Chapter 1

Anatomy – Structures of body parts. What are their forms and how are they formed?


Gross Anatomy – Study of body parts with the aid of instruments.


Microscopic Anatomy (Histology) – Using a microscope to study body parts.

Physiology – Functions of these body parts.  What do they do and how do they do it?

The body works together through Systems.

Characteristics of Living Organisms:


-Movement


-Digestion


-Responsiveness

-Absorption


-Growth


-Circulation


-Reproduction


-Assimilation


-Respiration


-Excretion

Requirements of Organisms:
1) Water


4)
Energy (ex. Heat)

2) Food


5)
Pressure 

3) Oxygen


a) Atmospheric – force acting on the outside

) Hydrostatic – pressure exerted by a liquid (bp)

Homeostasis – The body’s maintenance of a stable internal environment.

Negative Feedback System – A system that receives signals (or feedback) about changes in the internal environment and then causes responses that reverse these changes back toward the set point.

Levels of the Organism:

· Atom


-     Tissue

· Molecule


-     Organ

· Organelle 


-     Organ System

· Cell


-     Organism

Divisions of the Body:


Cavities, Membranes, and Organ Systems.

I.  Body Cavities:

A. Axial Cavity – Head, Neck, and Trunk.

1. Dorsal Cavity – Backside.  

a. Cranium- houses the brain

b. Spinal Canal – contains the spinal cord and is surrounded by sections of the backbone (vertebrae).

2. Ventral Cavity – Frontside.

a. Thoracic 

b. AbdominoPelvic Cavity

Thoracic Cavity – Contains the lungs, heart, esophagus, trachea, and thymus gland.

The Mediastinum is a region that contains the heart, esoph., trachea, and thymus gland, and separates the left and right lung. 

Abdominal Cavity – Contains the liver, spleen, gallbladder, and intestines (Large and Small).

Pelvic Cavity – Contains the terminal end of the large intestines, urinary bladder, and the internal reproductive organs.



Head Cavities include:




- Oral  (teeth and tongue)

- Nasal



- Sinus

  


- Orbit (eyes)




- Ear (middle ear bones)



The Thoracic and Abdominal cavities are lined by a thin Serous Membrane.  These serous membranes secrete a slippery serous fluid that separates the layer lining the wall and the layer lining the organ.  In the Thoracic cavity, there are Pleura Membranes.


Parietal Pleura – membrane that covers the walls of the cavity.



Visceral Pleura – membrane that covers the organs within the cavity.




Pleura Cavity – ‘space’ between the parietal and visceral pleura.  

The heart is surrounded by Pericardial Membranes (2 Layers cover the heart). 



Visceral Pericardium – A thin membrane layer covering the heart’s surface.  

Parietal Pericardium – The outer membrane layer covering the heart.

Pericardial Cavity – ‘space’ between the visceral and parietal pericardium.


[
Fibrous Pericardium (third layer covering heart)…did not mention in class.
]

In the Abdominal cavity, the membranes are called Peritoneal Membranes.  



Parietal Peritoneal – lines the walls of the cavity.



Visceral Peritoneal – lines the organs within the cavity.



Peritoneal Cavity – ‘space’ between the parietal and visceral peritoneal.

B.  Appendages – Arms and Legs

The Thoracic and Abdominal cavities are divided by the Diaphragm.

Viscera – organs that occupy a cavity.

Organ Systems

1) Integumentary System – Skin and accessory organs such as hair, nails, sweat glands, and sebaceous glands. 

2) Support and Movement – Support and move the body parts.

i. Skeletal – consists of bones as well as ligaments and cartilages.

ii. Muscular – consists of muscles that provide the forces that cause movement.

3) Integration and Coordination:

i. Nervous System – consist of the brain, spinal cord, nerves, and sense organs. 

ii. Endocrine System – includes all the glands that secrete chemical messengers, called hormones.

4) Transport – transport substances throughout the internal environment.

i. Cardiovascular System – includes the heart, arteries, capillaries, veins, and blood.  
ii. Lymphatic System – composed of the lymphatic vessels, lymph fluid, lymph nodes, thymus gland, and spleen.
5) Absorption and Excretion – absorb nutrients and oxygen, and excrete wastes.

i. Digestive System – 

ii. Respiratory System – 

iii. Urinary System – 

iv. Excretion – 

6) Reproductive System -  

Anatomical Terminology 

Relative Position:

Superior – a part is above another part, or closer to the head.

Inferior – a part is below another part, or toward the feet.

Anterior – toward the front.

Posterior – toward the back.

Medial  - relates to an imaginary midline dividing the body into equal right and left halves. Medial is closer to this line than another part. Middle.

Lateral – toward the side, with respect to the imaginary midline. Outside.

Proximal – closer to the trunk of the body, or closer to the point of reference.

Distal –farther from the trunk or point of reference.

Superficial – situated near the surface.

Peripheral – also means outward or near the surface.

[Deep] – parts that are more internal.

Body Sections:

Sagittal – a cut along the long axis, dividing the body into right and left halves.

Transverse – a cut dividing a body into upper and lower parts.

Coronal or Frontal – a cut dividing a body into front and rear parts.

Cross Section – cutting at right angles to long axis.

Oblique – cutting at another angle (45degrees) to an axis.

Body Regions:

Epigastric Region – upper middle portion.

  -Left and Right Hypochondriac regions

Umbilical Region – central portion.

  -Left and Right Lumbar regions

Hypogastric Region – lower middle portion.

  -Left and Right Iliac regions.

Also, learn terms on page 25

Chapter 2

I.  Introduction:

A knowledge of Chemistry is important in the study of physiology because body functions depend on cellular functions that in turn result from chemical changes.

Biochemistry – Branch of science dealing with the chemistry of living organisms.

II.  Structure of Matter:

Matter – anything that has weight and takes up space.  Matter is composed of fundamental substances called Elements.  

Types of Elements:

· Pure - simplest form

· Compound
 - mixtures of pure elements.

· Bulk - required in large amounts.  Ex. O, C, H, N, S, P.  These make up more than 95% of the body’s weight.

· Trace - required in small amounts

· UltraTrace - can be toxic in large amounts, but essential in small amounts.

Elements are composed of Atoms.  

III.  Atomic Structure:

-Atoms consist of a Nucleus and 1 or more Electrons.  The Nucleus contains subatomic particles called Protons and Neutrons.   Their weights are about equal.  Electrons have no weight.  

-The Atomic Number is the number of Protons.  

-Atomic Number = Protons = Electrons

IV.  Isotopes – Atoms that have the same atomic numbers but different atomic weights (due to extra neutrons.  Can be unstable…Unstable Isotopes are called Radioactive.

