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Chapter 12
Nervous Tissue

Overview of the nervous
system

Cells of the nervous system
Electrophysiology of neurons
Synapses

Neural integration

Subdivisions of the Nervous System

Central nervous system (CNS)
Brain

Nerves




Subdivisions of Nervous System

Peripheral
nervous
system

; Spinal Sensory | | Motor

L cord division | |division
| [ [ |
Visceral | | Somatic| | Visceral| | Somatic
sensory| | sensory| | motor motor
division | | division | | division | | division
Sympathetic Parasympathetic

division division

Structure of a Neuron

* Cell body = perikaryon= soma
* Vast number of short dendrites

+ Singe axon (nerve fiber) arising from
axon hillock for rapid conduction

Table 12.1 Types of Glial Cells

Types Functions.

Neuroglia of CNS

Oligodendrocytes Form myelin i brain and spinal cord

Astrocytes Cover brain surface and nonsynaptic regions of neurons; form supportive framework in CNS; induce formation of blood-brain
barier; nourish neurons; factor i icate electr

remo * from ECF of cord; help to regulate
composition of ECF; form scar tissue to replace damaged nervous fissue
Ependymal cells Line cavites of brain and spinal cord; secrete and circulate cerebrospinal fluid

Microglia destroy and dead nervous tissue

Neuroglia of PNS
Schwann cells Form neurilemma around all PN nerve fibers and myeli
Satellite cells Surround somas of neurons in the ganglia; function uncertain

d most of them; aid in

Fundamental Types of Neurons

1))Sensory (afferent) neurons
conduct signals from
receptors to the CNS

7
z n(@

*) Interneurons
(association
neurons) are
confined to

+) the CNS

) \
otor (efferent) neurons
conduct signals from the
CNS to effectors such as
muscles and glands
Peripheral nervous
system

Central nervous
system

Variation in Neuronal Structure

* Multipolar neuron

Dendrites T Dendrites )
— most common L e
— many dendrites/one axon  |Multipolar ~ Axon- Axon—
|neurons
* Bipolar neuron
: Dendrite— ite |
— one dendrite/one axon y  Dendrite-g
q Axon-— Axon—!
— olfactory, retina, ear Bipolar
neurons

* Unipolar neuron
q - Dendrites 7/
— sensory from skin & organs |Unipolar

R neuron - A)éO"
to spinal cord
. Ty
* Anaxonic neuron Anaxonic: N perdrites

— many dendrites/no axon
— help in visual processes

Neuroglial Cells of CNS

g 1y

< <7 — Neurons

Myelinated axons
Myelin (cut)

|
Cerebrospinal
fluid
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Myelin Sheath

Myelin sheath

Schwann cell nucleus

Axolemma Axoplasm

* Note: Node of Ranvier between Schwann cells

Myelin Sheath Formation
{iiac=P2g

Axon ’_v/ﬂ Q Y,
Nucleus'('//,i/( 7
o Basal ’g/}

lamina
~

Schwann

/ * Myelination begins

Neurilemma during fetal
" development, but
) / proceeds most rapidly
. " in infancy.
. — Myell
L sheath

Unmyelinated Axons

Schwann cell cytoplasm
Myelin sheath
Neurilemma

Myelinated axon —

Basal —-

lamina

Neurilemma —

Unmyelinated |
axon

3 um

» Schwann cells hold small nerve fibers in grooves
on their surface with only one membrane wrapping

Speed of Nerve Signal

* Speed of signal transmission along nerve fibers
* Speeds
* Functions

Regeneration of Peripheral Nerve Fibers

=2

Degeneratlng
e Schwann cell
A /

4 Degeneratlng axon

Growth processes-l Schwann cells-l
Regeneratlon/E /

Degenerating growth
y e 1) prncessesﬁ

. ‘/‘*" Growth processes—/ .

