Neuron, Impulse Generation, and Reflex Arc





· The cells of the nervous system can be split into two cell types:  neurons and neuroglia.

· Neurons conduct/transmit nerve impulses between parts of the system

· Neuroglia are cells that support and nourish neurons.

Neuron Structure

A typical neuron has three main parts the dendrites, the cell body and the axon.

dendrites – main extensions from the cell body that receive signals from other neurons and send them on to the cell body.

cell body – contains the nucleus and other organelles and is generally found at the receiving end of a neuron, but not always

axon – conducts nerve impulses away from the cell body toward other neurons or target structures (ex. muscle cells)
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· The axon of the neuron above is covered in a myelin sheath.  In the CNS, the myelin sheath is composed of oligodendrocytes.  In the PNS, the myelin sheath is composed of Schwann cells.  Both of these cells contain myelin which acts as an insulator for the axon.

· Multiple Sclerosis (MS) is a disease of the oligodendrocytes.  Nerve conduction is slow and 

· In the nervous system there are 3 types of neurons:  sensory neurons, interneurons, and motor neurons.

	Neuron type
	Structure
	Function

	Sensory neuron
	· cell body is not within the CNS

· has sensory receptors (ex. heat receptors, stretch receptors, pressure receptors)

· axon is myelinated

· 
	· Takes messages from a sensory receptor to the CNS.

· Sensory receptors detect changes in our environments.

	Interneuron
	· entire cell is within the CNS

· may or may not be myelinated

· 
	· receives input from sensory neurons or other interneurons of the CNS

· sends impulses to other interneurons or to motor neurons

	Motor Neuron
	· cell body is within the CNS

· axons are myelinated

· terminates on skeletal muscles
	· takes messages away from the CNS to a skeletal muscle fibre 

	Other motor neurons
	· cell body may or may not be within the CNS

· axons are myelinated

· terminates on an effector (smooth muscle, cardiac muscle or a gland)
	· takes messages from the CNS or other motor neurons to an effector

· An effector carries out our responses to environmental changes.
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The Nerve Impulse

Introduction

· The nerve impulse is more like a line of gun powder than an electrical current.  Neurons themselves are actually poor passive conductors of electrcity.

· Evidence on the mechanism of an impulse comes from measuring the electrochemical potential across the membrane of a neuronal axon. (the axomembrane)

· two electrodes required:  one is inserted into the cell; the other is on the surface.

· electrodes are hooked up to a voltmeter and the voltmeter to an oscilloscope which magnifies the measurement and plots it on a graph-like screen… voltage vs. time.

The Resting Potential

(axon at rest – no impulse occurring)

· The inside of the neuron is approximately –65 to –70 mV compared to the outside.  It is polarized.

· Why?

· There is unequal distribution of  Na+ ions and K+ ions on either side of the membrane because of a sodium-potassium pump or Na+/K+ ATPase.  This pump ejects 3 Na+ ions from the neuron for every 2 K+ it brings in.  The inside of the cell is negative compared to the outside.
· In addition, there is a higher concentration of sodium outside the cell and a higher concentration of potassium inside the cell.  

· There is some leakage of these ions back across the membrane, however the pump is always working and therefore establishes the membrane potential at about –65 mV.

· Another factor that contributes to the potential is that the leakage of K+ ions is slightly more which means an additional amount of positive charge on the outside of the cell.

The Action Potential

· It is an “All-or-none response”

· A stimulus (whether electrical stimulation, neurotransmitter stimulation or receptor stimulation) causes the membrane to depolarize to a certain level called the threshold.  In the case of natural stimulation (receptor or neurotransmitter) this initial depolarization is due to a special sodium channel opening allowing Na+ to move into the cell.  INITIAL depolarization.

· When threshold is met (-40 mV) the voltage-gated Na+ channels open and Na+ flows into the axon.  Membrane potential goes from –40 mV up to +40 mV  This is the depolarization phase of the action potential.

· At +40 mV the voltage-gated K+ channels open and K+ flow out of the cell causing repolarization.  At the same time, the voltage-gated Na+ channels close and become temporarily inactivated.

Propogation

· Once the threshold has been met at one location, then the influx of Na+ causes adjacent membrane surfaces to become depolarized to the threshold level, and therefore opening of voltage-gated Na+ channels.  The propogation is therefore like the domino effect until it reaches the other end of the neuron.

