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BIOLOGY 3201

 UNIT 1: Part A  
Maintaining Dynamic Equilibrium II


Nervous System Structures

Textbook Reference: 12.1
The nervous system is vital to maintaining homeostasis in living organisms.  It is comprised of organs such as the brain and spinal cord and a series of neurons that transmit electrical impulses throughout the body.  The nervous system performs a variety of functions such as regulating temperature, motor coordination and maintaining glucose levels.

There are two major parts that comprise the nervous system:

1. The Central Nervous System

2. The Peripheral Nervous System

CENTRAL NERVOUS SYSTEM (CNS)

The CNS is comprised of two main parts: the brain and the spinal cord.  Its function is to receive sensory information and initiate motor control.

Protection of the CNS

Four structures are used to protect the CNS.  They include (i) the skull (ii) the vertebrae (iii) meninges (iv) the cerebrospinal fluid.  The skull forms an enclosure around the brain and the vertebrae enclose the spinal cord.  Meninges are protective membranes that surround both the brain and spinal cord.  The cerebrospinal fluid fills the spaces within the meninges to create cushion and provide further protection.

Draw Figure 12.3 (p.393)

	The Central Nervous System




Structure of the Spinal Cord

The function of the spinal cord is to provide communication between the brain and the peripheral nervous system (PNS).  The spinal cord extends from the vertebrae in the back though the bottom of the skull into the base of the brain.  Spinal nerves will pass through the vertebrae and out to the PNS.  

A cross section of the spinal cord show the (i) central canal containing cerebrospinal fluid (ii) grey matter and (iii) white matter.  The central canal helps to transport nutrients to the spinal cord and protects it by cushioning the impact of a force. 

The grey matter is brownish-grey in color and is made up of cell bodies, dendrites, axon terminals, and synapses.  The grey colour is produced by the cell bodies and non-myelinated fibres it contains.  It will convey sensory information to the brain and motor information away from the brain. The grey matter is found in the center of the spinal cord in the form of a letter H.  
The white matter is found around the grey matter.  It contains the myelinated bundles of axons that run together in tracts.  Ascending tracts carry information to the brain whereas descending tracts carry information from the brain. The white matter communicates with the grey matter whereas the grey matter processes information.
Draw Figure 12.4 (p.393)
	Cross Section of Spinal Cord




The Structure and Function of the Brain

The brain processes information transmitted from the senses so that the body can react to changes in the external and internal environment.  The brain makes up 2% of the body weight but may contain 15% of the blood supply and consumes 20% of the body’s oxygen and glucose.  The functioning of the brain is not entirely understood but it involves neurons, an internal hormone system and complex interconnections.  

Give the function of each of the following parts of the brain:

(i) Cerebrum

(ii) Cerebellum

(iii) Medulla

(iv) Thalamus

(v) Hypothalamus

(vi) Midbrain

(vii) Pons

(viii) Corpus Callosum

Draw Figure 12.11 (p.399)

	Structure of the Brain



(ix) Cerebral Cortex
(x) Frontal Lobe
(xi) Parietal Lobe
(xii) Temporal Lobe
(xiii) Occipital Lobe
Draw Figure 12.12 (p.400)
	Cortex of the Cerebrum
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THE PERIPHERAL NERVOUS SYSTEM (PNS)

The peripheral nervous system includes the nerves that lead into and out of the central nervous system.  The PNS consists of two (2) divisions:

(i) Autonomic Nervous System (ANS)

(ii) Somatic Nervous System (SNS)

(i) The autonomic nervous system is not consciously controlled. The autonomic nervous system affects various organs in the body such as the heart, digestive tract, blood vessels, bladder, bronchi and eye.  Some functions such as breathing may work in conjunction with the conscious mind.  It is composed of (a) the sympathetic and (b) the parasympathetic nervous system.  

· The sympathetic nervous system mainly controls organs in times of stress (fight or flight).   This results in increases in the heart rate and breathing rate.  Blood sugar is released from the liver to provide energy.  

· The parasympathetic nervous system is considered complementary to the sympathetic nervous system and is called “rest and digest”.  It functions with actions that do not require immediate attention.  It will also operate after a threat in which the nerves cause the heart rate and the breathing rate to slow. 