COS

Regenerated axon-V

BioFlix

How Neurons Work
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Ionic Basis of Resting Membrane Potential
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* Na* concentrated outside of cell (ECF)
» K* concentrated inside cell (ICF)

Chemical Excitation
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Action Potentials
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The Refractory Period
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Impulse Conduction in Unmyelinated Fibers
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Saltatory Conduction in Myelinated Fibers

* Voltage-gated channels needed for APs
— fewer than 25 per um? in myelin-covered regions
— up to 12,000 per um? in nodes of Ranvier

* Fast Na+ diffusion occurs between nodes

Na+ inflow at node
generates action
potential (slow but
nondecremental)

Na+ diffuses along% Excitation of voltage-

inside of axolemma regulated gates will
generate next action

| (fast but decremental)l p ial here

Chemical Synapse Structure

Microtubules
of cytoskeleton

Axon of
presynaptic
neuron =——Mitochondria

Postsynaptic S
ynaptic
neuron vesicles
containing

neurotransmitter
Synaptic cleft

receptor

Neurotransmitter
Postsynaptic neuron release

» Presynaptic neurons have synaptic vesicles with
neurotransmitter and postsynaptic have receptors

Saltatory Conduction of Myelinated Fiber
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* Notice how the action potentlals jump from node
of Ranvier to node of Ranvier.
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Types of Neurotransmitters
Acetylcholine
A

o,

* 100 neurotransmitter types in 4
major categories

1. Acetylcholine

Amino acids
o ©~CHa=CHy~CH M,
GABA

o . —
— formed from acetic acid & choline Glycine
S

2. Amino acid neurotransmitters “aspartic ackd

. Bi i i
3. Monoamines Catecholamines.

— synthesized by replacing -COOH in "?.,Q“' e

N A . 8 Epinephrine

amino acids with another functional w0} Git-cn, -,
H™ Norepinephrine

group oL Yen-onm,
g g g Dopamine

— catecholamines (epi, NE & dopamine) ' indolamines
—  indolamines (serotonin & histamine) | _° W Seretonin
. 1L, - CHa-CH,-NH,

4. Neuropeptides (next) - e

Neuropeptides

& Neuropeptides
mnwa.ym
Enkephalin __ Substance P

. Cholecystokinin

Table 12.3  Neurotransmitters and Neuropepfides

Name. Locations and Actions

"

glands depending on location

Excitatory Amino Acids
invlved i leaming and memory.
Inhibitory Amino Acids
Gyoino pinl cord,
Thalamus, hypothalr el
newrazansittr in the brain
Monoamines (biogenic amines)
Catecholamines
Norepinephrine. erebralcortex, hypothalamus,brainstem, cerebel

4 i
depending onlocation

Eoneptrine Hypothalams, o et
Dopanine Hypothalamus, b system,cerabrlcort

imalved indovationof mood and conrl o skl muscles:
Other Monoamines
Sertonin ypothalams,imbicsytem,cerabetum, et

s et e

Histamino
Neuropeptides
Substanco P Basal ok, midran, ypotalaus, coreral orte, sl st

ransmision
Enkephains Hypothlamus, imbc system, it

wamen i tor
-endorphin Digstve trac, spina o

i n thletes
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Synaptic Transmission

3 kinds of synapses with different modes of action
* Excitatory cholinergic synapse
* Inhibitory GABA-ergic synapse

 Excitatory adrenergic synapse

Synaptic delay (.5 msec)

— time from arrival of nerve signal at synapse to start of
AP in postsynaptic cell

Excitatory Cholinergic Synapse
~— Presynaptic neur
\

oy
Postsyiaptic neuron

Inhibitory GABA-ergic Synapse

Excitatory Adrenergic Synapse

~—Presynaptic neuron
ﬁPostsynaptic neuron

\r‘\ Neurotransmitter
receptor —Adenylate cyclase
Norepinephrine

G protein

[t
g — Ligand -
at
ATP' omed
cAMP =
Postsynaptic
j potznngl'

Mulll Ie
eﬂects

':han%;" Genetic transcription|
|Enzyme |

adlvatlon

Cessation & Modification of the Signal

* Mechanisms to turn off stimulation
» Neuromodulators modify synaptic transmission