· The action potential naturally starts at the dendrites or cell body and moves along the axon.  It maintains it’s single direction because membrane that has just experienced an action potential has a refractory period or recovery period where it cannot have another action potential.  This is due to the temporary inactivation of the Na+ channels mentioned above.

· If an action potential does manage to travel in the wrong direction, it will only get as far as a dendrite at a synapse where it will have no effect because there can be no neurotransmitter release from a dendrite or cell body.

Neurons, Impulse Generation, and Reflex Arc

· The myelin sheath is made of the following neuroglial cells:

· CNS:  oligodendrocytes

· PNS:  Schwann cells

· Both of these cells contain lipid substance called myelin that insulates (wraps around) the axons of neurons.

· Nodes of Ranvier:  The gaps between myelin cells along the axons of neurons.

· These cells do the following:

· They provide a route for severed axons to regenerate (PNS only).

· They speed conduction of the action potential along neurons.

· Voltage gated channels in the axon are concentrated at the nodes of Ranvier.  The action potential can jump from node to node making the impulse reach the effector much quicker.  This is called saltatory conduction.  200 m/s or 450 miles/h.
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The Synapse:  The region of close proximity between the axon of a neuron and the dendrite or cell body of another neuron.  

Structure (pg. 324) 

The axon of a neuron (pre-synaptic) branches towards it’s end and each branch terminates with a structure called the axon bulb which comes in close contact with membrane of the post-synaptic neuron.  The space between the pre-synaptic membrane and the post-synaptic membrane is the synaptic cleft.
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· The two neurons communicate through the use of molecules called neurotransmitters stored in vesicles in the axon bulb.  

· They are released when triggered by an action potential arriving at the axon bulb of the pre-synaptic neuron.  

· The action potential causes an influx of Ca2+ into the axon bulb and Ca causes the vesicles to fuse with the pre-synaptic membrane (exocytosis) and release the neurotransmitter into the synaptic cleft.

· The neurotransmitters attach to receptor proteins on the post-synaptic membrane (dendrite or cell body) and upon attachment can do one of two things depending on the post-synaptic cell type (excitatory or inhibitory… this is governed by the neurotransmitter type):

· Excitatory neurotransmitters (fast-acting) 

· allow Na+ to flow into the post-synaptic neuron.

· Na+ influx causes depolarization

· Collectively they make post-synaptic cell meet threshold

· Action potential in post-synaptic cell occurs.

· Inhibitory neurotransmitters

· Cause hyperpolarization

· Collectively prevent threshold from being met

· There is always a balance between these two inputs on neurons.  It is only when excitatory neurons and their neurotransmitters are enough to meet threshold that the post-synaptic neuron fires an impulse.

· Once the neurotransmitter is released and has attached to it’s receptor it has one of two fates:

· It is inactivated by enzymes in the synaptic cleft, ex. acetylcholinesterase

· It is taken up through endocytosis into the axon bulb for re-packaging or breakdown.

· Either of these methods mean there is short existence of neurotransmitters in the synaptic cleft.

· Many drugs act through inhibition of neurotransmitters or mimicry of the neurotransmitter, or blockage of the receptor for the neurotransmitter.

Divisions of the Nervous System and the Brain

The Peripheral Nervous System

· Composed of nerves and ganglia

· Nerve = bundle of axons

· Neuronal axon in a nerve = nerve fibre

· Ganglia – collection of nerve cell bodies (31 pairs that come out of spinal cord)

Cranial Nerves

· There are 12 pairs

· Each nerve can be any of the following:

· Only sensory neurons

· Only motor neurons

· A mixture of both sensory and motor neurons

· Cranial nerves serve head, neck, facial regions except for vagus nerve which branches to pharynx, larynx, & internal organs

Spinal Nerves

· The nerves between ganglia and the effectors are mixed with sensory and motor neurons

· The connection of the ganglia to the dorsal side of the spinal cord is only sensory neurons – their cell bodies are in the ganglia (dorsal root ganglia)

· The connection of the ganglia to the ventral side of the spinal cord is only motor neurons.  These cells have cell bodies in the spinal cord and their axons pass through the ganglia & terminate (end) on muscle.

· Recall:  The PNS is split into the somatic and Autonomic systems.

The Somatic Nervous System

· Serves skin, skeletal muscles, tendons.  Includes sensory input to the CNS and motor output to the skeletal muscles.