(ii) The somatic nervous system is under conscious control.  It is made up of sensory nerves that carry impulses from the sense organs to the CNS.  It is also composed of motor neurons that transmit the commands of the CNS to the muscles.  The somatic nervous system will also involve reflex actions that are not under conscious control.

	Draw a Flow Chart to Illustrate the Divisions of the PNS
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The Nervous System and Homeostasis

The nervous system is responsible for receiving information from internal and external stimuli and the quick response to that information.  Four requirements are necessary for the nervous response to occur:

1. sensory receptors to detect stimuli (skin, eye and ear)

2. method for impulse transmission (neuron)

3. interpretation and analysis of impulses (brain, spinal cord)

4.   response carried out by the effector (muscle, gland)

STRUCTURE AND FUNCTION OF THE NEURON

The CNS and the PNS are both composed of a series of interconnected neurons.  The PNS is comprised of numerous neurons held together by connective tissue and are called nerves. However, ninety percent of the body’s neurons are found in the CNS.  Neurons can survive for a hundred years and normally do not divide after adolescence. The parts of the neuron are as follows:

(i) Cell Body: Contains a large, centrally located nucleus and a large nucleolus.  The cytoplasm contains many mitochondria and lysosomes. It also contains Golgi bodies and rough endoplasmic reticulum.

(ii) Dendrites: Are the primary site for receiving information signals from other neurons. They are branched extensions of the cell body.

(iii) Axon: This is a long, cylindrical extension of the cell body. It may range from 1mm to 1m in length.  It will transmit waves of depolarization when receiving an impulse that is strong enough.

(iv) Axon Terminal: This is the bulb-like extensions of the axon. It is responsible for releasing neurotransmitters that neighbouring neurons or muscles.

(v) Myelin Sheath (Schwann cells and nodes of Ranvier): Myelinated nerve cells are found in the CNS and PNS in which speed is important.  The Schwann cells (oligodendrocytes in CNS) line the length of the axon in the PNS. The myelin sheath is a fatty layer that formed by the Schwann cell that wraps around the axon. The gap between each Schwann cell is called the node of Ranvier. The axon is exposed in this gap and allows the impulse to jump from one node to the next, thereby increasing the wave of depolarization to 120m/s.

Schwann cells are capable of enabling neurons to regenerate themselves in situations where damage is not severe in the PNS.

	Draw Diagram of Neuron


	Draw Diagram of Schwann Cell


NEURON FUNCTION

Recall, the brain makes up only 2% of the body weight (roughly 3 pounds) but contains 15% of the body’s blood supply and consumes 20% of the body’s glucose and oxygen supply.  The brain, itself contains over 100 billion neurons that develop interconnections and rely upon an internal hormone system.  

The nerve cell relies strictly upon aerobic respiration which means it requires a constant supply of oxygen and glucose.  The mitochondria in the cell use oxygen and glucose to produce ATP.  ATP releases energy during its breakdown into ADP.  The energy released by ATP is used to fuel the active transport of sodium and potassium across the cell membrane.

TYPES OF NEURONS

(i) Sensory Neuron: Takes information from the sensory receptor (ie pain receptor) to the CNS.

(ii) Motor Neuron:  Takes information from the CNS to the effector (ie. gland, muscle fibre).  

(iii) Interneuron: Receives information from other interneurons, sensory neurons, and exchanges information among neurons in the CNS.  Found only in the CNS.  Consider to be the link between sensory neurons and motor neurons in the reflex arc.
	Draw Diagram for Impulse Travel from Neuron to Neuron
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REFLEX ARC

The sensory neuron, interneuron and motor neuron are all involved in the reflex arc.  In a reflex, our bodies react before our brain is aware of the stimulus.  For example, if we touch a hot object the nerve endings in the skin are stimulated.  These nerve endings are the dendrites of the sensory neuron and require a strong stimulus to activate it.  The impulse travels along the sensory neuron to the spinal cord where the signal is passed along to the interneuron.  The interneuron sends an impulse to the motor neuron.  When stimulated, the motor neuron causes muscles to contract and move the body away.  This reflex action is involuntary (but part of the somatic nervous system).  The interneurons will then send a message to the brain, making the brain aware of what happened.

