CHAPTER 48:  THE NERVOUS SYSTEM
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Nervous systems perform three overlapping functions: Sensory input, integration, and motor output
· Major functional unit of the nervous system is the neuron.

· Sensory neurons have receptors that are responsive to external stimuli (light, sound, touch, heat, smell, taste) and internal stimuli (blood pressure, muscle tension, blood CO2 level).

· Such sensory input is transmitted to integration centers within the brain (CNS)

· Interneurons integrate (analyze and interpret) input.

· Motor output leaves the CNS via motor neurons, which communicate with effector cells (muscle or endocrine).

· Effector cells carry out the body’s response to a stimulus.

Neuron Structure
· Most of a neuron’s organelles, including the nucleus, are located in the cell body.

· Arising from the cell body are two types of extensions: dendrites and an axon

· Dendrites are highly branched and receive signals from other neurons

· The axon is longer and transmits signals to other cells

· Region of an axon where it joins the cell body is called the axon hillock

· Dentrite ( cell body ( axon hillock ( axon

· Some axons are insulated by a myelin sheath.

· Axon endings are called synaptic terminals.
· They contain neurotransmitters (chemical signals) which conduct a message across a synapse.

· A synapse is the junction between a presynaptic (transmitting) and postsynaptic (receiving) neuron.

Every cell has a voltage, or membrane potential, across its plasma membrane
· A membrane potential is a localized electrical gradient across membrane.

· Anions (-) are more concentrated within a cell.

· Cations (+) are more concentrated in the extracellular fluid.

· An unstimulated cell usually have a resting potential of -60 to -80mV.

· The minus sign indicates that the inside of the cell is negative relative to the outside

Changes in the membrane potential of a neuron give rise to nerve impulses
· Excitable cells have the ability to generate large changes in their membrane potentials.

· Gated ion channels within membrane open or close in response to stimuli.

· The subsequent diffusion of ions leads to a change in the membrane potential.

· Stretch-gated ion channels open or close when membrane is mechanically deformed.
· Ligand-gated ion channels open or close in response to a chemical stimulus, such as a neurotransmitter.

· Voltage-gated ion channels open or close in response to a change in membrane potential.

· Graded potentials are changes in membrane potential

· Types of Graded Potentials: Hyperpolarization and Depolarization

· Hyperpolarization – increase in magnitude of membrane potential

· Gated K+ channels open ( K+ diffuses out of the cell ( the membrane potential becomes more negative.

· Depolarization –reduction in magnitude of membrane potential.
· Gated Na+ channels open ( Na+ diffuses into the cell ( the membrane potential becomes less negative.

The Action Potential:

· In most neurons, depolarizations are graded only up to a certain membrane voltage, called the threshold.  

· A stimulus strong enough to produce a depolarization that reaches the threshold triggers a different response, called an action potential.

· Action potentials are the signals that carry information along axons, sometimes over great distances (toes to spinal cord).

Nerve impulses propagate themselves along an axon
· The action potential is repeatedly regenerated along the length of the axon.

· An action potential achieved at one region of the membrane is sufficient to depolarize a neighboring region above threshold.

· Thus triggering a new action potential.

Action Potential Speed in Vertebrates
· Myelin increases the conduction speed of action potentials by insulating the axon membrane.

· In a myelinated axon, voltage-gated Na+ and K+ channels are concentrated at gaps in the myelin sheath called nodes of Ranvier.

· This causes the action potential to “jump” along the axon from node to node, increasing its speed.

· This mechanism is called saltatory conduction.

Neurons Communicate with other cells at Synapses
· When an action potential reaches the terminals of an axon, it generally stops there.

· Information, however, is transmitted, and this transmission occurs at the synapses (area between the synaptic terminal of one neuron and the cell body of another cell)

· Electrical Synapses (less common).

· Action potentials travels directly from the presynaptic to the postsynaptic cells via gap junctions.

· Most often used for rapid , stereotypical behaviors (swift execution of escape response in lobsters)

· Chemical Synapses (vast majority of communication).

· Involve a release of a chemical neurotransmitter by presynaptic neuron.

