve that carries it to its destination on striated (skeletal) muscle fibers. The sensory neuron
originates in the skin within a receptor (here, a Pacinian corpuscle) and continues as a component of a spinal nerve, entering the spinal cord
via the dorsal (posterior) root. Note the location of its cell body in the dorsal root ganglion (sensory ganglion). A segment of the spinal nerve
is enlarged to show the relationship of the nerve fibers to the surrounding connective tissue (endoneurium, perineurium, and epineurium).
In addition, segments of the sensory, motor, and autcnomic unmyelinated neurons have been enlarged to show the relationship of the axons
to the Schwann cells. ANS, autonomic nervous system.



SUPPORTIVE CELLS

Supporting cells of the PNS

Satellite cells

surround cell bodies in
ganglia

NERVE TISSUE

oo o v s (Y « S , 4
FIGURE 12.16 A Photomicrograph of a nerve ganglion. a. Photomicrograph showing a ganglion stained by the Mallory-Azan method.
Motz the large nerve cell bodias (@rows) and nerve fibers (NF) in the ganglion. Satellite cells are representad by the very small nuclel at the periphery
of the neuronal cell bodies. The ganglion is surrounded by a dense irregular connective tissue capsule (CT) that is comparable to, and continuows with,

the epineurium of the nerve. X 200, b. Higher magnification of the ganalion, showing individual axons and a few neuronal call bodies with their satellite
cells tarmows). The nuckei in the region of the axons are mostly Schwann cell nuclei. 640,



FIGURE 9-13 satellite cells around neurons of
ganglia in the PN5.

Satellite cells are very closely associated with neuronal cell bod-
ies in sensory and autonomic ganglia of the PNS and support
these cells in various ways.

(a) Nuclei of the many satellite cells (5) surrounding the peri-
karya of neurons (N) in an autonomic ganglion can be seen by
light microscopy, but their cytoplasmic extensions are too thin
to see with HEE staining. These long-lived neurons commonly
accumulate brown lipofuscin (L). (X560; HEE)

(b) Immunofluorescent staining of satellite calls (S) reveals the
cytoplasmic sheets extending from these cells and surrounding
the neuronal cell bodies (N). The layer of satellite cells around
each soma is continuous with the myelin sheath around the
axon. Like the effect of Schwann cells on axons, satellite glial
cells insulate, nourish, and regulate the microenvironment of the
neuronal cell bodies. (X600; Rhodamine red-labeled antibody
against glutamine synthetase)

(Used with permission from Menachem Hanani, Laboratory of
Experimental Surgery, Hadassah University Hospital Jerusalem,
Israel)
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Supporting cells of the PNS

Schwann cells
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Surround unmyelinated axons.
Numerous axons indent the
Schwann cell cytoplasm and,
therefore, are surrounded by a
single plasma membrane.

Inner leaflet

Produce the myelin sheath around
axons

Schwann cell
cytoplasm

\Schwann cell
basal lamina



FIG. 7.5 Non-myelinated nerve fibres
(a) Diagram (b) EM x15 000 (c) EM =36 000

The relationship of non-myelinated axons with their supporting
Schwann cell is illustrated in diagram (a). One or more axons
become longitudinally invaginated into the Schwann cell so
that each axon is embedded in a channel, invested by the
Schwann cell plasma membrane and cytoplasm. The Schwann
cell plasma membrane becomes apposed to itself along the
opening of the channel, thus effectively sealing the axon within
an extracellular compartment bounded by the Schwann cell
The zone of appaosition of the Schwann cell membrane is called
the mesaxon. Mote that more than ane axon may ocoupy a
single channel within the Schwann cell. Each Schwann cell
extends for only a short distance along the nerve tract, and at
its termination the ensheathment is continued by another
Schwann cell with which it interdigitates closely end to end.

At low magnification in micrograph (b), nor-myelinated
axons A of various sizes are seen ensheathed by Schwann cells
5; one of the Schwanmn cells has been sectioned transversely
through its nuclens N. Note the variable number of axons
enclosed by each Schwann cell. Delicate cytoplasmic extensions
of fibroblasts F can be seen in the endoneurium.