	Draw Diagram of Reflex Arc (p.396)


LAB ACTIVITY: The Nervous System and Reflex Responses p. 396-7.

Complete Problem, Materials, Procedure, Observations and Questions #’s 1-8.  To be submitted and marked.
The Functioning of the Neuron

Textbook Reference: Section 12.2

When there is no activity, then the neuron is considered to be at rest.  When an impulse is transmitted along a neuron, a wave of depolarization is transmitted along the axon. After the impulse has passed along a section of the neuron, the process of repolarization will occur and the neuron will return to rest.

The waves of depolarization and repolarization are primarily due to the movement of sodium (Na) and potassium (K) ions. There are specialized channels or gates within the cell membrane to allow for the movement of Na+, K+, and Cl-.  There are larger negative anions that remain trapped in the cell.

1.  Neuron at Rest

· At resting potential, the outside of the neuron is positively charged relative to the inside.  Potential energy is stored by holding opposite charges apart.

· Outside the cell, the Na+ ion concentration is high and the K+ ion concentration is low.   The Cl- concentration is relatively high outside also.  

· Inside the cell, the K+ ion concentration is high and the Na+ ion concentration is low.  There are also negatively charged anions that include proteins, amino acids, phosphates and sulfates that contribute making the overall charge inside negative.

· At rest, the membrane is 50 times more permeable to K+ ions than to Na+ ions.  The potassium ions can freely flow out of the cell but the sodium ions can not flow into the cell.

· The sodium/potassium pump, found within the cell membrane, will help maintain the resting potential by actively transporting three Na+ ions from the inside of the cell to the outside and two K+ ions from the outside of the cell to the inside.  This also works to increase the negative charge on the inside of the cell.

At resting potential, the difference in charge is –70mV.

	Diagram for Resting Potential




2.  Depolarization
· If an electrical stimulus is strong enough, a wave of depolarization will be sent along the length of the axon.  This is known as the all-or-none response.  The threshold potential is believed to be –50mV.

· During depolarization, a stimulus causes the gates of the Na+ ions open. (The Na+ channels are voltage gated which means adjacent depolarization causes them to open). Na+ ions will move into the axon and reverse the polarity on the axon.  The inside of the neuron becomes positive while the outside of the neuron becomes negative.

· This change in charge is known as the action potential (nerve impulses are action potentials).  As depolarization occurs at one point of the axon, it will initiate depolarization of the neighbouring part of the cell so that a wave will continue along the axon.

	Diagram for Depolarization




3.  Repolarization
· Immediately after depolarization has occurred, the K+ channels open and the Na+ channels close.  This allows K+ ions to move out.  This repolarizes the cell so that it is positively charged outside due to the increase in K+ ions on the outside.

· The sodium/potassium pump actively transports Na+ ions out of the cell and the K+ ions into the cell again and re-establishes the ion distribution for resting potential.  

The time between the triggering of an impulse along an axon and when it is available for the next impulse is called the refractory period.  This period is approximately 0.001s.
	Diagram for Repolarization



Action Potential in a Neuron

[image: image1.emf]


Image taken from: georgeandmindy.blogspot.com/2007/10/refractor...
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Neurotransmitters are chemicals secreted by neurons which stimulate (or inhibit) motor neurons or neurons of the central nervous system.  A wave of depolarization is carried across a presynaptic neuron until it reaches the bulb-like ends of the axon. The end of the axon contains the neurotransmitter in its vesicles.  Depolarization causes the calcium gates to open and trigger the release of the neurotransmitter through exocytosis.  

The neurotransmitter diffuses between the synapse of the terminal end of the axon of the presynaptic neuron and the dendrites of the postsynaptic neuron.  The excitory response involves opening the sodium gates to trigger a wave of depolarization. The inhibitory response will open chloride channels to make the neuron more negative inside and raise the threshold of stimulus.  

The dendrites of the postsynaptic neuron have specialized receptor sites to which the neurotransmitter will attach.  The neurotransmitter will then either excite or inhibit the neuron.  Once a neurotransmitter has attached to the receptor site of the postsynaptic neuron, (i) an enzyme may be released from the presynaptic neuron to break down the neurotransmitter or (ii) the neurotransmitter may be reabsorbed into the vesicles of the axon terminal.