3 Types of Atomic Radiation:

1. Alpha

2. Beta

3. Gamma


V.  Molecules and Compounds:
Molecule – when two or more atoms combine.

Molecular Formula – examples:  H2O, C6H12O6
Structural Formula – examples:  [H2: H-H]   [O2: O-O]  [H2O: H-O-H]   [CO2: O=C=O]

VI.  Bonding of Atoms:

Atoms combine with other atoms by forming bonds.  When atoms form such bonds, they gain or lose electrons, or share electrons.  Electrons are found in one or more regions of space called shells around the nucleus.  

1st shell can hold:
2 Electrons

2nd shell can hold:
8 Electrons

3rd shell can hold:
8 Electrons

Atoms with completely filled outer shells are stable.

Atoms with incompletely filled outer shells are Unstable, and tend to gain, lose, or share electrons in ways that empty, or fill their outer shell.

Ions – Atoms that gain or lose electrons and become electrically charged. 

Ionic Bonding – Bonding by losing or gaining electrons. 
Covalent Bonding – Bonding by Sharing electrons.


One pair of electrons shared is a single covalent bond


Two pairs of electrons shared is a double covalent bond.

VII.  Chemical Reactions:

Chemical Reactions form or break bonds between atoms, ions, or molecules.  Those being changed by the chemical reaction are called Reactants.  Those being formed are called Products.

3 Types of Chemical Reaction:


1)  Synthesis – forming a more complex structure.

A + B ( AB


2)  Decomposition – breaking down to a simpler structure.
AB ( A + B


3)  Exchange – trading positions. 

 

AB + CD ( AD + CB

Each of these types can be Reversed – the product or products can change back to the reactant or reactants.  Reversible Reaction:       A + B 
  AB

Catalysts are molecules that influence the rates of chemical reactions but are not consumed in the reaction.

VIII.  Acids, Bases, and Salts:

Electrolytes – substances that release ions in water.  


Acids – Electrolytes that release hydrogen ions (H+) in water.  Ex:  HCL ( H+ + CL-

Bases – Electrolytes that release ions that combine with hydrogen ions.  

 Ex:  NAOH (  Na+ + OH-

Salts – Electrolyte formed when Acids and Bases react.  Ex:  HCL + NaOH ( H2O + NaCL

IX.  Acid and Base Concentrations:

Hydrogen atoms (H+) ions are acidic.  Solutions with more hydrogen atoms are ACIDIC.

Hydroxyl atoms (OH-) ions are basic.  Solutions with more hydroxyl atoms are BASES.

pH Scale 

0     1     2     3     4     5     6     7     8     9     10     11     12     13     14


                   Acids
        Neutral

       Bases

X.  Chemical Constituents of Cells:

The chemicals that enter into metabolic reactions or are produced by them can be divided into two large groups.  Generally, those that contain carbon and hydrogen atoms are called Organic.  The rest are called Inorganic.  Inorganic substances usually dissolve in water or react with water to release ions; thus, they are electrolytes.  Many organic compounds also dissolve in water, although as a group they are more likely to dissolve in organic liquids such as ether or alcohol.  Organic compounds that dissolve in water usually do not release ions and are therefore called nonelectrolytes.

Inorganic Substances:  Dissolve in water.  Produces ions called electrolytes.  

1) Water – the most abundant;  needed for most all reactions to transport substances;  controls temperature.

2) Oxygen – Essential for burning food;  

3) Carbon Dioxide – (CO2) waste substance;   is proportionate(?) to blood pH.

4) Inorganic Salts –electrolytes (charged elements) in the body;  sources of many necessary ions including: Sodium, Potassium, Calcium, Magnesium, etc…   Substances that gain or lose electrons in water.  Help to maintain proper water concentrations, pH, blood clotting, bone development, energy transfer, and muscle and nerve functions.  Are gained and lost by the body.  Electrolyte Balance
Organic Substances:  Bonded in Carbon elements.  

1)  Carbohydrates – sugars and starches;  provide much of the energy that cells require;  can be used as building material for cell structures;  contain C, H, O.  In most cases, there are twice as many hydrogen’s as oxygen’s;  

Sugars:




Monosaccharides – Single sugars




Disaccharides – Double sugars




Polysaccharides – Complex carbohydrates 



Glycogen – polysaccharides made by/stored in liver.  




Cellulose – bond of many sugars.  Humans cannot digest.  

2)  Lipids (fats) – Insoluble in water.  Soluble in organic solvents, such as ether or chloroform;  build cell parts;  store energy;  also contain C, H, O, but smaller proportion of O elements.  Building blocks for Fats are fatty acids, glycerol.  Triglyceride – each glycerol molecule combines with 3 fatty acid molecules.  Usually 16-20 carbons bonded together.  Saturated Fats – heavy fats, lard;  Unsaturated Fats – include unsaturated fatty acids.

Steroid molecules are complex structures that include connected rings of carbon atoms.  

3)  Proteins – primary purpose is as a structural material, and to make Enzymes – speed specific reactions without being consumed (act as catalysts).  Contain C, H, O, and N.  

Proteins are made up of Amino Acids:

Building blocks of proteins;  the # of AA’s, the sequence of AA’s, and the type of AA’s determine what type of protein;  Peptide bonds bond AA’s;  

Denature - changing the shape of a protein;  structures fall apart.

5) Nucleic Acids – constitute genes, the instructions that control a cell’s activities, and play an important role in protein synthesis;  most important, controls all cellular activity, genes, chromosomes;  Contain C, H, O, N, and Phosphorus, and a Sugar.  Building blocks for NA’s are Nucleotides.  

1. DNA (deoxyribose) – double polynucleotide chain

2. RNA (ribose) – single polynucleotide chain



[image: image1.png]





These 2 determine the entire body’s activity;  found in the cell’s nucleus.
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Cell – Small structural unit of the body.  Determines the shape and function of the body;  Size of the cell is the biggest difference (140 microns).

Parts:  Nucleus, Cytoplasm, Cell Membrane;

3 Parts of the Cell:

1)  Cell Membrane – Semi-permeable (or selective-permeable) membrane that will allow selected substances to go in or out.  Made up of 55% Protein / 45% Phospholipids.


3 Bonds:

A) Desmosome – rivets or ‘spot welds’ adjacent skin cells, to form a reinforced structural unit.

B) Gap Junction – tubular channels that link the cytoplasm of adjacent cells and allow ions, nutrients, and other small molecules to move between them.

C) Tight Junction – membranes of adjacent cells converge and fuse.

2)  Cytoplasm – network of membranes and organelles suspended in a clear liquid; Where the functional activity occurs.