· The Reflex Arc

· The brain is not used

· The entire pathway is PNS and a small portion in the CNS (spinal cord only)

· Ex:  a pin poke.

· Sensory receptors are triggered.

· Action potential travels on sensory neuron to dorsal root ganglion and then on to spinal cord.

· Many interneurons are affected and some interneurons terminate on motor neurons (whose dendrites and cell bodies are in the spinal cord)

· Axons exit through ventral root, and pass through ganglia.

· Axons terminate on effector which brings about response (muscle contracts to move hand away from pin)

· Other responses (usually slower)

· Whincing

· Crying

· Looking at pin

· All of these involve the CNS, so some interneurons in ganglia (spinal cord) send messages to the brain.

Pain is not felt until brain receives the info and interprets it.
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The Autonomic Nervous System 

This is the part of the peripheral nervous system that regulates automatic functions through smooth or cardiac muscle contraction and gland stimulation; for example, control of breathing rate, or control of blood pressure.

The system is split into the sympathetic and parasympathetic divisions.  Both have the following common features.

· They function automatically and usually involuntarily

· They innervate all internal organs

· They use two neurons and one ganglion for each impulse

· first neuron:  cell body in the CNS and a preganglionic fibre

· second neuron:  cell body in the ganglion and a postganglionic fibre. 

Sympathetic Division

· Pre-ganglionic fibre is short and usually comes from thoracic/lumbar portion of spinal cord to the adjacent ganglia where it terminates on the post-ganglionic fibre.  Acetylcholine is the neurotransmitter.

· Post-ganglionic fibre is long and comes from the ganglia and goes to the smooth/cardiac muscle of the organ or to the gland.  Norepinephrine is the neurotransmitter.

· The sympathetic division brings about the responses associated with “fight or flight”

· Inhibits tears

· Dilates pupils

· Inhibits salivation

· Dilates air passages

· Speeds heart

· Stimulates liver to release glucose
· Stimulates adrenal gland (on top of the kidney)  – releases adrenaline into the blood

· Inhibits activity of the kidneys, stomach, and pancreas, intestine

· Inhibits urination

· Causes erection of genitals
Parasympathetic Division (Craniosacral, or housekeeper division)

· Preganglionic nerves are long, they start in the cranial or sacral portion of the spinal cord and go directly to ganglia within their effector organs.  These nerves use  acetylcholine as their neurotransmitter.

· Postganglionic nerves are short and start in the ganglia within the organ and terminate on the smooth muscle or glands within the organ.

· The parasympathetic division brings about the responses associated with the relaxed state.

· Stimulates tearing

· Constricts pupils

· Stimulates salivation

· Constricts bronchioles

· Slows heart

· Stimulates gall bladder to release bile

· Increases activity of the stomach, pancreas, and instestine

· Stimulates urination

· Causes orgasmic contractions.

The (preparation for) “Fight or Flight” Response (The Adrenal Gland)

· The adrenal gland sits on top of the kidney and is composed of two layers, the medulla and the cortex.

· The sympathetic system affects the medulla by causing it to secrete adrenaline into the blood. 

· adrenaline in the blood has the same effects on organs as sympathetic output (see above).  

· It increases heart rate

· increases blood pressure

· increases [glucose]blood
· muscles receive more blood, and are more easily contracted.

· Constricts blood travel to the skin (to reduce bleeding)
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The Brain

· Along with the spinal cord makes up the CNS

· Receives sensory input from the PNS

· Integrates sensory input and produces an appropriate response to stimuli

· Is responsible for memory, learning, language and speech.

The Cerebrum

Structure

· largest portion of the brain

· right and left hemisphere separated by the longitudinal fissure but connected by the corpus callosum

· Shallow grooves (sulci) separate lobes:  frontal, parietal, occipital, and temporal.

· Thin outer layer of grey matter

· Inner layer of white matter, 

Functions

· last centre to receive sensory input and carry out integration

· commands voluntary responses

· Communicates with and coordinates the activities of the other parts of the brain

· carries out higher thought processes:  learning, memory, language, speech

The Thalamus

· consists of two masses of grey matter located in the sides and roof of the third ventricle.

· Receives all sensory input except smell.

· Cranial nerves and spinal cord bring in all visual, auditory, somatosensory sensory info and integrates it and sends it to the appropriate portions of the cerebrum.