At high magnification in micrograph (c), part of the
cytoplasm of a Schwann cell § is shown ensheathing several
axons A; axons are readily identified by their content of smooth
endoplasmic reticulum and microtubules, seen in cross-section.
Several mesaxons M can be seen. The external surface of the
Schwann cell is bounded by an external lamina L, equivalent to
lamina densa in epithelia.

FIG. 7.6 Myelinated nerve
tﬂlmawunmmmu:o{c}mmm

In peripheral nerves, myelination begins with the invagination
of a single nerve axon into a Schwann cell; a mesaxon is then
formed. As myelination proceeds, the mesaxon rotates around
the axon Lhere)bg enveloping the axon in concentric layers of
Schwann cell cytoplasm and membrane. The cyloplasm
is then exduded so that the inner leaflets of plasma membrane
fuse with each other and the axon becomes surrounded by
multiple layers of membrane which togﬂher constitute the

elin sheath. The single ent of m mduoed by each

wann cell is term ans;ﬁ:‘madr t[u?emge Y
between one node of Ranvier and the next (see Fig. 7 ")

In micrograph (b), a myelinated nerve fibre from the PNS is
sectioned transversely at the level of the nucleus of an
ensheathing Schwann cell N. The single axon A is enveloped by
many layers of fused Schwann cell p membrane forming

the myelin sheath My.

Micrograph (c) shows that the compact myelin sheath
consists of many regular layers of membrane. The darker lines,
termed the major dense lines, arise by fusion of cytoplasmic
leaflets. The intervening intraperiod lines represent c lI:::'u';fely
apposed external membrane leaflets. The substantial lipid
content of these modified membrane layers insulate the
underlying axon A, preventing ion fluxes across the axonal
plasma membrane except at the nodes of Ranvier. The main
bulk of the Schwann cell cytoplasm C encircles the myelin
sheath. However, a thin layer of Schwann cell cytoplasm also
persists immediately surrounding the axon Ci.

In the CNS, oli rocytes are responsible for
myelination; a single oligodendrocyte, however, forms multiple
myelin intemodes whu:h contribute to the ensheathment of as
many as 50 individual axons (see Fig. 20.3).
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Unmyelinated axons

FIGURE 9-25 Unmyelinated nerves.

Unmyelinated axons - b

(1) schwann call starts
o anvalop multiple \

AX0Ms.

@ The unmyelinated axons
are anveloped by the
Schwann cell, but thare ara
no myelin shaath wraps
amound each axon.

Dwring development, portions of several small-diameter axons
are engulfed by one Schwann cell. Subsaquently thea axons are
separated and each typically becomes enclosed within its own
fold of Schwann cell surface. Mo myelin is formed by wrapping.
Small-diameater axons utilize action potentials whose formation
and maintenance do not depend on the insulaticn provided by

the myelin sheath required by large-diameter axons.
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Myelinated axons

FIGURE 9-21 Mpyelination of large-diameter PNS axons.

@ schwann cell becomes |

@ The growing process f:

aligned along the axon _ §
and extends a wide
cytoplasmic process
to encircle it.

@ The spiral wrappings |
become compacted 1
layers of cell

membrane (myaelin) Cytoplasm of the

as cytoplasm leaves Schwann cell
the growing process. Compacting
myelin layers

A Schwann cell (neurolemmeocyte) engulfs one portion along the
length of a large-diameter axon. The Schwann cell membrane
fuses around the axon and one thin extension of the Schwann cell
elongates greatly and wraps itself repeatedly around the axon to
form multiple, compacted layers. The Schwann cell membrane

completely encloses the
axon but continues its
spiral extension.

Mesaxon

@Tho mature Schwann
cell myelin sheath has
up to 100 lamellae,
with most cytoplasm
in the outermost layer

with the cell body. Myelin sheath

wrappings constitute the myelin sheath, with the Schwann cell

body always on its outer surface. The myelin layers are very rich
in lipid, and provide insulation and facilitate formation of action
potentials along the axolemma.
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MYELIN SHEATH

* The myelin sheath is formed by the plasma membrane of supporting 222,
cells wrapping around the axon. The sheath consists of multilamellar, ~*°
lipid-rich segments produced by Schwann cells in the PNS and
oligodendrocytes in the CNS.