· Presynaptic neuron synthesizes neurotransmitter and packages it in synaptic vesicles

· These vesicles are stored in the neuron’s synaptic terminals

· Neurotransmitter diffuses across the synaptic cleft, a narrow gap that separates presynaptic neuron from postsynaptic cell

1. Action potential depolarizes membrane of synaptic terminal

2. This opens voltage-gated calcium channels in membrane triggering an influx of calcium

3. Elevated calcium concentration in terminal causes synaptic vesicles to fuse with presynaptic membrane

4. Vesicles release neurotransmitter into synaptic clef
5. Neurotransmitter binds to receptor portion of ligand-gated ion channels in postsynaptic membrane, opening channels

6. Neurotransmitter releases from receptors and channels close.  Synaptic transmission ends when neurotransmitter diffuses out of synaptic cleft, is taken up by synaptic terminal or another cell, or is degraded by an enzyme
Major Neurotransmitters
· Acetylcholine
· Excitatory to skeletal muscle.

· Inhibitory to cardiac muscle – reduce the strength and rate of contraction of cardiac muscle cells.

· Secreted by the CNS, PNS, and at vertebrate neuromuscular junctions.

· Biogenic Amines
· Epinephrine and norepinephrine.

· Function as hormones
· Can have excitatory or inhibitory effects.

· Secreted by the CNS and PNS.

· Secreted by the adrenal glands.
· Dopamine

· Generally excitatory; may be inhibitory at some sites.

· Widespread in the brain.

· Affects sleep, mood, attention, and learning.

· Secreted by the CNS and PNS.

· A lack of dopamine in the brain is associated with Parkinson’s disease.

· Excessive dopamine is linked to schizophrenia.

· Serotonin.
· Generally inhibitory.

· Widespread in the brain.

· Affects sleep, mood, attention, and learning

· Secreted by the CNS.
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Vertebrate nervous systems have central and peripheral components
· Central nervous system (CNS).
· Brain and spinal cord.

· Both contain fluid-filled spaces which contain cerebrospinal fluid (CSF).

· The central canal of the spinal cord is continuous with the ventricles of the brain.

· White matter is composed of bundles of myelinated axons

· Gray matter consists of unmyelinated axons, nuclei, and dendrites.

· Peripheral nervous system.
· Everything outside the CNS.

· Transmits information to and from the CNS and plays a large role in regulating a vertebrate’s movement and internal environment.

· Structural composition of the PNS.

· Paired cranial nerves that originate in the brain and innervate the head and upper body.

· Paired spinal nerves that originate in the spinal cord and innervate the entire body.

· Ganglia associated with the cranial and spinal nerves.

The divisions of the peripheral nervous system
Somatic

· carries signals to and from skeletal muscles, mainly in response to external stimuli

· Often considered voluntary because it is subject to conscious control

Autonomic

· Regulates the internal environment by controlling smooth and cardiac muscles and the organs of the digestive, cardiovascular, excretory, and endocrine systems

· Control is generally involuntary

· Divisions:  sympathetic and parasympathetic

Embryonic development of the vertebrate brain reflects its evolution from three anterior bulges of the neural tube
Three bilateral symmetrical, anterior bulges of the neural tube – the forebrain, midbrain, and hindbrain – become evident as the embryo develops

· The Brainstem – “lower brain”

· Consists of the medulla oblongata, pons, and midbrain.

· Derived from the embryonic hindbrain and midbrain.

· Functions in homeostasis, coordination of movement, conduction of impulses to higher brain centers.

Medulla oblongata

· Contains nuclei that control visceral (autonomic homeostatic) functions.

· Breathing, heart and blood vessel activity, swallowing, vomiting, digestion

· Relays information to and from higher brain centers.

Pons

· Contains nuclei involved in the regulation of visceral activities such as breathing.

· Relays information to and from higher brain centers.

The Midbrain
· Contains nuclei involved in the integration of sensory information.

· Superior colliculi are involved in the regulation of visual reflexes.

· Inferior colliculi are involved in the regulation of auditory reflexes.

· Relays information to and from higher brain centers.

· The Cerebellum.

· Develops from part of the metencephalon.

