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Brain
· The brain consists of the: brain stem, diencephalon, cerebrum, and cerebellum.

The Nervous System

· Sensory receptors receives signals (stimulus) from the outside world and send them to the brain along a sensory neuron

· The brain interprets the signals

· A response is sent from the brain to the target organ along a motor neuron

Figure 48.1  Overview of a vertebrate nervous system
Figure 48.3  The knee-jerk reflex
Neuron structure

· Cell body: contains the nucleus; main part of the neuron

· Dendrites: many extensions that receive stimulus and send it to the cell body

· Axon: single extension from the cell body; carries impulse away from cell body

· Synapse: gap between axon of one neuron and a dendrite of another

· Glia: cells that support neurons, provide nutrients and remove waste

· Myelin sheath: layers of insulating cells (Schwann cells) that wrap around large axons

· Nodes of Ranvier: gaps between the Schwann cells

· Neurons are organized into ganglia or nuclei 

· Lamina: network of nuclei

Figure 48.2  Structure of a vertebrate neuron
Figure 48.5  Schwann cells
Types of neurons

Parts of the nervous system

· Central nervous system: brain and spinal cord; connects sensory and motor mechanisms with interneurons

· Peripheral nervous system: sensory and motor neurons; carries stimuli from the external environment and monitors the status of the internal environment

Figure 48.16  The nervous system of a vertebrate
Central Nervous System

· Spinal cord : receives information from the PNS and sends out motor commands for movement, 

· Brain: integrates various functions of the entire body

· both are covered with protective layers called meninges and are surrounded by cerebrospinal fluid

Figure 48.20x1  Cerebral cortex, gray and white matter
Figure 48.16x  Spinal cord
Peripheral Nervous System

·  consists of 2 parts:


-the somatic nervous system carries signals to skeletal muscles in response to external stimuli; this includes voluntary actions and reflexes


-the autonomic nervous system controls involuntary functions such as heart contractions, digestion, breathing, etc



-sympathetic ns: fight or flight



-parasympathetic ns: normal functions

Cranial Nerves of the PNS

· There are 12 cranial nerves: 

3 with sensory function, 

4 with somatic motor function, 

1 with somatic motor and parasympathetic function, 


and 3 with all 3 functions.

SPINAL NERVES

· Spinal nerves exit from the cervical, thoracic, lumbar, and sacral regions.

· The phrenic nerve is the most important branch in the cervical plexus.

Figure 48.18  The main roles of the parasympathetic and sympathetic nerves in regulating internal 
body functions
The Brain

· the brain stem conducts data and controls automatic activities essential for life

· contains 3 parts: the medulla oblongata, the pons, and the midbrain

· -the medulla oblongata and pons control breathing, heart and blood vessel activity, swallowing, vomiting, digestion, and large scale activity like walking

· The midbrain is the connection  between spinal cord and the brain

· -the cerebellum controls movement and balance

· -the thalamus and hypothalamus are integrating centers and hormone regulators

· -the cerebrum contains the integrating centers of the brain

· -the cerebral cortex is the outer layer; it’s also the largest and most complex part of the brain; is divided into lobes

· -frontal lobe is important in voluntary motor function, motivation, aggression, mood, and smell reception

· -parietal lobe receives and evaluates most sensory information

· -occipital lobe receives and integrates visual input

· -temporal lobe evaluates smells and sounds and is important in memory

Figure 48.20  The main parts of the human brain
Figure 48.24  Structure and functional areas of the cerebrum
Membrane potential

· Membrane potential (unequal charge) arises from different ion concentrations inside and outside the cells

· -Na+ ions are found mostly outside cells

· -K+ ions are mostly inside with large anions (proteins, sulfates, phosphates)

· 
-large anions can only cross the membrane through ion channels or using carrier proteins

· K+ ions are pumped into the cell and Na+ ions are pumped out

· K+ ions can diffuse out of the cell more easily than Na+ because they are smaller

· Gives cells a resting potential (charge) of -70 mV 

Membrane potentials

· Results from the charge difference that  exists across the membrane of the cells.

Action potential

· Occurs when the charge across the cell membrane is briefly reversed.

Figure 48.6  Measuring membrane potentials
Transmission of impulses

· Impulses travel through a nerve cell by creating an action potential

· Stimulation causes the membrane of a neuron to open the Na+ ion channels allowing Na+ ions to rush into the cell

· This causes the local area of the neuron to become positively charged (depolarized)

· Depolarization causes the Na+ ion channels to close and the K+ channels to open

· Diffusion of K+ ions out restores polarity to the cell

Figure 48.7  The basis of the membrane potential
· Depolarization of one area causes depolarization of the next area so the nerve impulse continues down the neuron

· Wave of depolarization only moves in 1 directions from the dendrites to the cell body to the axon

· Original stimulation must be above threshold level in order for an impulse to be started (all or nothing)

Figure 48.10  Propagation of the action potential
Figure 48.11  Saltatory conduction
Transmission of impulses between neurons

· Communication between cells occurs at synapses (gap between axon and neighboring dendrite)

· Pre-synaptic cells contain synaptic vesicles which contain neurotransmitters

· -action potential reaching the end of an axon triggers release of neurotransmitter into synapse

·  the neurotransmitter diffuses to the post-synaptic membrane where they bind to receptor molecules which starts the action potential on this neuron

· the neurotransmitter is degraded and the components are recycled

· this system allows the transmission of signals in 1 direction only from axon to dendrite

Figure 48.12  A chemical synapse
