2012 ANATOMY–TRAINING HANDOUT
KAREN L. LANCOUR  
National Rules Committee Chairman – Life Science   

DISCLAIMER - This presentation was prepared using draft rules.  There may be some changes in the final copy of the rules.  The rules which will be in your Coaches Manual and Student Manuals will be the official rules. 
· BE SURE TO CHECK THE 2012 EVENT RULES for EVENT PARAMETERS and TOPICS FOR

 EACH COMPETITION LEVEL
TRAINING MATERIALS:

· Training Power Point presents an overview of material in the training handout
· Training Handout  presents introductory topic content  information for the event
· Sample Tournament   has sample problems with key  

· Event Supervisor Guide  has event preparation tips, setup needs and scoring tips
· Internet Resource & Training Materials are available on the Science Olympiad website at

www.soinc.org under Event Information. 

· A Biology-Earth Science CD as well as the Division B and Division C Test Packets are available


from SO store at www.soinc.org
BASIC ANATOMY (STRUCTURE AND FUNCTION) 
· Respiratory System 
· Digestive System (new) 
· Major diseases 

· Treatment and prevention of diseases 
PROCESS SKILLS - observations, inferences, predictions, calculations, data analysis, and conclusions.
Respiratory System 

FUNCTIONS: 
· Provides oxygen to the blood stream and removes carbon dioxide

· Enables sound production or vocalization as

 expired air passes over the vocal chords. 

· Enables protective and reflexive non-

 breathing air movements such as coughing and sneezing, to keep the air passages clear

· Control of Acid-Base balance

· Control of blood pH 
PROCESSES: a collective term for the following processes:
Pulmonary ventilation - movement of air into the lungs (inspiration) and movement of air out of the lungs (expiration) 
External respiration - movement of oxygen from the lungs to the blood and movement of carbon dioxide from the blood to the lungs 
Transport of respiratory gases -Transport of oxygen from the lungs to the tissues and transport of carbon dioxide from the tissues to the lungs 
Internal respiration - Movement of oxygen from blood to the tissue cells and movement of carbon dioxide from tissue cells to blood 
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PRINCIPAL ORGANS OF THE RESPIRATORY SYSTEM
Nose 

Functions 


Provides an airway for respiration 

Moistens and warms entering air 

Filters and cleans inspired air 

Resonating chamber for speech 

Detects odors in the airstream 

Anatomical features 


Vibrissae (guard hairs) – stiff hairs that filter large particles from the air 


Nasal cilia – hair-like projections that propel trapped particles towards the throat for digestion by digestive enzymes 


Capillaries - rich supply of capillaries warm the inspired air 


Nasal conchae – folds in the mucous membrane that increase air turbulence and ensures that most air contacts the mucous membranes 


Olfactory mucosa – mucous membranes that contain smell receptors 


Respiratory mucosa – pseudostratified ciliated columnar epithelium containing goblet cells that secrete mucus 


Mucus - Stickiness traps inhaled particles and Lysozyme kills bacteria 


Lymphocytes and IgA antibodies - protect against bacteria 

Pharynx (throat) 

Three regions of the pharynx 


Nasopharynx – air passage (pseudostratified columnar epithelium) 


Oropharynx – passageway for air, food, and drink (stratified squamous epithelium) 


Laryngopharynx – passageway for air, food, and drink (stratified squamous epithelium) 

Larynx (voice box) 

Functions 


Keeps food and drink out of the airway 


Sound production 


Acts as a sphincter during abdominal straining (ex. During defecation and heavy lifting) 

Anatomical features: 


Nine c-rings of hyaline cartilage form the framework of the larynx 


Muscular walls aid in voice production and the swallowing reflex 


Glottis – the superior opening of the larynx 


Epiglottis – prevents food and drink from entering airway when swallowing 


False vocal cords – aid in closing the glottis when swallowing 


True vocal cords – produce sound when air passes between them 


Note:  The shorter and thinner these membranes are, the faster air moves over them – produces high pitched sounds while the longer and thicker these membranes are, the slower air moves over them – produces low pitched sounds 

Trachea (windpipe) 

Functions 

Air passageway 

Cleans, warms, and moistens incoming air 

Anatomical features 


Rings of hyaline cartilage – reinforce the trachea and keep it from collapsing when you inhale 


Ciliated pseudostratified epithelium – traps inhaled debris and propels mucus up to the pharynx where it is swallowed 
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Bronchi 

Function 


Solely an air passageway 

Anatomical features 


Left and right primary bronchi branch off from trachea Once the left and right primary bronchi enter the lungs they are subdivided into smaller tubes: 


Secondary bronchi (one for each lobe) → tertiary bronchi → bronchioles → terminal bronchioles → respiratory bronchioles → alveolar ducts → alveolar sacs 


