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Nervous System Wrapup: Important page refs: Aud 668, 673 679 (34-8), 681 (34-11), 683, 770

The Senses:

Receptors for Stimuli:

Mechanoreceptors respond to movement, pressure, and tension.

Photoreceptors respond to variations in light.

Chemoreceptors respond to chemicals.

Thermoreceptors respond to changes in temperature.

Pain receptors respond to tissue damage.

Sense Organs:
Eyes, ears, nose, mouth, skin and The Senses they mediate:

Hearing and Balance: These are mediated by the auditory canal and the inner ear, respectively.  The tympanum, or eardrum, receives air vibrations and turns them into sounds that you hear by vibrating 3 small bones of the middle ear (hammer, anvil, stirrup). These vibrations are then carried to the cochlea, which is lined with small hairs that vibrate to create sounds audible to you.  Mechanoreceptors in the semicircular canals of the inner ear are connected to tiny hairs lined with calcium carbonate that bend depending on what position you are in.  Your body perceives three dimensions, and damage to the inner ear can cause dizziness or vertigo.

Vision: The eyes are very specialized to receive types of light, and enable us to respond effectively to our environments.  The retina is a screen at the back of the eye that receives and integrates the light.  Rods perceive light intensity and contrast (black and white) while cones perceive colors; both are photoreceptor cells.  The light is focused and channeled by the lens after it passes through the pupil—an aperture, the width of which is controlled by the iris.  The cornea encloses your eyeball externally.  At the rear of the eye is the optic nerve, which delivers visual info from retina to brain.

Taste and Smell: Chemoreceptors are on the taste buds of the tongue.  They perceive tastes such as sour, sweet, salt and bitter in tandem with the information from olfactory chemoreceptors of the nose.  The nose smelling food is ultimately why you are able to perceive such a wide range of tastes and flavors.  It is also why a bad head cold makes you essentially unable to taste nuances in your food. 

Other Senses: Responses to Temperature extremes and pain are also critical for organism survival.

Important organs summarized: eye is for sight (rods and cones mediate), tongue is for taste, pain  and touch are mediated all over, ear/inner ear are for hearing and balance, nose is for smell.

Memory and Behavior:

Memory: Neural nets hardwire memories, memory is less effective than synthesis, temporal lobes are important in general recall, hippocampus is involved in long term memory, nerve cells live a long time, nerve cells can be severed or die, but can regenerate under certain conditions.

Behavior: Instinct (born with) versus learned (based on experience and repetition): Innate behaviors require no experience, while learned behaviors are based on experience.  For example, rage, memory, and attention are connected.  Conditioning and habituation drives us to form complex behaviors.  Behaviors arise from both nature (genes) and nurture (environment).  Sex drive, for example, motivates a learned behavior, with stages that consist of courtship (typically male advances to female), acceptance by female, and then the copulation act itself.

Drugs (General categories: Stimulatory/Uppers and Inhibitory/Depressant/Downers):

Introduction: This is just a list of the chemical and common names for some prescribed and street drugs.  This list is only for reference (NOT TO GIVE YOU ANY IDEAS!!!!), but also to give you a sense of the scope and effects of these harmful substances upon the body.  Drugs are VERY risky!
Mechanism: Stimulatory drugs like cocaine work in the following way: postsynaptic neurons compensate for increased levels of excitatory neurotransmitters, reducing available receptors.  The drug is then required to maintain the “right” or consistent levels of stimuli.  This particular mechanism drives habituation.  Not all drugs are addictive in precisely this manner.  Most are lethal in even small amounts, all impair judgment, and all drugs are lethal if overdosed.

Stimulants: Caffeine, Nicotine, Cocaine, Amphetamines, Opiates, Psychedelics, Antidepressants

Depressants: Alcohol, Barbiturates/Benzodiazepines/Tranquilizers, Inhalants, Cannabis (Marijuana)

Cocaine: from the coca plant, its legitimate medical use is as an anesthetic.  Unfortuntely, its abuse desensitizes postsynaptic neurons, causing a buildup of dopamine in the brain, causing an extreme “high”.  It is also known as “blow”, “snow”, and a very pure form is referred to as “crack”.

Nicotine: The active addictive substance in tobacco cigarettes, it stimulates cholinergic receptors.  The  perception that smoking calms people down is false; it increases blood pressure and stimulates acetycholinergic receptors.  The toxins in cigarette smoke essentially kill people over time.  The dermal “patch” is an effective way to reverse this addiction, which is among the strongest in humans.

Amphetamines/Uppers/Dexies (Including Methamphetamine, Ecstasy, Diet Pills, and Ritalins): This class of drug causes tremendous buildup of dopamine and/or serotonin in the brain, and results in desensitization to them, resulting in feelings of extreme high, racing heartbeat, bordering on euphoria/hallucination if abused.  Diet pills can be called “speed” or “dexies”; Ecstasy is commonly called “X” or “E”; Methamphetamine can be called “speed”, “crank”, or crystal “meth”.

Opiates (Narcotics including morphine, codeine, heroin, methadone, oxycodone, endorphins): These drugs, all derived from extracts of the opium poppy, serve to suppress pain (analgesic effect) by stimulating what are called mu (pronounced “meew”) adrenergic receptors; these drugs also cause a postsynaptic desensitization.  In small amounts, they and derivatives are used widely as prescription pain killers (like Percoset, Vicodin, Oxycontin), but they are easily abused and highly addictive.  

Psychedelics (Peyote, mescaline, PCP, and LSD, including MDMA/Ecstasy): These are extreme stimulants derived from the peyote cactus extracts, the effects of which were discovered by Native Americans.  They work by binding serotonin receptors on the postsynaptic membrane, and they create dramatic feelings of otherwordly hallucination.  Lysergic acid dimethylamide is referred to as “LSD”.  PCP or phenycyclidine is commonly called “angel dust”. The chemical name for Ecstasy is MDMA or 3,4 methylenedioxymethamphetamine.  Mescaline & peyote are active ingredients in “mushrooms”.