Some neurotransmitters are excitory and include acetylcholine, norepinephrine (noradrenaline), glutamate, serotonin and dopamine.  Other neurotransmitters are associated with relaxation such as GABA, dopamine and serotonin.  Many neurotransmitters can have multiple functions.  

Types of Neurotransmitters

(i) Acetylcholine: Can be both excitory and inhibitory. Involved in learning, mood and memory in the CNS. In the PNS it will stimulate skeletal muscles (somatic) but inhibit cardiac muscles (parasympathetic).  Cholinestearase is a substance that will break down acetylcholine.  Under supply from deteriorating neurons linked to Alzheimer’s disease.

(ii) Noradrenaline (norepinephrine): primary neuron in the sympathetic nervous system (stress).  Can increase heart rate and glucose.  Reduced levels are linked to depression.

(iii) Glutamate: Used in the cerebral cortex and accounts for 75% of excitory transmissions in the brain.  Oversupply can stimulate brain, producing migraines and seizures. (This is why some people avoid MSG in food.)

(iv) GABA (Gamma aminobutyric acid): Common inhibitory neurotransmitter in the brain.  Undersupply linked to seizures, tremors and insomnia.

(v) Dopamine: Can be both excitory and inhibitory .  Elevates mood, controls skeletal muscles and affects sleep, cognition, attention and learning.  Involved in the reward system that regulate behaviour by inducing pleasurable effects.  Lack of is linked to Parkinson’s disease and increase is linked to schizophrenia.  Many drugs like cocaine operate by affect dopamine receptors in the brain.

(vi) Serotonin: Can be both excitory and inhibitory.  Involved in sleep/wake cycle, mood, thermoregulation, attention and learning. Reduced levels linked to depression.  ProzacTM is an antidepressant commonly prescribed enhance the action of serotonin.

Drugs

 1.  Stimulants can speed up body activity, increase energy and confidence but create problems such as paranoia and heart damage.  Amphetamines (uppers) are stimulants that bind to certain receptors and create excitement followed by depression.  

Caffeine can make you more alert and boost your energy.  Higher doses of caffeine can cause anxiety, dizziness, headaches, the jitters, irritability and sleeplessness.  Caffeine can cause the body to lose calcium and can lead to osteoporosis.  If you stop using caffeine, it can result in withdrawal symptoms. Caffeine can aggravate heart problems or interact with some medications. 

Two weeks of ecstasy use can deplete up 90% of the body’s serotonin and long term use can lead to permanent changes in the neurotransmitter supply. There may permanent damage to the brain’s ability to think and store memories, as well as psychosis.   Death can result from severe dehydration and heat exhaustion, abnormal heart rate and liver failure.  

Cocaine is a powerful drug that comes from the leaves of the coca bush grown in South America. It is a white powder that is inhaled through the nostrils but it can also be injected.  It produces a short-lived high that is followed by intense feelings of depression, irritability, and craving for more of the drug.  More serious risks include psychiatric symptoms including psychosis, anxiety, depression and paranoia. 

Nicotine is highly addictive and increases a smoker's risk of lung cancer, emphysema, and bronchial disorders. The carbon monoxide increases the chance of cardiovascular diseases.  In the bloodstream, nicotine stimulates the adrenal glands to release the adrenaline. Adrenaline stimulates the CNS and increases blood pressure, respiration, and heart rate. Glucose is released into the blood while nicotine suppresses insulin output from the pancreas, which means that smokers have chronically elevated blood sugar levels.  Like cocaine, heroin, and marijuana, nicotine increases levels of dopamine, which affects the brain pathways that control reward and pleasure. 

RitalinTM is a mild CNS stimulant that affects chemicals in the brain and nerves that contribute to hyperactivity and impulse control. Taking high doses of a stimulant such as Ritalin can result in an irregular heartbeat, dangerously high body temperatures, cardiovascular failure or seizures. High doses repeatedly over a short period of time can lead to hostility or feelings of paranoia in some individuals.

2.  Depressants slow down body activity so that an individual feels more relaxed and in less pain. A concern about depressants is that there is reduced coordination and judgement.  Barbituates (downers) block the formation of norepinephrine and cause depression.  