* Functions:

* Increases speed of conduction (saltatory conduction)
* Insulates the axon

 Similar structure in CNS and PNS with some differences in protein N
composition

 Organization: \

* Internode. Single myelin segment 5 _ . , _
* Paranode. Ends of each internode where they attach to the . o SR M T SO P Sy

FIGURE 12.12 A Electron micrograph of a mature myelinated axon. The myelin sheath (M) shown here consists of 19 paired layers of
a XO n Schwann cell membrane. The pairing ,Of membranes in each layer is causgd by the extrus ion of the Schwann cell cytoplasm. The axon displays an abun-
dance of neurofilaments, most of which have been cross-sectioned, giving the axon a stippled appearance. Also evident in the axon are microtubules
(MT) and several mitochondria (Mit). The outer collar of Schwann cell cytoplasm (OCS) is relatively abundant compared with the inner collar of Schwann

[ ] Node Of RGnVieI’. SpeC|a“zed reglon Of the axon between myelin cell cytoplasm (ICS). The collagen fibrils (C) constitute the fibrillar component of the endoneurium. BL, basal (external) lamina. %70,000. Inset. Higher

magnification of the myelin. The arrow points to cytoplasm within the myelin that would contribute to the appearance of the Schmidt-Lanterman

cleft as seen in the light microscope. It appears as an isolated region here because of the thinness of the section. The intercellular space between axon

i i i and Schwann cell is indicated by the arowhead. A coated vesicle (CV) in an early stage of formation appears in the outer collar of the Schwann cel
internodes where depolarization occurs

cytoplasm. X 130,000. (Courtesy of Dr. George D. Pappas)

* Inthe PNS, each Schwann cell associates with only one axon and
forms a single internode of myelin.

* Inthe CNS, each oligodendrocyte associates with many axons (i.e.,
each oligodendrocyte forms multiple internodes on different axons).
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FIGURE 12.13 A Diagram
of the node of Ranvier and asso-
ciated Schwann cells. This diagram
shows a longitudinal section of the
axon and its relationships to the my-
elin, cytoplasm of the Schwann cell,
and node of Ramwvier. Schwann call
cytoplasm is present at four locations:
the inner and the outer cytoplasmic
coliar of the Schwann cell, the nodes
of Ranvier, and the Schmidt-Lanter-
man clefts. Note that the cytoplasm
throughout the Schwann cell is
continuous (sae Fig. 12.14); it is not a
saries of oytoplasmic iskands as it ap-
pears on the longitudinal section of
the myelin sheath. The node of Ran-
vier is the site at which successive
Schwann cells meet. The adjacent
plasma membranes of the SChwann
calls are not tightly apposed at the
node, and extraceliular fluid has free
access to the neuronzl plasma mam-
brane. Also, the node of Ranvier is the
site of depolarization of the neuronal
plasma membrane during nernve
impulse transmission and contans
dusters of high-density, wvoltage-
gated Na™ channels.



FIGURE 9-23 Myelin maintenance and nodes of

The middle diagram shows schematically a myelinated periph-
eral nerva fiber as seen under the light microscope. The axon

is enveloped by the myelin sheath, which, in addition to mem-
brane, contains some Schwann cell cytoplasm in spacas called
Schmidt-Lanterman or myelin clefts between the major dense
lines of membranes.

The upper diagram shows one set of such clefts ultrastructur-
ally. The clefts contain Schwann call cytoplasm that was not dis-
placed to the cell body during myelin formation. This cytoplasm
maoveas slowly along the myelin sheath, opening temporary
spaces (the clefts) that allow renewal of some membrane com-
ponents as needed for maintenance of the sheath.

The lower diagram depicts the ultrastructure of a single
node of Ranvier or nodal gap. Interdigitating processes extend-
ing from the outer layers of the Schwann cells (5C) partly cover
and contact the axolemma at the nodal gap. This contact acts
as a partial barrier to the movement of materials in and out of
the periaxonal space betwaen the axolemma and the Schwann
sheath. The basal or external lamina around Schwann cells is
continuous over the nodal gap. The axolemma at nodal gaps has
abundant voltage-gated Na* channels important for impulsa
conductance in thesa axons.