Alveolar sacs are clusters of alveoli -

the site of gas exchange 

Cell populations present in alveoli 


Type I alveolar cells – allow for diffusion of gases (simple squamous epithelia) 


Type II alveolar cells – secrete surfactant (simple cuboidal epithelia) 


Dust cells – alveolar macrophages (leukocytes) 

Other tissue types present in the alveoli 


Smooth muscle rings aid in resistance to air flow 


Elastic connective tissue fibers aid in expelling air from the lungs 

Lungs 

Left Lung: Divided into 2 lobes; Smaller than the right lung because the cardiac notch accommodates the heart 

Right Lung:  Divided into 3 lobes 


Note:  Each lobe is separated by connective tissue and has its own arteries and veins which 

allows for compartmentalization, esp. when portions of the lungs are diseased. Serous membranes cover the entire surface of the lungs and produce pleural fluid which enables the lungs to expand and contract with minimal friction 
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MECHANISM OF PULMINARY VENTILATION
Two phases of Pulmonary Ventilation – involves diaphragm, Intercostal muscles, Pectoralis minor muscle and the gas laws. 
Physiology of Pulmonary Ventilation & the Gas Laws 


Airflow is governed by basic pressure, flow, and resistance principles Atmospheric pressure  is the weight of the air is the force that moves air into the lungs. Boyle’s law - at constant temperature, the pressure of a given quantity of gas is inversely proportional to its volume. Charles’ Law - the volume of a given quantity of gas is directly proportional to its absolute temperature As the inhaled air is warmed, it expands and inflates the lungs. 

  Inspiration, or inhalation – a very active process that requires input of energy 



Air flows into the lungs when the thoracic pressure falls below atmospheric pressure. 



The diaphragm moves downward and flattens, when stimulated by phrenic nerves. External 
(inspiratory) intercostals muscles and thoracic muscles can be stimulated to contract and 
expand 
the thoracic cavity. 

  Expiration, or exhalation – a passive process that takes advantage of the recoil properties of elastic fibers.  Air is forced out of the lungs when the thoracic pressure rises above atmospheric pressure. The diaphragm and expiratory muscles relax. The elasticity of the lungs and the thoracic cage allows them to return to their normal size and shape. To exhale more than usual, internal (expiratory) intercostals muscles and other muscles can be stimulated. 

Physical factors influencing pulmonary ventilation 


Resistance to airflow 


Pulmonary compliance – the ease at which lungs expand.  Compliance can be reduced by degenerative lung disease, such as tuberculosis. 


Diameter of bronchioles – controlled by smooth muscle 


Bronchoconstriction – reduce airflow 


Bronchodialation  - increase airflow 


Alveolar surface tension – surfactant reduces the surface tension in the alveoli and keep them from collapsing during expiration. 


Neural control of pulmonary ventilation 
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Control centers in the brainstem 


Respiratory control centers – found in the pons and the medulla oblongata 


Control breathing 


Adjusts the rate and depth of breathing according to oxygen and carbon dioxide levels 


Afferent connections to the brainstem 


Hypothalmus and limbic system send signals to respiratory control centers 


Chemoreceptors in the brainstem and arteries monitor pH, oxygen, and carbon dioxide levels 


Vagus nerve (X) transmits sensory signals to the respiratory centers when irritated by smoke, dust, noxious fumes, etc. 


Inflation reflex – prevents the lungs from over-inflating 


Voluntary control – controlled by the motor cortex of the cerebrum 


Very limited voluntary control exists 

Patterns of Breathing 


Apnea – temporary cessation of breathing (one or more skipped breaths) 


Dyspnea – labored, gasping breathing; shortness of breath 


Eupnea – normal, relaxed, quiet breathing 


Hyperpnea – increased rate and depth of breathing in response to exercise, pain, or other conditions 


Hyperventilation – increased pulmonary ventilation in excess of metabolic demand 


Hypoventilation – reduced pulmonary ventilation 


Orthopnea – Dyspnea that occurs when a person is lying down 


Respiratory Arrest – permanent cessation of breathing 


Tachypnea – accelerated respiration 

Measures of Pulmonary Ventilation 

 
Respiratory Volumes– values determined by using a spirometer 


Tidal Volume (TV) – amount of air inhaled or exhaled with each breath under resting conditions 


Inspiratory Reserve Volume (IRV) – amount of air that can be inhaled during forced breathing in addition to resting tidal volume 


Expiratory Reserve Volume (ERV) – amount of air that can be exhaled during forced breathing in addition to tidal volume 

Residual Volume (RV) – amount of air remaining in the lungs after a forced exhalation.
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Respiratory Capacities – values determined by adding two or more of the respiratory volumes 


Vital Capacity – maximum amount of air that can be expired after taking the deepest breath possible (VC = TV + IRV + ERV) 


Inspiratory Capacity – maximum volume of air that can be inhaled following exhalation of resting tidal volume (IC = TV + IRV) 


Functional Residual Capacity – volume of air remaining in the lungs following exhalation of resting volume (FRC = ERV + RV) 


Total Lung Capacity – total volume of air that the lungs can hold (TLC = VC + RV) 

Dead space 


Anatomical dead space –areas of the conducting zone that contains air that never contributes to the gas exchange in the alveoli 


Alveolar dead space – alveoli that or collapsed or obstructed and are not able to participate in gas exchange
Pulmonary Function Tests - enable obstructive pulmonary disorders to be distinguished from restrictive disorders. 