ValiumTM is a tranquilizer and falls in a group of drugs called benzodiazepines. It can increase the level of GABA to help alleviate anxiety.  It can be used to relieve muscle spasms. It can be habit-forming and there are concerns about the sedative properties.  

Alcohol reduces the levels of serotonin and dopamine thereby acting as a depressant. It can reduce brain activity and lower inhibitions.  It can also impair judgment.  At higher doses alcohol is toxic. It may result in vomiting, stupor, behavioural changes, and major impairment of the CNS, followed by dehydration and headache. At high doses, alcohol can kill you by shutting down respiration or stopping your heart.   Alcoholism is a medical condition. Susceptibility to it may be inherited. A predisposition to alcoholism may include having a psychiatric condition such as schizophrenia, depression, or anxiety disorders. Additional risk factors include poverty, social isolation, and shyness.
3.  Hallucinatory drugs such as LSD interfere with serotonin when it acts as an inhibitory neurotransmitter.  Other hallucinatory drugs include magic mushrooms and ecstasy. Marijuana is a mixture of dried, shredded flowers and leaves of the hemp plant (Cannabis Sativa).  Its use can range from feelings of calm and happiness to feeling silly and giddy or paranoid and anxious. Heavy or daily use of marijuana affects the parts of the brain that control memory, attention, and learning.  It also can be addictive; in fact the treatment for addiction in teens is higher that all other street drugs combined.  Long term use can cause cancer, weakened immunity and increase risk of depression, anxiety and schizophrenia. 

4.  Analgesics are substances that provides relief from pain. Mild analgesics, such as the many brand-named preparations of aspirin are relatively harmless. Analgesic drugs of abuse are far stronger than this and are all powerful pain killers. Some are refined from an extract obtained from opium poppies (Papaver somniferum) and are classed as "opiates" and some are produced by chemical synthesis. 
Opiates include Opium itself, which is the resin obtained from the seed pod of the opium poppy, along with Morphine, Heroin and Codeine. These can all be produced from raw opium by fairly simple chemical processing. 

OxyContin ® is in a group of drugs called narcotic pain relievers.  OxyContin ® is designed to be swallowed whole but abusers may chew the tablets or crush the tablets either snorting the powder or dissolve in water and inject it. Abuse will cause respiratory depression and long term use may cause heart attack.  It is highly addictive.

5.  Many drugs and poisons affect the activity of chemical transmitters at synapses.  Nerve gas (curare), botulin toxin (Botox) and some insecticides interfere with the functioning of acetylcholine and cause muscle paralysis.  Death will occur if the muscles of the respiratory system are affected.  

6.  Anesthetics are drugs that affect the CNS.  Local anesthetics (lidocaine, cocaine) numb a small area of the body and block the passageway of nerve impulses from the skin to the brain.  They do this by disrupting the sodium channels.  General anesthetics are used in major surgery so that the patient is unconscious and feels no pain.  For example, ether gas is used to alter brain function by altering proteins in the cell membrane.  Barbiturates enhance GABA to reduce brain activity.  Nitrous oxide (laughing gas) is an example of an inhaled anesthetic.

Disorders of the Nervous System

Textbook Reference: Section 12.2

	Disorder
	Multiple Sclerosis

	Causes
	

	Symptoms
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	Prognosis
	


	Disorder
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	Disorder
	Parkinson’s Disease

	Causes
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	Disorder
	Meningitis
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	Disorder
	Huntington’s Disease
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Stroke and Spinal Cord Injury

Textbook Reference: Section 12.2

Most neurons are incapable of reproducing themselves.  This is why stroke and spinal cord injury are difficult to treat.  If part of the brain is damaged, the functions of the damaged section of the brain may be taken over by other parts of the brain.  The patient can recover in time with rehabilitation.  If the spinal cord is damaged, it will lead to some form of paralysis.

A stroke may be caused by either (i) a clot that has traveled to the brain or (ii) an aneurysm in which a blood vessels breaks in the brain.  In the case of a blockage, a lack of oxygen to the brain causes a portion of the brain to die.  Clot busting drugs can be used within three hours to help dissolve the clot.  For individuals at risk, aspirin may be prescribed to reduce the stickiness of platelets and therefore prevent a clot from forming.  