Types of Organelles:
1. Endoplasmic Reticulum – network of membranes, canals, sacrals, and vessels; connected to nucleus; extends to the cell membrane; Functions:  1) Serves as a communication network 2) Synthesize protein (and store it)

2. Ribosomes – Structures either attached to ER or floating in cytoplasm.  Made up of RNA and protein.  Functions:  1) Provide a structural support 2) Aid in the development of protein

3. Golgi Apparatus – Structure located near the nucleus and connected to the ER; Functions:  1) Refines, packages, and synthesizes protein 2) Transports it to the outer cell membranes by vessels or sacrals.  

4. Mitochondria – Structures within the cell to produce energy (in the form of ATP);  (Muscle cells have a lot of mitochondria);  “Powerhouse” of the cell.

5. Lysosomes – Structures that digest and destroy foreign debris; Garbage Disposal.

6. Peroxisomes – Sacrals that produces H2O2; Not really sure what it does.

7. Centrosomes – (aka: Centrioles) – Hollow cylinder shaped structures (near golgi apparatus) that 1) Aids in chromosome or cellular division 2) Aid in formation of cilia and flagella.  *Brain cells do not generally have theses.

8. Cilia & Flagella – Motile extensions of certain cells; Functions:  1) Movement.

9. Vesicles – (Vacuoles) Sacs that vary in size and contents;  

10. Microfilaments & Microtubules – Rods of protein; Functions:  1) Aid in cilia and flagella 2) Cause cellular movement 3) Form inner cellular structure of the cell.  

11. Inclusions – Other parts that we cannot recognize.

3)  Cell Nucleus – Round structure near the center of the cell.  Responsible for telling the cell what to do;  enclosed by the nuclear membrane;  NM has tiny pours so substances can go in and out; Nuclear Plasma fills the nucleus.


2 Main Parts:

A) Nucleolus – Made of RNA and Protein

B) Chromatin – Loosely coiled DNA strands; chromosomes; contain genes which determine all cellular activity.

Movement into and out of the cell: (Through the Membrane)

7 Different Ways:

1) Simple Diffusion – going from an area of high concentration to an area of low concentration.

2) Facilitated Diffusion – if a substance cannot get through the membrane, it may attach itself to something that can get through; still moves from high to low concentrations.

3) Osmosis – diffusion of water.

a. Isotonic: Same concentration; Same osmotic pressure; water will not flow.

b. Hypertonic: Less water / more solids; Solutions that have a higher osmotic pressure than body fluids; Water will move out of the cell and will cause it to shrink and crenate
c. Hypotonic: More water / less solids; Solutions that have a lower osmotic pressure than body fluids; Water will move into the cell and cause it to swell and hemolize
** Pressure required to stop osmosis is called Osmotic Pressure.

4) Filtration – forcing substances through the membrane; pressure.

5) Active Transport – passage through cell membranes from an area of low concentration to an area of high concentration.

6) Pinocytosis – taking in water by the means of engulfing.

7) Phagocytosis – engulfing solids.

Cellular Division – Mitosis


2 Types:  Nuclear Division  (Mitosis or Karyokinesis)



    Cytoplasmic Division (Cytokinesis)

Stages of Mitosis:

1) Interphase – each strand of chromatin matter duplicates itself exactly 

2) Prophase – a) disappearance of nuclear membrane.  b) centrioles start migrating to opposite sides of cell.

3) Metaphase – centrioles are now at opposite sides of cell; chromosomes move along the spindle fibers and align midway between the centrioles as a result of microtubule activity.

4) Anaphase – centromeres of chromatid separate and move in separate directions; 

5) Telophase – chromosomes complete their migration toward the centrioles.  Nuclear envelope forms around each chromosome set, and nucleoli become visible within the newly formed nuclei.  End up with 2 identical cells.
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Cellular Metabolism:

Metabolic Process – All reactions that occur within the cell.  

2 Types:

A) Anabolic – Union of 2 compounds. Larger molecules are constructed from smaller ones. 
Dehydration Synthesis:  

B) Catabolic – Break larger molecules into smaller molecules (by the addition of water).  Hydrolysis:  Can decompose carbohydrates, lipids, and proteins; 
Breaks down carbs into monosaccharides; fats into glycerol and fatty acids; proteins into amino acids; nucleic acids into nucleotides.   


Control of Metabolic Reactions:

Metabolism is controlled by Enzymes, which are complex protein molecules that speed up metabolic reactions (by lowering amount of energy needed to carry out the reaction).

Enzyme Parts:

Protein (Apo-Enzyme)




CoFactor – ion or metal




CoEnzyme – vitamins

Enzymes are inactive until it combines with a non-protein component that either helps the active site attain its appropriate shape or helps bind the enzyme to its substrate.  Cofactors and Coenzymes are the non-protein parts.

Substrate – the substance upon which and enzyme acts.  Enzymes end in –ASE.   Ex:  Lipase, Protease, Sucrase, Lactase, etc.

Factors that alter Enzymes:

A) Heat


C) Chemicals

B) Radiation


D) Poisons


Energy for Metabolic Reactions:

Energy – Capacity to change something; ability to do work; can be changed, but not created or destroyed.

Chemical Energy – Metabolic processes depend on CE; Breaking of a bond releases CE;  One way to break these bonds is by burning them (Oxidation) – 

Cellular Respiration – the process that releases energy from molecules such as glucose and makes it available for cellular use.  CR occurs in 3 reactions:   a) Glycolysis








     b) Citric Acid Cycle








     c) Electron Transport Chain

The products of those 3 reactions are CO2, water, and energy.  The energy is in the form of ATP (Adenosine triphosphate).  Aerobic – requiring oxygen.    Anaerobic – does not require oxygen.

For each glucose molecule that is decomposed completely by cellular respiration, up to 38 molecules of  ATP can be produced.  All but 2 are formed by aerobic reactions.

Kreb’s Cycle  (diagram)

3 Major Sources:


Glucose


Proteins


Lipids

When you run out of glucose, body moves to lipids.  When you run out of lipids, body moves to proteins…gets it from muscles.

Nucleic Acids & Proteins

Genetic Information

DNA

-The portion of DNA (deoxyribonucleic acid) that contains the genetic information ofr making a particular protein is called a gene.  All of the DNA in a cell constitutes the genome.

-DNA and RNA nucleotides form long strands.

-A DNA Molecule consists of 2 polynucleotide chains (antiparallel).

-In a DNA nucleotide, the base may be one of four types:


Adenine (A)
binds with
Thymine (T) [only in DNA; Uracil (U) is found in RNA]


Guanine (G)
binds with 
Cytosine (C)

-The sequence in which these bases are connected determines genetic code.

-There are 20 different types of Amino Acids represented in a molecule of DNA.