Obstructive Disorders – do not reduce respiratory volumes, but the narrow the airway and interfere with airflow 


Restrictive Disorders – disorders that stiffen the lungs and thus reduce compliance and vital capacity 

DISORDERS AND DISEASES OF THE RESPIRATORY SYSTEM 
Chronic obstructive pulmonary diseases  (COPD) – long-term obstruction of airflow and a substantial reduction in pulmonary ventilation 

Asthma – allergens trigger the release of histamine and other inflammatory chemicals that cause intense bronchoconstriction 

Emphysema – alveolar walls break down and the surface area of the lungs is reduced 
Pneumonia – lower respiratory infection that causes fluid build up in the lungs 
Sleep apnea – Cessation of breathing for 10 seconds or longer during sleep 
Cystic Fibrosis – an inherited disorder that causes causes thick, sticky mucus to build up in the lungs 
Tuberculosis – pulmonary infection with Mycobacterium tuberculosis; reduces lung compliance 
Pulmonary edema – excess fluid in the lungs  
Pleurisy – inflammation of the pleura lining surrounding the lungs – very painful 
Lung cancer – malignancy of pulmonary tissue  
Hypoxia – deficiency of oxygen in a tissue or the inability to use oxygen 
Oxygen toxicity – excess oxygen, causing the build up of peroxides and free radicals 
Chronic bronchitis – cilia are immobilized and reduced in number; goblet cells increase their production of mucus → mucus clogs the airways and breeds infection 
Acute rhinitis – the common cold 
Laryngitis – inflammation of the vocal folds 
     INTERACTION OF RESPIRATORY AND MUSCULAR SYSTEMS:

The Intercostal Muscles and the Diaphram work together to allow breathing to occur. 

Effects of Exercise on Respiratory and Digestive System

    Respiratory System
· During exercise the muscle cells use up more oxygen and produce increased amounts of carbon dioxide. 
· The lungs and heart have to work harder to supply the extra oxygen and remove the carbon dioxide. 
· Your breathing rate increases and you breathe more deeply. Heart rate also increases in order to transport the oxygenated blood to the muscles.
· Muscle cell respiration increases - more oxygen is used up and levels of carbon dioxide rise.
· The brain detects increasing levels of carbon dioxide - a signal is sent to the lungs to increase breathing.
· Breathing rate and the volume of air in each breath increase - This means that more gaseous exchange takes place.
· The brain also tells the heart to beat faster so that more blood is pumped to the lungs for gaseous exchange.
· More oxygenated blood is gets to the muscles and more carbon dioxide is removed.


The Digestive System
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The digestive system includes the digestive tract and its accessory organs, which process food into molecules that can be absorbed and utilized by the cells of the body.  
Food is broken down bit by bit until the molecules are small enough to be absorbed and the waste products are eliminated.
The digestive tract is also called the alimentary canal and the gastrointestinal tract.  It consists of a long, continuous tube that extends from the mouth to the anus.  It includes the mouth, pharynx, esophagus, stomach, small intestine, and large intestine.  The tongue and teeth are accessory structures located in the mouth.  The salivary glands, liver, gallbladder, and pancreas are not part of the digestive tract, but are major accessory organs of the digestive system that play a role in the digestive process.  These secrete fluids into the digestive tract.
The Digestive System

Consists of the digestive tract (the alimentary canal and the gastrointestinal tract) and its accessory organs
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Continuous tube from mouth to anus consisting of: 

· Mouth 

· Pharynx 

· Esophagus

· Stomach 

· Small Intestine

· Large Intestines 

Accessory Organs – Secrete fluids into digestive tract 

· Salivary Glands 

· Liver

· Gallbladder

· Pancreas
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Digestive Process Involves:

Ingestion – intake of food 

Digestion – breakdown of food bit by bit into molecules small enough to be absorbed

    Mechanical Digestion – physical breakdown of food

    Chemical Digestion – chemical breakdown of 

    macromolecules to monomers 

Absorption – transport of productions into the blood  

Elimination (Defecation)  - elimination of undigested waste 

Movement of Materials – via peristalsis or alternating waves of contraction and relaxation of smooth muscles that move materials through the digestive tract 