Neural Integration

» More synapses a neuron has the greater its
information-processing capability

* Chemical synapses are decision-making
components of the nervous system

* Neural integration is based on types of postsynaptic
potentials produced by neurotransmitters




Postsynaptic Potentials
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Summation of Postsynaptic Potentials

» Net postsynaptic potentials in the trigger zone
— whether neuron fires depends on net input of other cells
— temporal summation
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Presynaptic Inhibition

Signal in presynaptic neuron-
Signal in inhibitory neuron >

Inhibition of presynaptic
neuron

No neurontransmitter
release here

No response in postsynaptic
neuron

+ One presynaptic neuron suppresses another one.

Neural Coding
* Qualitative information (salty or sweet) depends
upon which neurons are fired
T A I
S More rapid
firing frequency

I b

* Qualitative information depend on:
— strong stimuli excite different neurons (recruitment)

— stronger stimuli causes a more rapid firing rate

* CNS judges stimulus strength from firing frequency of
sensory neurons
— 600 action potentials/sec instead of 6 per second

Neuronal Pools and Circuits

* Neuronal pool is 1000’s to millions of interneurons
that share a specific body function
— control rhythm of breathing

| —Presynaptic (input) fiber

NRARNIRURINIEN

9 o 0 4 o 0
0
Facllitated ‘Facllllal‘ed

* Facilitated versus discharge zones
— in discharge zone, a single cell can produce firing

— in facilitated zone, single cell can only make it easier
for the postsynaptic cell to fire




Neuronal Circuits

 Diverging circuit -- one cell synapses on other that
each synapse on others

 Converging circuit -- input from many fibers on
one neuron (respiratory center)

Diverging Converging
X[~ % . ) 3 Output
Input
Output Input

Neuronal Circuits

« Reverberating circuits

— neurons stimulate each other in linear sequence but one
cell restimulates the first cell to start the process all over

* Parallel after-discharge circuits

— input neuron stimulates several pathways which
stimulate the output neuron to go on firing for longer
time after input has truly stopped

Reverberating

~ - N Parallel after-discharge

[ v

Output 2 . "o
Inputl N il Output

Input —

Memory & Synaptic Plasticity

* Memories are not stored in individual cells

Physical basis of memory is a pathway of cells

Synaptic potentiation
— process of making transmission easier
— correlates with different forms of memory

Immediate Memory

* Ability to hold something in your thoughts for just
a few seconds

Feel for the flow of events (sense of the present)

* Our memory of what just happened “echoes” in
our minds for a few seconds

— reverberating circuits Reverberating
= 2\
Input Output

Short-Term Memory

 Lasts from a few seconds to several hours

* Working memory allows us to keep something in
mind long enough search for keys, dial the phone

+ Facilitation causes memory to longer lasting
* Posttetanic potentiation (to jog a memory)

Long-Term Memory
* May last up to a lifetime
* Types of long-term memory

* Physical remodeling of synapses with new
branching of axons or dendrites

Molecular changes called long-term potentiation
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Alzheimer Disease
* 100,000 deaths/year
— 11% of population over 65; 47% by age 85
* Symptoms

— memory loss for recent events, moody, combative, lose
ability to talk, walk, and eat

* Diagnosis confirmed at autopsy
— atrophy of gyri (folds) in cerebral cortex
— neurofibrillary tangles & senile plaques

Degeneration of cholinergic neurons & deficiency
of ACh and nerve growth factors

» Genetic connection confirmed for some forms

Parkinson Disease

* Progressive loss of motor function beginning in
50’s or 60’s -- no recovery
— degeneration of dopamine-releasing neurons in
substantia nigra
* prevents excessive activity in motor centers (basal ganglia)
— involuntary muscle contractions
« pill-rolling motion, facial rigidity, slurred speech, illegible
handwriting, slow gait
* Treatment is drugs and physical therapy
— dopamine precursor can cross blood-brain barrier
— deprenyl (MAO inhibitor) slows neuronal degeneration

— surgical technique to relieve tremors