-Because DNA molecules are located in the nucleus and protein syntheseis occurs in the cytoplasm, and because the cell must keep a permanent copy of the genetic instructions, the genetic info must somehow get from the nucleus into the cytoplasm for the cell to use it.  RNA molecules accomplish this transfer of information.

RNA

-RNA molecules are single stranded.

-In a DNA nucleotide, the base may be one of four types:


Adenine (A)
binds with
Uracil (U)


Guanine (G)
binds with 
Cytosine (C)

-Messenger RNA – (mRNA)

-Transcription – process of copying DNA information into the structure of an mRNA molecule.

-Translation – Protein Synthesis.  

-Codon – triplicate of nucleotides in a mRNA molecule.

-Transfer RNA – (tRNA) aligns amino acids in a way that enables them to bond to each other.

-Anticodon – 3 nucleotides in a particular sequence unique to a type of tRNA.  
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Tissues – Group of cells with a similar function; Some have spaces between them called ‘Matrix’ (intercellular material); This material can be solid, semi-solid, or liquid.

Types of tissues:


-Epithelial  


-Connective


-Nervous


-Muscle

EPITHELIAL – Usually covers a surface, with one surface area being free or not attached to anything (ex: skin); Found in: (a) outer covering of the body (b) inner covering of body systems (ex: digestive, respiratory), (c) in most glands.

Characteristics:

The non-attached part is anchored to connective tissue by Basement Membrane – a thin, non-living layer.

Has very few blood vessels; Receive nutrients by diffusion.

Reproduces rapidly.

Closely packed together…little or no intercellular material.

Functions:

-Protection

-Excretion

-Secretion

-Houses nerve receptors found in skin

-Absorption

Names of Epithelial Tissues are classified by shape, number of layers of cells, arrangement, and functions.

Shapes:

*Simple – single layer of cells

*Stratified – 2 or more layers of cells

*Squamous – thin, flattened cells

*Cuboidal – cubed

*Columnar – elongated

Simple Squamous Epithelial – single, flat layer, tightly fit together; tiny one-cell-thick walls capillaries; lymphatic


Found in: air sacs of the lungs; blood vessels; membranes.


Function: allows substances to flow easily in and out.

Simple Cuboidal Epithelial – single layer of cube-shaped cells;


Found in: kidney, lungs, pancreas, liver, salivary ducts, ovaries, testes.


Function: secretion, absorption.

Simple Columnar Epithelial – single layer, column-shaped cells; microvilli; Also…Goblet cells that secrete mucous and line/cover digestive tract are scattered among the columnar cells.


Found in: lining of the digestive tract, parts of the uterus.


Function: absorption, secretion, and protection.

Pseudostratified Columnar Epithelial – Appear layered, but they are not. Falsely layered, column-shaped cells; have hair-like projections on the end called cilia. Also have goblet cells that produce mucous, that the cilia sweep away.


Found in: upper respiratory tract, also in uterus.


Function:  filter air; catch, trap, and force trash upward.

Stratified Squamous Epithelial – layered, flat cells near the free surface, while those deeper are cuboidal or columnar.  Most abundant (skin). Skin cells produce keratin, which hardens the skin.


Found in: skin, mouth, penis, vagina, and anus.


Function: protection.

Transitional Epithelial – 2-3 layers of cuboidal or squamous cells.  Has the ability to stretch from 1 to 2 layers.  Specialized to change in response to increased tension. 


Found in: inner lining of urinary bladder (the only place) [ also lines ureters and part of the urethra. ]


Function: dispensability and protection.

Glandular Epithelial – composed of cells that are specialized to produce and secrete substances into ducts or into body fluids.  


Found in: glands in cuboidal or columnar epithelium.


Function: produce and secrete substances into ducts or into body fluids


Glands are classified according to the way they secrete their products:


a) Merocrine – release fluid products by exocytosis.

b) Apocrine – lose small portions of their glandular cell bodies during secretion.

c) Holocrine – release entire cells.

Glands are also classified as:

a) Serous – releases a watery type fluid.

b) Mucous – releases a thick, mucoid type substance.

CONNECTIVE Tissue – connects, protects, provides support, supplies a framework for organs, fills spaces, stores fat, produces blood cells. Usually contains a large amount of intercellular matrix.  Can divide.  Have good blood supplies and are well nourished. 

Cell types that make up connective tissue:

1) Fibroblast – most common and most numerous type of fixed cell.  Large, star-shaped cells that produce fibers by secreting protein into the matrix of CT.


3 Types:
a) White – (Collagen) – strong, non-elastic fiber.

b) Red – (Elastic) – thinner, weaker, elastic type fiber.

c) Reticular – 3D type fiber.
2)  Macrophages – 2nd most numerous.  Originate as white blood cells.  Float around in CT and phagocytize foreign debris. Scavenger cells.

3)  Mast Cells – large and widely distributed in CT.  Release Heparin to prevent blood clotting and Histamines that promote some of the reactions associated with inflammation and allergies, such as asthma and hay fever.

4)  Blood Cells - xxxx

Classifications of Connective Tissue:

1) Loose CT – (Areolar) – mainly fibroblasts.  Large amounts of ‘gel-like’ matrix which contains white and yellow fibers.  Tissue is loosely bonded.  Rich in blood supply.  

Bonds skin to underlying organs, and fills spaces between muscles.  

2) Adipose CT – (fat) – supports, protects, provides heat insulation, and stores fat.  

Found beneath the skin, in spaces between muscles, around kidneys, behind eyeballs, on surface of heart, and around certain joints.

3) Fibrous CT – (Dense CT) – closely packed, collagenous, white fibers with few yellow’s.  Few fibroblasts.  Very tough.  


2 Subclasses:

a) Regular – very strong, collagenous, well-organized fibers, enabling the tissue to withstand pulling forces.  Ex:  Tendons and Ligaments

b) Irregular – thicker, interwoven, and more randomly organized fibers. This allows the tissue to sustain tension exerted from many different directions.  

Ex: dermal layer of skin

4) Elastic CT – mainly yellow, elastic fibers in parallel strands.  

Found in the attachments between vertebrae of the spinal column, in arteries, and in organs and tissues that expand (ex: lungs). 

5) Reticular CT – 3D tissue.  Supports the walls of certain internal organs, such as the liver, spleen, and lymphatic organs.

6) Cartilage – rigid connective tissue.  Supports and forms a place of attachment for bones and muscles.  Cartilage cells are called Chondrocytes, which are housed in Lacunae, both are completely in the matrix.


3 Types:

a) Hyaline Cartilage – most common type.  Extremely smooth.  In tips of bones, end of nose, and rings of trachea. 

b) Elastic Cartilage – more flexible.  Found in ear and voice box (larynx).  

c) Fibrocartilage – very tough tissue, contains many collagenous fibers.  In disc pads of vertebrae, meniscus, and pelvic girdle.