FIG. 7.7 Nodes of Ranvier and Schmidt-Lanterman incisures (caption and illustration (s) opposite)
{a) Teased preparation, Sudan black {(MP) (b) H&E (MP) (c) Schematic diagram (d} EM =42 000 (&) EM 14 000

inner collar of
Schwann cell

cytoplasm

perinodal = |

cytoplasm of
Schwann cell

outer collar of
Schwann cell

cytoplasm

nucleus of
Schwann cell

FIGURE 12.14 A Three-dimensional diagrams conceptual-
izing the relationship of myelin and cytoplasm of a Schwann cell.
This diagram shows a hypothetically uncoiled Schwann cell. Note how
the inner collar of the Schwann cell cytoplasm is continuous with the
outer collar of Schwann cell cytoplasm via Schmidt-Lanterman clefts.
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CONNECTIVE TISSUE INVESTMENTS OF NERVOUS TISSUE
* Central nervous system (meninges)

* Pia mater
* Thin membrane lying directly on the surface of the brain and spinal cord
* Accompanies larger blood vessels into the brain and spinal cord
* Arachnoid membrane
e Separated from pia mater by connective tissue trabeculae
* Encloses the subarachnoid space, which contains blood vessels and the cerebrospinal fluid (CSF)
produced by the cells of the choroid plexus
* Together with pia mater, constitute the leptomeninges; inflam-mation of these membranes produces
meningitis
* Dura mater
e Qutermost of the meninges
e Dense connective tissue that includes the periosteum of the skull
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CONNECTIVE TISSUE INVESTMENTS OF NERVOUS TISSUE
e Peripheral nervous system

* Epineurium. Dense connective tissue surrounding fascicles and the entire nerve

e Perineurium. Dense tissue surrounding groups of axons and their surrounding Schwann cells, forming
fascicles; forms the blood-nerve barrier

e Endoneurium. Delicate connective tissue surrounding Schwann cells; includes the basal lamina secreted by
Schwann cells as well as reticular fibers

— Axon
— Myelin sheath

Endoneurium 2 ;4. Fascicle

Nt ; {a) The diagram shows the relationship among thesa three con-

; nective tissue layers in large peripheral nerves. The epineurium (E)

D CRN N consists of a dense suparficial ragion and a loosar deep region that
7 OO contains the larger blood vessals.

e {b) The micrograph shows a small vein (W) and artery (A} in the
' deepepineurium (E). Nerve fibers (N) are bundled in fascicles. Each
; fascicle is surrcunded by the perineurium {P), consisting of a fow
\ 2R layers of unusual squamous fibroblastic cells that are all joined at
the peripheries by tight junctions. The resulting blood-nerve bar-
A rier helps regulate the microenvironment inside the fascide. Axons
and Schwann cells are in turn surrounded by a thin layver of endo-
MR neurium. (X140; HEE)

Perineurium —

Epineurium —;‘
Blood
vessels

<Al




== " Epineurium Qn

(c) As shown here and in the diagram, septa () of connective tis-
sue often extend from the perineurium into larger fascicles. The
endoneurium (En) and lamellar nature of the perineurium (P) are
also shown at this magnification, along with some adjacent epi-
neurium (E). (X200; PT)

A longitudinally criented nerve shows one
node of Ranvier (N) with the axon visible. Col-
lagen of the sparse andoneurium (En), blue in
this trichrome stain, surrounds the Schwann
cells and a capillary (C). At least one Schwann
cell nucleus (5) is also dearly seen. (X400;
Mallory trichoma)



FIGURE 12.9 A Photomicrographs of a peripheral nerve in cross and longitudinal sections. a. Photomicrograph of an osmium-fixed,
toluidine blue—stained peripheral nerve cut in cross-section. The axons (A) appear clear. The miyelin is represented by the dark ring surrounding the axons.
Note the variation in diameter of the individual axons. In some of the nerves, the myelin appears to consist of two separate rings (asterisks). This is caused by
the section passing through a Schmidt-Lanterman cleft. Epi, epineurium. X640, b. Photomicrograph showing longitudinally sectioned myelinated nerve
axons (A4) in the same preparation as above. A node of Ranvier (NR) is seen near the center of the micrograph. In the same axon, a Schmidt-Lanterman cleft
(5L) is seen on each side of the node. In addition, 2 number of Schmidt-Lanterman clefts can be seen in the adjcent axons. The perinodal cytoplasm of the
Schwann cell at the node of Ranvier and the Schwann cell cytoplasm at the Schmidt-Lanterman cleft appear virtually unstained. X 640.