Digestive Tract Organs - 
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Mouth: 
· Opens to outside to facilitate feeding

· Aids in preparation of food for digestion - foods are broken down mechanically into a bolus by chewing with saliva is added as a lubricant from the auxiliary saliva glands. Saliva contains amylase, an enzyme that digests starch
· Serves as an organ for speech and pleasure

· Includes 

· cheeks – form lateral walls of the oral cavity

· lips – help determine temperature and texture of food 

· tongue – aid in mixing food, help to manipulate food by pushing  food to teeth and moving  
food to pharynx for swallowing, have taste buds to sense chemical stimuli in food 

· palate – forms roof of the oral cavity 

· teeth – two sets of teeth: primary (baby teeth) and secondary (adult teeth)

      Types of teeth:    



Incisors (8) – for biting food 



Canines (4) - for grasping and tearing food



Bicuspids (8) – for grinding and crushing food



Molars (12) – for grinding food
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Esophagus: a simple tube between the mouth and stomach – peristalsis aides in swallowing the bolus of food from the mouth

Stomach
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· Enzymatic digestion of proteins initiated and foods reduced to liquid form.
· Wall of stomach is lined with millions of gastric glands – secrete 400 to 800 ml of gastric juice per meal 
· Several kinds of cells located in gastric glands with different functions
Parietal cells – produce hydrochloric acid (active transport is used to increase concentration of H+  ions in gastric juice) and intrinsic factor( binds vitamin B12 so it can be absorbed by the small intestine)
Chief cells – produce and secrete pepsinogen the precursor to the enzyme pepsin 

Mucus secreting cells – form mucus which protects stomach lining from hydrochloric acid 

Hormone secreting cells – produce hormone gastrin when food arrives  

· Absorption from the stomach – very little absorption occurs in the stomach – some water,

ethanol (quick effects of alcohol consumption),  drugs as aspirin (quick pain relief), and certain ions are absorbed  
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Small Intestine: 
· most of chemical enzymatic digestion occur
· almost all nutrients are absorbed

· Accessory glands – liver, gall bladder, and pancreas provide secretions to assist with chemical enzymatic digestion 
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Large Intestine: 
Colon:

· liquid residue – mainly water with undigested materal

· water is absorbed, 
· bacterial fermentation takes place 
· feces are formed.
Rectum: collects undigested waste 
Anus: expels undigested waste – muscles to control exit and prevent leakage. 
Accessory Organs 
Salivary Glands - secretes salivary amylase in saliva into the mouth for breakdown of starch 
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Liver: - provides bile salts to the small intestine, which are critical for digestion and absorption of fats. 
Gallbladder – stores bile 
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Pancreas: - provides digestive enzymes to the small intestine which are critical for digestion of fats, carbohydrates and protein. 

Chemical Digestion 
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DISORDERS AND DISEASES OF THE DIGESTIVE SYSTEM 
· Stomach and duodenal ulcers – open sores or lesions found in the stomach or duodenal lining - most ulcers (80 percent of gastric ulcers and 90 percent of duodenal ulcers) develop as a result of infection with a bacterium called Helicobacter pylori (H. pylori).
· Cancers of the digestive system – cancers that occur in various areas of the digestive system 
· Diarrhea – loose, watery, and frequent stools or bowl movements – prolonged it can cause dehydration 
· Lactose Intolerance - the inability to digest and metabolize lactose, a sugar found in milk caused by a lack of the enzyme lactase in the digestive system
· Hepatitis – inflammation of the liver commonly caused by three viruses – hepatitis A, B, and C 
· Appendicitis – inflammation of the appendix 
· Crohn’s  disease (National) – inflammation of parts of the digestive tract caused by ulcers which cause pain and diarrhea 

· GERD (National) – gastroesophageal reflux disease – lower esophageal sphincter opens spontaneously or does not close properly allowing gastric juices to rise into esophagus

· Diverticular Disease  (National)

· Celiac disease (National) – an immune disease where people can’t eat gluten (a protein found in wheat, rye, and barly). 

Role of Fiber in Digestion

· Fiber is found mostly in plant sources like fruits, vegetables, grains and legumes  
· There are two types – insoluble fiber and soluble fiber 
· Insoluble fiber is a type of fiber which cannot be dissolved in water
· Insoluble fiber draws water to the intestine, increasing the bulk and softness of waste products
· Soluble fiber which can be dissolved in water 
· Soluble fiber can be digested slowly and it slows the digestive process and keeps the stomach fuller longer leaving the body feeling full for a longer period of time  
· Digestion and absorption of carbohydrates are slower so that glucose (sugar) in food enters the bloodstream more slowly, which keeps blood sugar on a more even level
· The slow absorption of sugar gives the body an opportunity to regulate blood sugar levels
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