7) Bone – Osseous tissue.  Most rigid connective tissue.  Hardness is due to matrix filled with mineral salts, such as calcium phosphate and calcium carbonate.  Matrix also contains a great amount of collagen.  Cells in bones are Osteocytes, which are also housed in Lacunae (Lamellae).  Have Haversian (central canals) – long tubes that allow nutrients to flow.  

8) Blood – Another type of CT.  Matrix of blood is plasma.  

3 classes of cells in blood:



Red (Erythrocytes) 



White (Leukocytes)



Platelates (Thrombocytes) 


White Blood Cells:



A) Granulocytes:



1) Neutrophils




2) Basophils




3) Eosinophils



B) Agranulocytes:




1) Lymphcytes




2) Monocytes


Reticulo Endothelial System – Provides cells that protect.  Scavenger and Immunity cells.
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MEMBRANES

Groups of tissues are called organs.  Membranes are organs.

Types of Membranes:

1) Serous – Line the body cavities that do not have openings to the external surface (ex: thoracic and abdominal).  Made of simple squamous ET, and layers of loose CT.  Secrete a watery-like substance.  Nutrition and lubrication.

2) Mucous – line body cavity that open to outside (ex: nasal, oral, reproductive[penis, vaginal canal], rectum).  Made up of various types of Epithelium (Depending on where on the body it is, determines what type of epithelium is made.) and loose CT.  Creates a thick mucoid substance for protection and lubrication.  

3) Cutaneous - xxx

4) Synovial – no epithelial.  Made of fibrous CT, loose CT, and some adipose CT.  Found in lining of joint-capsules.  Secretes a thin (semi-thick) substance inside joint that lubricates, nourishes, and insulates.

SKIN

Skin is a membrane, and also the body’s largest organ.  Aka – integumentary.  

Function – protect, help regulate body temp, excrete wastes, house nerve endings. 

3 Layers

a) Epidermis – outer layer.  Made of stratified squamous ET.  Lacks blood supply.  Produces Keratin which makes it tougher.  Contains Basal Layer – deepest layer of epidermal cells and nourished by the dermal blood vessels.  Epidermis also contains Melanocytes – which produce dark pigment melanin, that provides skin color.  They lie in the deepest portion of the epidermis and in the underlying CT of the dermis.

b) Dermis – Inner layer.  Made of Irregular fibrous CT.  Contains muscle fibers, blood vessels, and nerve endings. 

c) Subcutaneous – Layer beneath the dermis.  Made up of loose CT and adipose CT.  Connects various organs to the dermal layer.  Aka – Hypodermis.

ACCESSORY ORGANS

1) Hair Follicles – layered, dead epidermal cells.  Produced by basil layer of epidermis.  

Arrector Pilli – muscle positioned so that a short hair within the follicle stands on end when the muscle contracts.  

2) Skin Glands – simple squamous ET.  Associated with hair follicle.  

Sebaceous Glands (Sebum) – fatty or oily substance. 

3) Nails – from specialized Epithelial cells that produce more keratin.  Each nail consists of a nail plate that overlies a surface of skin called the nail bed. 

4) Sweat Glands – produce sweat.  Most are in palms of hands and feet.  Controls body temperature.  Can cool your body down by sending sweat to the surface to be evaporated away.  Also blood vessels can constrict and dilate to control body temp.  


Regulation of Body Temp:

a) Radiation – skin releases heat from surface

b) Conduction – heat moves from the body to molecules of a cooler object

c) Convection – heat is lost by air molecules.  Ex: pointing a fan at you

d) Evaporation – sweat to the surface of skin.  Sweat evaporates and takes the heat with it.

CHAPTER 7

Osseus – Bone.  Made up of light healthy tissue, bone tissue, fibrous connective tissue, blood, etc.

Bones are classified by shape:

· Long

-     Irregular

· Short

-     Sesamoid (Round – usually embedded in tendons in a joint)

· Flat

I.  Long Bones:

-The ends of long bones are called Epiphysus (or cancellous). Consists mainly of spongy bone and is surrounded by a thin layer of compact bone.  The ends are coated with Hyaline Cartilage.  Spongy bone consists of many branching bony plates called trabeculae.

-The shaft is called Diaphysus.  Has a semirigid tube with a hollow chamber called the Medullary Cavity, which is filled with yellow (and red) marrow.  The inner lining of the medullary cavity is called Endosteum – a thin membrane containing bone-forming cells. The walls of the Diaphysus are surrounded by a thick collar of compact bone called Compact.

-Outside of bone is covered with a thin tissue called Perisosteum.

Microscopic Structure:

-Bone cells are called Osteocytes, and are located in tiny bone chambers called Lacunae, which form concentric circles around central canals (Haversian Canals).  The osteocytes transport nutrients and wastes to and from nearby cells by means of cellular processes passing through canaliculi.

-Osteonic Canals are up and down canals (haversian canals).

-Perforating Canals (Volkmann’s Canals) are transverse canals.

Bone Development:

-Bones form by replacing existing connective tissue in one of two ways (ossification):

1) Intramembranous – all flat bones are formed this way.  During bone development (osteogenesis), a bone forms on or within a fibrous CT membrane. Osteoblasts are deposited into the membrane.  They later turn into osteocytes, and form bone.

2)  Endochondrial – Long bones are formed this way.  Bones start off as hyaline cartiliage.  Cartilage cells die, bone cells are deposited in its place, and bones are elongated.  Epiphyseal disc (plate) – band of cartilage (aka – growth plate).  

-Bone growth stops after puberty.

-In time, large, multinucleated cells called Osteoclasts break down calcified matrix in bone.

-Homeostasis in bone tissue:  osteoclasts resorb bone tissue, and osteoblasts replace the bone.  These opposing processes of resorption and deposition are well regulated so that the total mass of bone tissue within tan adult skeleton normally remains nearly constant.

Factors affecting Bone Development:

1) Nutrition – Vitamin D is necessary for proper absorption of calcium in the small intestines.  In the absence of vitamin D, calcium is poorly absorbed, and the inorganic salt portion of bone matrix lacks calcium, softening bones.  In children, this is called Rickets.  In adults, this is called Osteomalacia.  
Also, Dehydrocholesterol is converted by the sun to a compound that becomes Vitamin D.
Vitamin A is necessary for osteoblast and osteoclast activity.
Vitamin C is required for collagen synthesis.

2) Hormones – Growth hormones are secreted by the Pituitary gland which stimulates division of cartilage in the epiphyseal disks.  Absence of these growth hormones can cause dwarfism.  Excess growth hormones can cause gigantism.  In an adult, secretion of excess growth hormones causes a condition called Acromegaly, in which the hands, feet, and jaw enlarge.