FIGURE 9-27 Peripheral nerve ultrastructure.
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Thiis low-magnification TEM shows a fibroblast (F) surrounded by
collagen (C) in the epineurium (E) and threea layers of flattened
calls in the perineurium (P} that form another part of the blood-
nerve barrier. Inside the parineurium the endoneurium (En) is
rich in reticulin fibers (RF) that surround all Schwann calls. Muclei
of twio Schwann cells (5C) of myelinated axons (A) are visibla as
wall as many unrmyalinated axons (UM) within 5chwann calls.
(X1200)

Perineurium Fascicle

Endoneurium

Axon

(d) 5EM of transverse sections of a lange peripheral nense showing
several fascices, each surrounded by perineurium and packed with
endoneurium around the individual myelin sheaths. Each fascicle
contains at least one capillary. Endothelial calls of these capillarias
are tightly joined as part of the blood-nerve barrier and regulate
the kinds of plasma substances released to the endoneuwrium.
Larger blood vessals course through the deep epinaurium that fills
the space around the perineurium and fascicles. (X450)

46



FIG. 7.14 Peripheral nerve
{a) H&E (MP} (b} Resin toluidine blua (MP)

The peripheral nerves shown in transverse section in

m hs (a) and (b) each consists of a single fasdcle,
invested by the perineurium P composed of several layers of
flattened cells with elongated nuclei.

In micrograph (a) individual myelin sheaths are just visible
as small circular structures, f of myelin sheath proteins
left after removal of lipid by tissue processing. Most of the
nuclei seen within the fascide are those of Schwann cells which
mark the course of individual axons. Fibroblasts of the

endoneurium are scattered amongst the much more numerous

Schwann cells. It is possible to distinguish a minority of the

FIG. 7.13 Peripheral nerve
H&E (LP)

This mic:zﬂ:h illustrates the typical appearance of a

medium-sized peripheral nerve in transverse section. This

spedmen consists of eight fascicles F, each of which contains
many nerve fibres. Each fascicle is invested by perineurium P
and the nerve as a whole is encased in a loose collagenous
tiszue sheath, the epineurium E, which is condensed at its
outermost aspect. Blood vessels V of various sizes can be seen
in the epineurial connective tissue.

myelinated axons in this paraffin-embedded material
stained with H&E. Around the cutside of the perineurium are
bundles of pink-staining epineurial collagen.

Micrograph (b) is a preparation of nerve embedded in
epoxy resin and stained with toluidine blue. The myelin sheaths
are stained dark blue and can be seen as small circular
structures. Awons run down the centre of each myelin sheath
but are not resolved at hﬁmﬁhﬂn In the centre of the
fascicle are small endoneurial vessels V. The perineurium
P runs around the fascide.



FIG. 7.19 Small peripheral nerves
{a) H&E (HP) (b) H&E [HP)

These micrographs illustrate the appearance of small peripheral
nerves in the tissues. Micrograph (a) shows two small nerves in
the dermis of the skin, each nerve consisting of a single fascicle
of fibres. The nerve at the bottom of the is cut in
longitudinal section; the wavy shape of the Schwann cell nudei
reflects the course of the axons, which are thereby protected
from damage when the skin is stretched. The nerve in the

upper part of the field is cut in oblique section. Note the dense
i collagenous dermal tissue surrounding the nerves in
this imen. Mi h (b) shows a small peri al merve
m&ipfuhmmauf Fla:gebnwel'lhisnuﬂinrﬁﬁlaﬂgzag
course in the tissue and the plane of section has cut it in the
long axis as it folds. This allows the nerve to stretch as the
bowel mowves with peristalsis.



