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Functions of the Nervous Systems

+* The sensory function of the nervous system is to
sense changes in the internal and external
environment through sensory receptors.

Sensory (afferent) neurons serve this function.

“* The integrative function is to analyze the sensory
information, store some aspects, and make
decisions regarding appropriate behaviors.

Association or interneurons serve this function.

< The motor function is to respond to stimuli by
initiating action.

Motor(efferent) neurons serve this function.

Nervous System Divisions

Neuron & Glia (Neuroglia)
¢ Central Nervous System (CNS)
-- Brain & Spinal Cord
¢ Peripheral Nervous System (PNS)
Output: Motor Nerves
-- Cranial Nerves & Spinal Nerves

(1) Autonomic Nervous System (ANS)
(2) Somatic Nervous System (SNS)
(3) Enteric Nervous System (ENS)

Input: Sensory Nerves
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Figure 12-2 Principles of
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Cellular Communication

Intracellular communication
#IER ()

Synapses ° Intercellular communication
Chemical synapses Chemical messengers

@A O
<v d>
Electrical synapses DA

Chemical Synapse

1

2 Presynaptic terminal
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Synaptic vesicle 3

aptic cell

Synaptic cleft
4
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Functional Classes of Neurons
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Functional Classes of Neurons
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Structural Classes of Neurons
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Functional Classes of Glia Cells
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Membrane Potential
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Potential
(Potential difference)

The voltage difference between two points

Membrane potential
(Transmembrane potential)

The voltage difference between the inside and outside of a cell

Equilibrium potential

The voltage difference across a membrane that produces a flux of
a given ion species that is equal but opposite the flux due to the
concentration gradient affecting that same ion species

Resting membrane potential
(Resting potential)

The steady transmembrane potential of a cell that is not producing
an electric signal

Graded potential

A potential change of variable amplitude and duration that is
conducted decrementally; it has no threshold or refractory period

Action potential

A brief all-or-none depolarization of the membrane, reversing
polarity in neurons; it has a threshold and refractory period and is
conducted without decrement

Synaptic potential

A graded potential change produced in the postsynaptic neuron in
response to release of a neurotransmitter by a presynaptic teminal;
it may be depolarizing (an excitatory postsynaptic potential or
EPSP )or hyperpolarizing (an inhibitory postsynaptic potential or
IPSP)
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Two Types of lon Channels

* Leakage (nongated) channels are always open
-nerve cells have more K+ than Na+ leakage channels
-as a result, membrane permeability to K+ is higher
-explains resting membrane potential of -70mV in nerve tissue
+“ Gated channels open and close in response to a stimulus
-results in neuron excitability

20
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lon Channels

+»Gated ion channels respond to voltage
changes, ligands (chemicals), and
mechanical pressure.
— Voltage-gated channels respond to a direct
change in the membrane potential.

— Ligand-gated channels respond to a specific
chemical stimulus.

— Mechanically gated ion channels respond to
mechanical vibration or pressure.

21
ECF CF ECF (=3 ECF o-] (=3
5
Phosphates
cr T
. Passive K
cr L
K" Na™ N
Chomical K* gradient increases
Ma -
* ditfusion from ICF to ECF
-
Potential develops
3. K" diffusion potential
“Effective” concentration (mmal/kg HaO) Eauibrym
Interstitium (ECF) Call (ICF)
K 4.5 160 — a5mv
Ma* 144 7 + BOmv
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- 114 7 — 80 mv 22
HOO, 28 10 — 27 mv

..........
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lonic Basis of AP

2. Depolarization
(@na briafly elevated)

{Qx alevated)

A. Depolarization
and repolarization

Rosti
membiane
23
L B. Conductances of Na® and K during the action potential (schematic)
Extracellular Plasma
e membrane ] Crtosel
© Na*channel K* channel
O M=o o
1. Resting state: H ; In
Allvoltage-gated Na* % T4
and K* channalsare  Activation L
dosed. ~gateclosed . S J Wb,
A
2. Depelorizing phase:
Depalarization to threshold
apens Na* channel activation
gates. Na* inflow further
depaolarizes the membrane,
Na’ channel
activation gates.
o o ¥
n[ / )
A r-bein ’ ﬁ:m—- v [
K’ outflow restares resting = /
membrane potential. Na© /
channel inactivation gates
open. Return to resting state Tm—
when K’ gates close.
3 Repolarizing phose:
2 Ma* channel inactivation gates
HISIIE dase and K* channels open.
Outflow of K* causes
repolarization.
Figure 12-15 Principles of and Physiology, 11/e 24
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Propagation of AP
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Speed of Impulse Propagation