Antidpressants: Prozac belongs to a class of compounds called Selective Serotonin Reuptake Inhibitors (SSRI)—they increase serotonin levels and decrease postsynaptic serotonin receptors; mechanism of alleviating depression is unclear.  Monoamine oxidase inhibitors (MAOI) break down noradrenaline and serotonin, inhibiting the presynaptic release of serotonin.  Tricyclics and Tetracyclics block noradrenaline and serotonin reuptake. Bupropion blocks noradrenaline reuptake.

Alcohol: Beverage alcohol or ethanol is without doubt the most widely used drug in the world.  Because it is easily available and legal, it is also easily abused.  It acts as a sedative by binding GABA receptors, and makes people feel good because it impairs their senses and lifts inhibitions, alleviating anxiety.  It ultimately impairs judgment and motor skills, and can cause loss of consciousness.

Barbiturates/Downers/Bennies (also Benzodiazepines, Tranquilizers, and Sleeping pills):  Similar to alcohol, barbiturates depress the reticular formation and have a sedative effect because they bind GABA receptors and in turn make the postsynaptic neuron less likely to fire. Benzodiazepines are considered minor tranquilizers (ie Valium and Xanax) and bind dopamine receptors.  Barbiturates can act additively or synergistically with alcohol, producing a huge (and often lethal) depression in body function.  People can easily become habituated to and dependent upon them.  People often become dependent upon both downers and uppers to function because of the extremes both cause in mental alertness.  If on uppers, one cannot easily sleep.  If on downers, one cannot easily wake from rest.

Inhalants (Hydrocarbon Anesthetics): also bind GABA receptors, and decrease postsynaptic neuron sensitivity.  Ethers and Butanes (lighter fluid) are examples.  They are a quick high that can turn lethal. 

Marijuana: The active ingredient in marijuana plant Cannabis sativa is delta-9-tetrahydrocannabinol (THC)—it binds to postsynaptic receptors called CB1 and CB2 receptors in the CNS and PNS, respectively.  It produces drowsiness and relieves pain, but in high doses can have a psychedelic effect.  While tolerance/habituation to THC has not been documented, the smoke of a marijuana cigarette can cause extensive lung damage, and the mind-altering effects can severely impair judgment.  Marijuana is commonly called “pot”, “weed”, “grass”, “Mary Jane”. Its stronger form is called hashish, or “hash”.

Conditions, Nerve Damage, Brain Damage, Diseases affecting the senses, Mental Illness:

Vertigo/Dizziness/Motion Sickness: This is a feeling of imbalance, and can be accompanied by nausea.

Concussion: Brain is bruised internally upon skull injury; can induce coma/permanent unconsciousness

Sleep Deprivation: This is why Dr. Ned sometimes makes mistakes grading papers or saying words! (
Asphyxia/Fainting: Lack of oxygen to the brain, can result in temporary unconsciousness.

Stroke: Blood clot prevents O2 from reaching brain.; Aneurism: Blood clot in the brain. Both serious!

Paralysis (Quadruplegia, Paraplegia): due to brain or spinal cord injury; loss of sensory/motor skills.

Brain Tumors: many types and many zones can be affected: effects range from motor to behavioral.

Encephalitis: brain swells due to viral or bacterial infections that target CNS; cause permanent damage 

Epilepsy: Overfiring of brain neurons causes seizures or electrical storms in brain that can be deadly.

Blindness (Glaucoma, Macular Degeneration, Retinal Tear): lack of sight:various causes, some genetic

Deafness (Defect in cochlea—reverse w/implant): lack of hearing: various causes, some developmental

CJD/Mad Cow Disease: prion infection results in brain plaques & dementia; lengthy onset/presentation

Meningitis (Bacterial and Viral): targets CNS and PNS; contagious; lethal if untreated.

Autism: Cause unclear; range of severity; extreme social sensitivity and/or high intellect are possible.

Alzheimers/Dementia: amyloid plaques on brain destroy memory-containing neurons; ultimately lethal

Parkinsons: a serious tremor that results from the degeneration of dopamine-producing neurons (brain).

Amoeboid Dementia: Parasitic infection that targets the brain and causes behavioral extremes; is lethal.

Manic Depression/Bipolar Disorder: Most extreme form of mental illness/insanity. treatable sometimes

Schizophrenia: disorders including paranoia and hallucinations; genetic and environmental triggers.

Attention Deficit/Hyperactivity: extreme energy/lack of focus; strangely, uppers are the treatment!

Compulsion/OCD: repetitive behaviors/“checking” combined with extreme worry.  Treatable/trainable.

Mental Retardation (either genetic or injury-related): Measurable loss of/delay in cognitive function.

Brain Damage (at-birth/developmental, injury-related): can have a range of effects: motor to behavioral

Meningitis: 2 kinds; bacterial and viral; inflammation of meninges around brain, can be fatal

Poliomyelitis: viral infection affects spinal nerves; Salk (injected)/Sabin (oral) vaccines will eradicate.

Cerebral palsy: partial paralysis at birth caused by damage to motor areas of brain.

ALS: Amyotrophic lateral sclerosis: Lou Gehrig’s: autoimmune, chronic demyelination of neurons

Tay Sachs: Genetic disease overmyelinates neurons, causing loss of motor skills at birth; lethal: age 5

MS: Multiple Sclerosis: cause unclear: believed to be autoimmune; attacks CNS/neuron function.

Some CNS poisons: lead & mercury cause delay/dementia; venom & botulism toxin cause paralysis.