The Thyroid gland stimulates production of bone by turning cartilage into bone.
The Parathyroid gland stimulates the increase in the number and the activity of osteoclasts.

3) Sex Hormones – the hormones aid in growth of bones, and by stimulating calcium to ossify.  In general, Estrogen is more active than Testosterone (or Androgens).

4) Physical Stress – Stressing bones will decrease its growth.  When skeletal muscles contract, they pull at their attachments on bones, and the resulting stress stimulates the bone tissue to thicken and strengthen (Hypertrophy).  With the lack of exercise, the same bone tissue wastes, becoming thinner and weaker (Atrophy).

FUNCTIONS OF BONE TISSUE  
Support:
1.
The bones in legs and pelvis support the trunk,

2.
The atlas (1st vertebra) supports the skull, etc.,

Protection of underlying organs

1.
The skull protects the brain, 

2.
The rib cage protects the heart and lungs, etc.,

Movement:  Skeletal muscles are attached to bones by tendons. Serve as levers to move bones.

 
Mineral Homeostasis:  Bone stores many minerals (calcium, phosphorus, others)

Hematopoiesis: Blood Cell Formation.  All blood cells are formed in the red marrow of certain bones.

-There are approximately 206 bones in the body.

-The skeleton is divided into:

A) Axial – skull, vertebrae, ribs, and hyoid bone (located in the neck between the lower jaw and the larynx).  Support and protect head, neck, and trunk.

B) Appendicular –Upper limbs, Lower limbs, Pectoral girdle (scapula and clavicle), and Pelvic girdle.

Difference in Male/Female:

1) Ilium is more flared in female

2) Pubic Arch in female has greater arch (is wider).

Know terms on page 214.

Bones of the Adult Skeleton

Vertebral Column
     26 Bones


Cervical Vertabra
7






Thoracic Vertebra
12



Lumbar Vertebra
5



Sacrum

1



Coccyx

1

CHAPTER 8  

Joints – Joints are functional junctions between bones.  They bind parts of the skeletal system, make possible bone growth, permit parts of the skeleton to change shape during childbirth, and enable the body to move in response to skeletal muscle contractions.

They allow movement, growth, and change in shape.  

Classified by the amount of movement allowed:

1) Fibrous – (Synarthrosis) – immovable

2) Cartilagenous – (Amphiarthrosis) – slightly movable

3) Synovial – (Diarthrosis) – freely movable

I) Fibrous: named this because of the tough dense connective tissue holding them together contains many collagenous fibers.  Immovable.  There are 3 types:

A) Syndesmosis – bones are bound by long fibers of CT.  Located at the distal ends of the tibia and fibula.

B) Sutures – only between flat bones of the skull.  This is the most common type of fibrous joint.

C) Gomphosis – formed by the union of a cone-shaped bony process in a bony socket.   Ex: pegleg root of a tooth attached to the jawbone.

2) Cartilagenous:  made of hyaline cartilage or fibrocartilage.  Slightly movable.  There are 2 types.  

A) Synchondrosis – bands of hyaline cartilage unite the bones.  Many are temporary that disappear during growth.  

B) Symphysis – bones are covered by a thin layer of hyaline cartilage, and the cartilage, is attached to a pad of springy fibrocartilage. 

3) Synovial:  most joints of the skeleton are synovial because they are freely movable.  They are more complex than the previous two types of joints.  

          General Structure of Synovial Joints:

A) Articular Cartilage – hyaline cartilage that protects against wear and tear, and  minimizes friction.

B) Joint Capsule – a two layer tube that holds together the bones of a synovial joint.  The outer layer consists of dense CT, whose fibers attach to the periosteum around each bone of the joint.  Thus, the outer fibrous layer of the capsule completely encloses the other parts of the joint.

C) Ligaments – bundles of strong, tough collagenous fibers that reinforce the joint capsule.    Ex:  Anterior Cruciate Ligament (ACL), and Posterier Cruciate Ligament (PCL). 

D) Synovial Membrane – the inner layer of the joint capsule consists of a shiny, vascular lining of loose CT, called the synovial membrane.  It is only a few cells thick, and covers all of the surfaces within the joint capsule.  Produces synovial fluid.

          Menisci – disks of fibrocartilage that partially or completely divide some synovial joints into two compartments (ex: in the knee). 

          Bursae – fluid filled sacs in synovial joints between skin and underlying bony joints.  Has an inner lining of synovial membrane.  (Bursitis).

Types of Synovial Joints:

1) Ball-and-Socket – bone with a globular or slightly egg-shaped head that articulates with the cup-shaped cavity of another bone. Allows more movement than any other type of joint.  Found in shoulder and hip joints.

2) Condyloid – ovoid condyle of one bone fits into the elliptical cavity of another bone.  Found in joints between the metacarpals and phalanges of the fingers.  

3) Gliding – nearly flat or slightly curved.  Allow sliding or back-and-forth motion and twisting.  Found in wrists and ankles, and in vertebrea.

4) Hinge – convex surface of one bone fits into the concave surface of another.  Resembles the hinge of a door.  Found in elbow.  

5) Pivot – cylindrical surface of one bone rotates within a ring formed of bone and fibrous tissue of a ligament.  Limits movement to rotation around a central axis.  Found in neck allowing head to turn side to side.  Found where radius and ulna meet.

6) Saddle Joint – both surfaces have both concave and convex regions.  The curves compliment each other.  Allows a variety of movements.  Found in thumb.

Know terms on page 276-278 (flexion, extension, abduction, adduction, rotation, eversion, etc)

CHAPTER 9    

Muscles – One of the four types of tissue.  Made up of Nerve Tissue, Connective Tissue, Blood, and Skeletal Muscle Tissue.

Connective Tissue Coverings:

Fascia – dense (fibrous) CT that separates individual muscles from each other.  

Tendon – cord of fibrous CT that grows into and attaches to periosteum.  Fibers in a tendon intertwine with those in the periosteum of a bone, attaching the muscle to the bone.

Aponeurosis – broad, fibrous sheets of CT that attach to the coverings of adjacent muscles.  

(ex:  6 pack of the stomach).  Attach muscles to other muscles. 

Epimysium – Layers of CT that closely surround skeletal muscles.  

Perimysium – Another layer of CT that extends inward from the epimysium and separates the muscle tissue into small sections.  These sections contain bundles of skeleltal muscle fibers called fascicles.  Each muscle fiber within a fascicle lies within a layer of CT in the form of a thin covering called endomysium.

Skeletal Muscle Fibers:

Sarcolemma – muscle cell membrane.  

Sarcoplasm – Cytoplasm of the muscle fiber contains many small, oval nuclei and mitochondria.  Is located just beneath the sarcolemma (cell membrane).  Also has abundant, parallel, threadlike structures called myofibrils.

