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The Nervous System



Chapter 48 - The Neuron
● The neuron (nerve cell) is the specialized cell that transmits 

information within the body.
● Neurons have a specialized structure to serve a specialized function: 

using pulses of electrical current to receive, transmit, and regulate the 
flow of information over long distances in the body. Chemical signals 
are often involved. The brain is a processing center. 

● Information processing occurs in three steps:
1. Sensory input (stimulus)
2. Integration
3. Motor output (effector)  
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Chapter 48 - The Structure of a Neuron



Chapter 48 - The Structure of a Neuron
● The cell body contains nucleus and other 

organelles
● Dendrites receive signals from other neurons
● Axons transmit signals to other cells
● Path of transmission goes from dendrite TO 

axon
● A synapse is where an axon junctions with 

another cell and transmits info
● Often times at this synapse, a chemical 

messenger, called a neurotransmitter, passes 
info from the transmitting cell to the receiving 
cell 

● We often call the transmitting neuron the 
presynaptic cell and the receiving cell, the 
postsynaptic cell



Chapter 48 - Neuron to Neuron Synapse
●



Chapter 48 - Ions and Membrane Potential
● Ions have charges. Unequal ion distribution exists between the inside and 

outside of cells. This charge difference, or voltage, is called membrane 
potential (like an electrical gradient)

● You may see membrane potential as something like, -80mV (millivolts). It is 
negative because the inside of a cell is normally negatively charged relative to 
the outside. The resting membrane potential of a neuron is actually -60 to -80
mV 

● Sodium and potassium are very important as we study membrane potential in 
a neuron. In mammalian neurons, K is is highest inside the cell and Na is 
highest outside the cell. The sodium-potassium pump works by active 
transport (by the hydrolysis of ATP) to maintain this gradient  



Chapter 48 -The Action Potential
● The membrane potential in a neuron (namely, the axon) changes in response 

to many kinds of stimuli
● Changes in membrane potential occur because neurons contain gated ion 

channels, which open or close in response to stimuli
● The opening or closing of these channels alters the membrane's permeability 

to particular ions, which in turn, alter membrane potential 
● An action potential is a massive change in membrane voltage across the 

axon membrane. In the next slide, steps that lead to an action potential will be 
shown. Remember, the whole point of a neuron’s structure is to effectively 
conduct an electrical signal down itself to the next cell  



Chapter 48 -The Action Potential
● The Action Potential

○ Step 1 Resting State: The gated K and Na channels are closed; resting potential 
(no stimulus); inside more negative than outside

○ Step 2 Depolarization: A stimulus opens some Na channels and this depolarizes 
the membrane. The influx of Na causes further depolarization. Depolarization 
means to lessen the membrane potential (difference); makes inside less negative

○ Step 3 Rising Phase of Action Potential: More and more Na channels open to 
allow more Na in. Eventually, the inside becomes more positive than outside 

○ Step 4 Falling Phase of Action Potential: Na channels become inactivated 
blocking more Na from coming in. Now K channels open allowing K out, making 
the inside of the cell more negative again  

○ Step 5 Undershoot: Membrane returns to its resting state 



Chapter 48 -Conduction of an Action Potential



Chapter 48 - Disorders

Gated ion channels and action potentials have a central role in all nervous 
system functions

As a consequence, mutations in genes that encode ion channel proteins 
can cause disorders affecting the nerves, muscles, brain, or heart

For example, mutations affecting sodium channels in the brain can cause 
epilepsy, in which excessive synchronized firing of groups of nerve cells 
causes seizures



Chapter 48 - Axon Structure
● In vertebrates, axon diameters are small, but conduction is speedy 

because of a specialized insulated covering called myelin sheath 
(made from myelin, a fatty tissue) that spans the length of the axon 
except for the nodes of Ranvier (areas without the myelin). So, the 
parts of the axon that DO contain the myelin are called the Schwann 
cells

● In myelinated axons, ion channels are restricted to the nodes of 
Ranvier and so the action potentials can actually skip the Schwann 
cells making conduction quicker and more efficient



Chapter 48 - Communication at Synapses
● Most action potentials don’t go onto the receiving neuron, but info is 

transmitting at the synapse by way of chemical signals, the release of 
neurotransmitters released by transmitting neuron (presynaptic).

● As the presynaptic neuron’s axon is being depolarized down the axon 
toward the dendrites of the receiving neuron, the following occurs:
a. Ion gates are opened at the axon terminal and Ca (calcium) enters
b. The elevated Ca levels cause vesicles within the axon terminal 

containing neurotransmitter to fuse with presynaptic membrane
c. By exocytosis, they release the neurotransmitter into the synaptic 

space
d. The neurotransmitter binds with postsynaptic membrane and now 

an action potential can begin in the next neuron 



Chapter 48 - Communication at Synapses
●



Chapter 48 - Types of Neurotransmitters
● Researchers have identified more than 100 neurotransmitters belonging to 

specific groups based on chemical structure. Response triggered depends on 
type of receptor expressed by postsynaptic cell

● Acetylcholine: Vital for nervous system functions. Common at neuromuscular 
junctions where neurons stimulate skeletal muscle cells
○ Neurotransmission can be blocked due to toxins (example, bacteria that 

inhibits acetylcholine from being released - can cause rare food 
poisoning called botulism - often fatal because breathing muscle now do 
not function). Of course this is the same substance in Botox - blocks 
synapses that control facial muscles!

● Other neurotransmitters: GABA (common in brain; Valium reduces anxiety by 
binding to GABA receptors), epinephrine, dopamine, serotonin 



Chapter 48 - Types of Neurotransmitters
● Other neurotransmitters (can be stimulatory or inhibitory):

○ GABA (inhibitory; common in brain synapses; levels out mood; drug 
Valium reduces anxiety by binding to GABA receptors, inhibiting further)

○ Epinephrine (excitatory neurotransmitter in autonomic nervous system)
○ Serotonin (inhibitory; released in brain synapses; balances mood)
○ Dopamine (both inhibitory and excitatory; in brain; levels out mood and 

increases focus)



Chapter 49 - The Vertebrate Brain is Regionally Specialized
● Brain is divided into lobes and structures with specific regional functions
● Cerebral cortex: the most superficial nervous tissue that controls learning, 

emotion, memory, perception, voluntary movement.
● Cerebellum: posterior (back of brain); coordinates balance and movement
● Hypothalamus: controls body temperature, hunger/thirst, mating behavior
● Medulla oblongata: controls heart rate and breathing
● Other regions for specialized functions   