+* The propagation speed of a nerve impulse is not
related to stimulus strength.
— larger, myelinated fibers conduct impulses faster due to
size & saltatory conduction
+ Fiber types
— A fibers largest (5-20 microns & 130 m/sec)
myelinated somatic sensory & motor to skeletal muscle
— B fibers medium (2-3 microns & 15 m/sec)
myelinated visceral sensory & autonomic preganglionic
— C fibers smallest (0.5-1.5 microns & 2 m/sec)
unmyelinated sensory & autonomic motor

29

Graded Potential
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Axon = Cable

Charge Extracellular
fluid

Axon

— Direction of current
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Release of NTs/Chemical Synapse
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Voltage-gated Postsynaptic
Synaptic calcium chann
end bulb
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Three Possible Responses

s»*Small EPSP occurs

— potential reaches -56 mV only
“*An impulse is generated

— threshold was reached

— membrane potential of at least -55 mV
*» IPSP occurs

— membrane hyperpolarized

— potential drops below -70 mV

35

Neurotransmitters
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Endorphins
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Spatial & Temporal Summation
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Synaptic Potential

(1) Inbibitory synapse  ACh/Muscarinic R/heart 40
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AP & EPSP
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Nicotinic ACh Receptor/NMJ
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Muscarinic ACh Receptor/Heart
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AChE/Postsynaptic Cell Membrane
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Release & Inactivation of NE

Presynaptic

COMT(Catechol-O-methyltransferase)

Catecholamine
Biosynthetic Pathway
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G-Protein

Effect of NE

drutadie ||'||1
& ',1'-,”. WARRE i
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cyclic AMP

HETAN (71D | (cAMP) AT (i)

(Protein kinase (inactive)) |

Other cellular effects

Opens
5] ion channels
(Protein kinse (active))
a7

Imbalance of Neurotransmitter

Condition Symptoms . .
ymp in brain
Alzheimer’s Memory loss, depression , disorientation, Deficient ACh
disease dementia, hallucinations, death

Clinical depression

Debilitating, inexplicable sadness

Deficient NE and/or 5-HT

Seizures, loss of consciousness

Excess GABA leads to excess NE and

Epilepsy DA
Huntington disease Personality changes, I_oss of coordination, Deficient GABA
uncontrollable dancelike movements, death
Hypersomnia Excessive sleeping Excess 5-HT
Insomnia Inability to sleep Deficient 5-HT
Mania Elation, irritability, overtalkativeness, increased | Excess NE

movements

Myasthenia gravis

Progressive muscular weakness

Deficient ACh receptors at neuromuscular
junctions

Parkinson’s disease

Tremors of hands, slowed movements, muscle
rigidity

Deficient DA

Schizophrenia

Inappropriate emotional responses,
hallucinations

Deficient GABA leads to excess DA

Sudden infant Baby stops breathing , dies if unassisted Excess DA
death syndrome
(“’crib death’”)
Uncontrollable movements of facial muscles Deficient DA

Tardive dyskinesia

48
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Drug Actions at Synapses

Direction of action potential
transmission

Presynaptic
neuron

Synthesizing
enzyme

precursors

Empty
vesicle

=- cleft

Synaptic

Neurotransmitter

Degrading
enzymes

49
Drug Neurotransmitter | Affected Mechanism of Action Effect
Serotonin stimulates neurotransmitter Sleepiness
Tryptophan -
synthesis
Reserpine Norepinephrine Decrease packaging Decreases blood
P neurotransmitter into vesicles pressure
Acetylcholine Decreases neurotransmitter in Muscle paralysis
Curare -
synaptic cleft
Botulinus Acetylcholine decrease neurotransmitter Muscular
toxin release weakness
Tertodotoxin | Acetylcholine.... Block Na channels Muscle paralysis
Acetylcholine Blocks enzymatic degradation | Spastic paralysis
Nerve gas of neurotransmitter in
postsynaptic cell (AChE)
Acetylcholine Blocks enzymatic degradation | Muscle
Neostigmine of neurotransmitter in contraction
postsynaptic cell (AChE)
N Acetylcholine Stimulates synthesis of enzyme | Increases
Nicotine -
that degrades neurotransmitter | alertness
50
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Drug Neurotransmitter | Affected Mechanism of Action Effect
vali GABA Enhances receptor binding Decrease
alium anxiety
Cocaine Norepinephrine Blocks reuptake Euphoria

Tricyclic Norepinephrine Blocks reuptake Mood
antidepressants elevation
Monoamine | Norepinephrine Blocks enzymatic degradation of | Mood
oxidase neurotransmitter in presynaptic | Elevation
inhibitors cell
Serotonin Blocks reuptake Mood
Prozac and Elevation
related drugs
51
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Benzodiazepines
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Alzheimer’s disease
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