· Functions to error-check and coordinate motor activities, and perceptual and cognitive factors.

· Relays sensory information about joints, muscles, sight, and sound to the cerebrum.

· Coordinates motor commands issued by the cerebrum.
· Thalamus.
· Relays all sensory information to the cerebrum.

· Relays motor information and receives input from the cerebrum.

· Receives input from brain centers involved in the regulation of emotion and arousal.

· Hypothalamus.
· Regulates autonomic activity.

· Contains nuclei involved in thermoregulation, hunger, thirst, sexual and mating behavior, etc.

· Regulates the pituitary gland.
The cerebrum is the most highly evolved structure of the mammalian brain
· The cerebrum is derived from the embryonic telencephalon.

· The cerebrum is divided into left and right cerebrum hemispheres.
· The corpus callosum is the major connection between the two hemispheres.

· The left hemisphere is primarily responsible for the right side of the body.

· The right hemisphere is primarily responsible for the left side of the body.

· Cerebral cortex: outer covering of gray matter. 

· Basal nuclei: internal clusters of nuclei.

· The cerebrum is divided into frontal, temporal, occipital, and parietal lobes.

· Frontal lobe - contains the primary motor cortex.

· Parietal lobe - contains the primary somatosensory cortex.

· Lateralization of Brain Function.

· The left hemisphere.

· Specializes in language, math, logic operations, and the processing of serial sequences of information, and visual and auditory details.

· Specializes in detailed activities required for motor control.

· The right hemisphere.

· Specializes in pattern recognition, spatial relationships, nonverbal ideation, emotional processing, and the parallel processing of information.

· Language and Speech.

· Broca’s area.
· Usually located in the left hemisphere’s frontal lobe

· Responsible for speech production.

· Wernicke’s area.
· Usually located in the right hemisphere’s temporal lobe

· Responsible for the comprehension of speech.

· Emotions.

· In mammals, the limbic system is composed of the hippocampus, olfactory cortex, inner portions of the cortex’s lobes, and parts of the thalamus and hypothalamus.

· Mediates basic emotions (fear, anger), involved in emotional bonding, establishes emotional memory

· Memory and Learning.

· Short-term memory stored in the frontal lobes.

· The establishment of long-term memory involves the hippocampus.

· Memory and Learning.

· The transfer of information from short-term to long-term memory.

· Is enhanced by repetition (remember that when you are preparing for an exam).

· Influenced by emotional states mediated by the amygdala.

· Influenced by association with previously stored information.

· Different types of long-term memories are stored in different regions of the brain.

· Memorization-type memory can be rapid.

· Primarily involves changes in the strength of existing nerve connections.

· Learning of skills and procedures is slower.

· Appears to involves cellular mechanisms similar to those involved in brain growth and development.

· Functional changes in synapses of the hippocampus and amygdala are related to memory storage and emotional conditioning.

· Long-term depression (LTD) occurs when a postsynaptic neuron displays decreased responsiveness to action potentials.

· Induced by repeated, weak stimulation.

· Long-term potentiation (LTP) occurs when a postsynaptic neuron displays increased responsiveness to stimuli.

· Induced by brief, repeated action potentials that strongly depolarize the postsynaptic membrane.

· May be associated with memory storage and learning.

· Human Consciousness.

· Brain imaging can show neural activity associated with:

· Conscious perceptual choice

· Unconscious processing

· Memory retrieval

· Working memory.

· Consciousness appears to be a whole-brain phenomenon.
NERVE IMPULSE IN DETAIL

The Nature Of Nerve Signals
· A membrane potential is a localized electrical gradient across membrane.  In a RESTING CELL…

· Anions are more concentrated within a cell – so the inside is more NEGATIVE

· Cations are more concentrated in the extracellular fluid – so the outside is more POSITIVE

· How a Cell Maintains a Membrane Potential.

· Anions.

· Proteins, amino acids, sulfate, and phosphate are the principal intracellular anions.

· Cl– is principal extracellular anion.

· Cations.

· K+ the principal intracellular cation.

· Na+ is the principal extracellular cation.

· Ungated ion channels allow ions to diffuse across the plasma membrane.