Myofibrils – Parallel, threadlike, bundles of protein fibers inside the sarcoplasm.  They play a fundamental role in the muscle contraction mechanism.  Contain 2 kinds of protein filaments: 


1) Myosin - thick

2) Actin -thin

Organization of Myosin and Actin produce the light and dark ‘striated’ characteristic in muscles.  The striations form a repeating pattern of units called Sarcomeres along each muscle fiber.  

Sarcomere has several different ‘bands’:

    I-band : only Actin

   A-band: Actin and Myosin overlap

   H-Zone: only Myosin

   Z-Line : attachment of Actin in the center of an I-band.

Sarcoplasmic Reticulum – A network of membranous channels that surrounds each myofibril and runs parallel to it.  Storage place for a mineral called Calcium.  (Calcium must be present for the muscle to contract)

Transverse Tubules – membranous channels that extend into the sarcoplasm and contain 
                                    extra-cellular fluid.

Cisternae – Enlarged portions of the SR that store calcium.  

These structures form a Triad near the region where actin and myosin filaments overlap. 

Skeletal Muscle Contraction:

Neuromuscular Junction

Motor Neuron – an extension from the brain or spinal cord.  Connected to each skeletal muscle fiber.  Skeletal muscles contract only upon stimulation by the motor neuron. 1 motor neuron per fiber.

The site where the axon and muscle fiber meet is called the neuromuscular junction.

Motor End Plate – where nuclei and mitochondria are abundant and the sarcolemma is extensively folded.

Motor Unit – consists of a motor neuron and the muscle fibers it controls.

Synaptic Cleft – a small gap that separates the membrane of the neuron and the membrane of the muscle fiber. 

Neurotransmitters – chemicals that allow the impulse to jump from the nerve to the muscle.

Steps of the Muscle Contraction Process:

1) Impulse

2) Release of Neurotransmitter (Acetylcholine or Ach)

3) Impulse crosses over to fiber

4) Release of Calcium from storage, which causes a specific chemical reaction that causes muscles to contract

5) Cross-Bridge and Contraction of muscle

6) Release of enzyme to remove Neurotransmitter  (the enzyme is Acetylcholinesterase)

7) Calcium returns to storage

8) Cross-Bridges release and muscle relaxes.

Energy Sources for Contraction:

Energy comes from:

1) Stored ATP – doesn’t last long, so ATP must be regenerated.

2) Stored Creatine Phosphate – adds a phosphorous to ADP to make ATP.

3) Aerobic Respiration (of glucose)

4) Anaerobic Respiration

Oxygen Debt:  Muscle fatigues because of a build up of lactic acid.  In the anaerobic process, ATP and Lactic Acid is produced.  The liver converts Lactic Acid back to Glycogen.  Oxygen debt refers to the amount of oxygen needed for the liver cells to convert the accumulated lactic acid into glucose, plus the amount the muscle cells require to re-synthesize ATP and creatine phosphate, and restore their original concentrations. 

Muscle Fatigue:  A muscle’s inability to contract due to extensive use.  Arises from the accumulation of lactic acid as a result of anaerobic ATP production.  

Hemoglobin – pigment of red blood cells responsible for the transportation of oxygen.

Myoglobin – a pigmented compound in muscle tissue that stores oxygen.

Fast and Slow Muscle Fibers: 

Muscle fibers vary in contraction speed (slow twitch or fast twitch).  

Slow Fibers – thin, red muscle fibers.  Have more myoglobin, more mitochondria, produce more ATP, and can contract slower and longer.

Fast Fibers – white muscle fibers.  Have more ability to re-absorb calcium.  Have less myoglobin, fewer mitochondria, and fatigue faster.

Muscles usually have a mix of slow and fast fibers.

When muscles contract, the main by-product is Heat.

Muscular Responses:

Threshold Stimulus – minimum stimulus needed for a muscle contraction. 

Recording a Muscle Contraction:


Myogram – recording of a musculature contraction


Twitch – a single contraction that lasts for only a fraction of a second.


Latent Period – a delay in the time the stimulus was applied and the time the muscle 
                                       responded.

All-or-None Response – muscle fibers either contract completely, or they do not contract at all.

Staircase Effect – A muscle fiber that has been inactive can be subjected to a series of stimuli, such that it undergoes a series of twitches with complete relaxation in between.  However, the strength of each successive contraction increases slightly.

Summation – when muscles are not given enough time to relax completely between contraction, and the contractions build upon each other.  When the resulting forceful, sustained contraction lacks even partial relaxation, it is called Tetanic
Muscle Tone – even when muscles appear to be at rest, a certain amount of sustained contraction is occurring in its fibers.  This tone is a response to nerve impulses originating repeatedly in the spinal cord and traveling to a few muscle fibers.

Types of Contractions:

Isometric – muscle tension, without shorting of the muscle fibers.

Isotonic – shortening of the muscles when they contract.

Smooth Muscles:

+Cells are shorter. Single nucleus. Filaments are thinner. Not striated.

+Have the ability to form a rhythmic, wave-like movement called Peristalsis. Ex: intestines, digestive system.

+Have the ability to be self-excited.  (Hormones can cause this)

+Can contract slower. Can relax slower. Can stay contracted longer.

+When contracted, they have the same tightness.

+2 Types:  Multiunit  & Visceral

Cardiac Muscles:

+Heart. Striated. Cells are joined together by Gap Junctions. Single Nucleus. More calcium available in heart muscle cells due to transverse tubules, allowing more extra-cellular material to gain entrance. 

+Intercalated Disk – The opposing ends of cardiac muscle cells are connected by cross-bands called intercalated disks.  Where muscle cells connect. Helps transmit the force of the contraction throughout the whole unit.  

+Self-exciting. Rhythmic.

In order for a muscle to pull, it must be attached to an immovable area:


Origin – immovable or fixed part.


Insertion – movable end.

Synergystic- Muscles that contract in order to assist the prime mover.

Antagonistic- muscles that resist a prime mover’s action and cause movement in the opposite direction.   

Prime Mover- the muscle responsible for producing an action.

CHAPTER 10

Nervous System I

The nervous system is composed mostly of neural tissues, but includes some blood vessels, and connective tissue.

2 Types of cells in the Nervous System:

A) Neurons (nerve cells) – specialized to react to physical and chemical changes in their surroundings.

B) Neuroglia (glial cells) – have many functions, including nourishing neurons and perhaps even sending and receiving messages.

Definitions:

Nerve Impulse – stimulus that follows along a nerve fiber.  Bioelectrical signal.  

Nerve Fiber – a long process, projection, or extension of a neuron. (also called Axons)

Nerves – a structure with different types of nerve fibers.  Bundle of nerve fibers (axons).  