· arouses the cerebrum, and also participates in higher mental functions like memory and emotions.

The hypothalamus

· an integrating centre that helps maintain homeostasis by regulating hunger, sleep, thirst, body temperature, and water balance.

· There are hypothalamic cells that can measure concentration of the blood, and concentrations of many different hormones

· The hypothalamus controls the pituitary gland and is therefore a link between the nervous and endocrine systems.  See PLO N5

The medulla oblongata

· Functions in conjunction with the pons to regulate breathing rate and has reflex centres concerned with head movements in response to visual and auditory stimuli.

· has many reflex centres for regulating heartbeat, breathing, and vasoconstriction (blood pressure).  It also contains the reflex centres for vomiting, coughing, sneezing, hiccuping, and swallowing.

· Has tracts that descend into the spinal cord and tracts that ascend into higher brain centres.

The corpus callosum

· white matter immediately posterior to the cerebrum that is a tract that connects the two hemispheres of the cerebrum.  Allows neuronal communication between the two hemispheres of the cerebrum.

The cerebellum

· Posterior and dorsal to the occipital lobe of the cerebrum.

· Receives sensory input from the eyes, ears, joints, and muscles about present position of the body parts.

· Receives motor output from the cerebral cortex.

· Integrates input from these two sources and sends motor output to the skeletal muscles by way of the brain stem and spinal cord.

· Overall functions:

· maintenance of posture and balance AND 

· proper smooth coordination of movements.

· Also assists in learning new motor skills such as playing the piano.
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The neuroendocrine control centre

· The parts of the body are under neuronal control, but also under hormonal control.

· Recall:  An endocrine gland is one which secretes it’s hormone directly into the blood for circulation.  ex.  the pancreas (insulin secretion)

· The endocrine system, which includes all endocrine glands in the body functions with the nervous system to maintain homeostasis.  

· Hormones involved in homeostasis  can be controlled by two methods:

· Negative feedback – when a gland is able to measure the condition it is regulating or the blood level of the hormone it secretes.

· Antagonistic hormonal actions – Another hormone with the opposite function is secreted into the blood to oppose the action of the initial hormone.

The hypothalamus and the pituitary gland

· The hypothalamus regulates the internal environment through the autonomic system (sympathetic and parasympathetic) and through control of the pituitary gland.

· The pituitary gland is a structure beneath the hypothalamus in the brain that has two portions:  the posterior pituitary and the anterior pituitary.

· The posterior pituitary

· Some neuron-like cells of the hypothalamus make the hormones oxytocin and antidiuretic hormone (ADH).  The hormones travel in secretory vesicles through axons and accumulate in axon endings at the posterior pituitary

· Hypothalamus cells measure water-salt balance of the blood.  When the blood is too concentrated, the posterior pituitary releases the hormone ADH (which was made at the hypothalamus).

· ADH travels through the blood to the kidneys where it causes the kidneys to reabsorb water instead of letting it move into the bladder.

· As the blood dilutes, ADH is no longer released (negative feedback)

· Oxytocin, made at the hypothalamus, released from the posterior pituitary causes uterine contraction during childbirth and milk letdown when a baby is nursing.

· Both uterine contractions and suckling cause further release of oxytocin.  This is an example of positive feedback and does not contribute to homeostasis.

· The anterior pituitary

· There is a portal system (two capillary beds in line) between the hypothalamus and the anterior pituitary.

· The hypothalamus controls the anterior pituitary by producing hypothalamic-releasing hormones and hypothalamic-inhibiting hormones.

· There are six hormones produced by the anterior pituitary:

· thyroid stimulating hormone (TSH)

· adrenocorticotropin (ACTH)

· Follicle stimulating hormone (FSH)

· Luteinizing hormone (LH)

· prolactin (PRL)

· growth hormone (GH)

· melanocyte-stimulating hormones (MSH)

· Each of the hormones above has it’s own pair of hypothalamic hormones.  One causes release, the other inhibits release.

· For the hormones which go on to affect another gland, the hormone that the effector gland releases is responsible for inhibiting the release of the hypothalamic hormone and the release of the hormone from the pituitary.  This is another example of self-regulating negative feedback
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consists of the brain and spinal cord located on the midline of the body.  The many parts communicate with each other and the PNS
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