· These channels are always open.
· This diffusion does not achieve an equilibrium since sodium-potassium pumps transport these ions against their concentration gradients.  So…the sodium-potassium pump is responsible for maintaining the Na+ and K+ gradients, and therefore responsible for maintaining a resting potential.

· Changes in the membrane potential of a neuron give rise to nerve impulses

· Excitable cells have the ability to generate large changes in their membrane potentials.

· Stimulus in a sensory neuron may be light into the eye, vibrations into the ear

· Gated ion channels open or close in response to stimuli.

· The subsequent diffusion of ions leads to a change in the membrane potential.

· Types of gated ions.

· Chemically-gated ion channels open or close in response to a chemical stimulus.

· Voltage-gated ion channels open or close in response to a change in membrane potential – usually only allowing one kind of ion to pass through.

· Graded potentials are changes in membrane potential

· Called graded because the magnitude of change depends on the strength of the stimulus:  larger stimulus will open more channels, producing a larger change in permeability and a resulting larger change in the membrane potential.

· Two types of graded Potentials: 

· Hyperpolarization – increase in the voltage across the membrane - membrane potential becomes MORE negative (K+ - major intracellular CATION diffuses OUT of the cell)

· Depolarization – reduction in the voltage across the membrane - membrane potential becomes LESS negative  (Na+ - major extracellular CATION diffuses INTO the cell)

· The Action Potential: 
All or Nothing Depolarization.

· Threshold potential typically 15 to 20 mV more positive than resting potential (-50 to -55mV)

· This triggers an action potential…i.e. a nerve impulse.

· Once an action potential is triggered, the membrane potential goes through a stereotypical sequence of changes

· Membrane polarity reverses abruptly (spike in graph)

· This is followed by a rapid repolarizing phase – membrane potential returns to resting level

· Whole event takes a few milliseconds

· Example of positive feedback

· Depolarization to threshold triggers even larger depolarization (the action potential)

Step 1: Resting State
Both the Na+ and K+ channels are closed – membrane’s resting potential is maintained

Step 2: Threshold

A stimulus opens some Na+ channels.  If the Na+ influx achieves threshold potential, then additional Na+ gates open, triggering an action potential.

Step 3: Depolarization phase of the action potential

Activation gates of the Na+ channels are open, but the K+ channels remain closed.  Na+ ions rush into the cell, and the interior of the cell becomes more positive.

Step 4: Repolarizing phase of the action potential

Inactivation gates close Na+ channels , and K+ channels open.  K+ ions leave the cell, and the loss of positive charge causes the inside of the cell to become more negative than the outside.

Step 5: Undershoot (hyperpolarizaion)
Both gates of the Na+ channels are closed, but K+ channels remain open because their relatively slow gates have not had time to respond to the repolarization of the membrane. At this time the neuron cannot depolarize in response to another stimulus.  This is known as the refractory period. Within another millisecond or two, the resting state is restored, and the system is ready to respond to another stimulus.
Nerve impulses propagate themselves along an axon
· The action potential is repeatedly regenerated along the length of the axon (like tipping the first of a row of standing dominoes).

· An action potential achieved at one region of the membrane is sufficient to depolarize a neighboring region above threshold.

· Thus triggering a new action potential.

· The refractory period assures that impulse conduction is unidirectional.

Speed of an Action Potential
· Factors that affect speed

· Diameter of axon:  Larger = faster (resistance to flow of electrical current is inversely proportional to cross-sectional area)

· Myelination sheath – increases the conduction speed of action potentials by insulating the axon membrane.

· Insulation has the same effect as increasing the diameter, along with space efficiency:

· A myelinated axon 20 um in diameter has about the same conduction speed as a giant squid axon with a diameter of 1 mm

· Furthermore, in a myelinated axon, voltage-gated Na+ and K+ channels are concentrated at gaps in the myelin sheath called nodes of Ranvier

· Action potentials are not generated in the regions between the nodes

· Rather, the inward current produced during the rising phase of the action potential at a node travels all the way to the next node, where it depolarizes the membrane and generates a new action potential

· This mechanism is called saltatory conduction, and highly increases the speed of transmission of the action potential.
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