An aneurysm is an abnormal widening or ballooning of a portion of a blood vessel that may weaken over time and burst. If an aneurysm ruptures, 40% of the people die within the first month. One-third may be left with long-term memory problems and have difficulty in thinking, perception, and performing simple daily activities. There is believed to be a genetic predisposition.  Smoking, alcohol consumption, and high blood pressure are some of the risk factors.  A warning may be a severe headache.  There may be a warning headache several weeks before. Treatment may include either a (i)surgical clip or placing a (ii) coil to remove the aneurysm from your blood circulation system and eliminate the risk of further problems.
A gene called Nogo has recently been discovered that inhibits spinal cord regeneration.  The purpose of the protein produced by Nogo is to prevent the uncontrollable growth of tissue. It is hope that understanding the gene sequence of Nogo can lead to drug therapies that aid in the regeneration of nerve cells in the case of spinal cord injury or multiple sclerosis. 

It has also been discovered that as many as 200 new neurons per cubic millimetre were found in the brains of cancer patients.  It is believed that these new neurons arose from stem cells that exist in the tissue of adult brains. Greater understanding of these stem cells could translate into improved treatments for nervous system injuries and a variety of nervous system disorders.
NOTE :  Nerve cells that possess Schwann cells can regenerate themselves if the damage is not severe.  If a neuron is cut, the severed end of an axon can grow a number of extensions.  The original axon can grow a regeneration tube.  If one of the extensions of the severed end of the axon connects with the regeneration tube the axon can reform itself. 

Modern Diagnostic Tools

Textbook Reference: Section 12.1

(i) MRI (Magnetic Resonance Imaging)

· Does not use potentially harmful radiation like X-rays and CAT scans.

· Useful in examining soft tissues such as the brain and spinal cord.

· The patient lies in a large, hollow, cylindrical magnet.  This magnet is many times more powerful than the magnetic field of the earth.

· Under the influence of the magnetic field the protons of hydrogen atoms in the body line up parallel to each other.  The atoms have entered a high-energy state and are unstable.  

· A strong pulse of radio waves is used to knock the protons out of alignment.  As the protons realign themselves, they return to a low energy state and they produce radio signals that the computer converts into a 2D or 3D image.

· The intensity of these signals or waves is proportional to the concentration of hydrogen atoms present in the area scanned.  This concentration differs in different organs and in tumors.

· A computer maps the intensity differences that correspond to the various organs and to any abnormalities.  This allows doctors to image vital organs, identify tumors, and detect early signs of disease.

· Expensive but they often eliminate the need for exploratory surgery and harmful X-rays.

(ii) CAT Scan (Computerized Axial Tomography)

· Is used to obtain images of virtually every part of the body.  A cross-sectional view can be provided.

· A scanner moves around the patient’s body, emitting and recording x-ray beams at many different angles.  It uses multiple beams and measures the degree of absorption.  

· The data is analyzed by a computer and will produce 2D and 3D images on a screen.  Images are artificially colored by a computer.

· The CAT Scan produces a detailed, high contrast view of the body’s internal structures.  It may reveal disorders such as brain tumors that might otherwise be difficult to diagnose.  Furthermore, the use of the CAT Scan has allowed doctors to discover aspects of the brain structure and function that were previously unknown.

 (iii) EEG (Electroencephalogram)

· Records the minute electrical impulses produced by brain activity and provides a printout.

· Monitors the condition of patients during surgery.  Can be used to determine brain death.

· Can diagnose disorders such as brain tumors and epilepsy. 

· Studies brain activity during sleep to help doctors diagnose and understand sleep disorders

(iv) PET Scan (Positron Emission Tomography)

· Utilizes radiation emitted from the patient to develop images. Each patient is given a small amount of a radioactive pharmaceutical. 

· Identifies which areas of the brain are most active when the subject performs certain tasks.

· Examine brain abnormalities, such as tumors, memory disorders and seizures 
· Maps normal human brain and heart function.
· Measures important body functions, such as blood flow, oxygen use, and glucose metabolism, to help doctors evaluate how well organs and tissues are functioning. 

· Combined PET/CT scans provide images can work better than alone.
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