Synapse – a gap over which nerves communicate. Small spaces between neurons.  

Neurotransmitters – biological messenger molecules (chemicals) that carry information across the synapse, from neuron to neuron.

[Sensory] Receptors – structures located at the ends of peripheral neurons provide the sensory function of the nervous system.  These receptors gather info by detecting changes inside and outside of the body.

Nervous System can be divided into 2 major components:

A) Central Nervous System (CNS) – consists of the brain and spinal cord.

B) Peripheral Nervous System (PNS) – composed of the nerves that connect the CNS to other parts of the body.

Nervous System Functions:

A) Sensory (Afferent) – always travel toward the brain.  Detect changes in the body

B) Integrated – thought reasoning process.  Thinking, interpreting, and feeling

C) Motor (Efferent) – movement

Structure of basic Neurons:

1) Cell Body (Perikaryon) - 


Neuronfibrils – a network of fine threads, that extends into the axons and supports them.


Nissl Bodies – membranous packets of Rough ER that is scattered throughout the 
                                    cytoplasm.  Also called Chromatophilic Substance.


Dendrites – small cellular processes that receive the input.  Highly branched, providing receptive surfaces to which processes from other neurons communicate.  Have tiny, thorn-like spines on their surfaces, which are the contact point for other neurons.


Axon – carries impulse away from the cell body.  Only 1 axon per neuron.  Arises from a slight elevation of the cell body called the axonal hillocks.  The axon is a slender, cylindrical process with a nearly smooth surface and uniform diameter.  The axon may give off branches, called Collaterals.  Near its end, an axon may have many fine extensions, each with a specialized ending called an Axon Terminal.  This ends as a Synaptic Knob very close to the receptive surface of another cell, separated only by a space called the synaptic cleft.

Axons of Peripheral Neurons are encased in lipid-rich sheaths formed by layers of cell membranes of neuroglial cells called Schwann Cells, which wind thightly, somewhat like a bandage wrapped around a finger.  The layers, called Myelin, have a higher proportion of lipid than other surface membranes.  This coating is called a Myelin Sheath.  The portions of the schwann cells that contain most of the cytoplasm and the nuclei remain outside the myelin sheath and comprise a Neurilemma, or Neurilemmal Sheath, which surrounds the myelin sheath.  Narrow gaps in the myelin sheath between schwann cells are called Nodes of Ranvier.

Axons that have myelin sheaths are called myelinated axons, and those that lack theses sheaths are called unmyelinated axons.  Groups of myelinateed axons appear white, and constitute the white matter of the brain.  Unmyelinated nerve tissue appears gray, and constitutes the gray matter of the brain.  

· Large PNS neurons contain schwann cells and myelin sheath.

· Small PNS neurons contain schwann cells that enclose but do not wind around the axon.  No Myelin sheath.  

· In the brain and spinal cord, mylenated axons lack neurilemmal sheaths.

· Myelin sheath can harden (sclerosis) and prevent an impulse from getting to the muscle, causing atrophy.

Classification of Neurons:  They can differ by size, shape, length, # of axons and dendrites, # of processes (or nerve fibers), function (sensory, motor, integrated).


I.  According to Structural Differences (shape):

1) Bipolar – cell body has only 2 processes, one arising form either end.  The processes are similar in structure, but 1 is the dendrite, and 1 is the axon.  Found in Eyes, Nose, and Ears.

2) Unipolar – cell body has a single process extending from it, which divides into 2 branches, the dendrites and the axon.  The process actually functions as a single Axon.  The cell bodies of some unipolar neurons aggregate in specialized masses of nerve tissue called Ganglia, which are located outside the brain and spinal cord.

3) Multipolar – cell body has many processes extending from it.  One is the axon, the remaining processes are the dendrites.  Found in the Brain and Spinal Cord.


II.  According to Function:

4) Sensory (Afferent) – carry nerve impulses from peripheral body parts into the brain or spinal cord.  These neurons have specialized Receptor Ends at the tips of their dendrites. Most are unipolar.

5) Interneurons (Association or Internuncial) – lie within the brain or spinal cord.  They are multipolar and form links between other neurons.  Transmit impulses from one part of the brain or spinal cord to another.  

6) Motor (Efferent) – multipolar and carry nerve impulses out of the brain or spinal cord to Effectors – structures that respond, such as muscles or glands.  

i. 2 Types
1. Accelerator – increase muscular activity.

2. Inhibitory – decrease muscular activity.

Classification of Neuroglia: once thought to be only ‘bystanders’ of neural function.  Now are considered more important.  In the embryo, neuroglia guide neurons to their positions and may stimulate them to specialize.  They produce the growth factors that nourish neurons and remove ions and neurotransmitters that accumulate between neurons, enabling them to continue transmitting information.  Schwann cells are the neuroglia of the PNS.  

The CNS contains the following types of neuroglia:

1) Astrocytes – large, star-shaped cells that provide support and hold structures of neurons together.  Aid in metabolism of certain substances (such as glucose).  Respond to injury of brain tissue and form a special type of scar tissue, which fills spaces and closes gaps in the CNS.  Found between neurons and blood vessels.  Play an important role in the blood-brain barrier, which restricts movement of substances between blood and the CNS.  Gap junctions link astrocytes to one another, forming protein-lined channels through which calcium ions travel.

2) Oligodendrocytes – similar to astrocytes, but smaller, with fewer processes. They commonly occur in rows along myelinated axons, and they form myelin in the brain and spinal cord (CNS).  Can send out a number of processes, each of which forms a myelin sheath around a nearby axon.  In this way, a single oligodendrocyte may provide myelin for many axons.  Do not form a neurilemma sheath!

3) Microglia – very small, with even fewer processes.  Scattered throughout the CNS, where they help support neurons and phagocytize bacterial cells and cellular debris.  Increase in number whenever the brain or spinal cord is inflamed because of injury or disease.

4) Ependymal – cuboidal or columnar cells with cilia.  Form the inner lining of the central canal, as well as a one-cell-thick epithelial-like membrane that covers the inside of spaces within the brain called Ventricles.  Also cover the specialized capillaries called Choroid Plexus that are associated with the ventricles of the brain.  Here they help regulate cerebrospinal fluid.

Regeneration of Nerve Axons:

Injury to the cell body usually kills the neuron, and because mature neurons do not divide, it is not replaced.  However, a damaged peripheral Axon may regenerate.  

· In the PNS, axons can slowly regenerate.

· In the CNS, since there is no myelin sheath (schwann cells), there is no guidance to redirect the axon back to where it was, so it usually doesn’t work again.

Cell Membrane Potential:

A cell membrane is usually polarized (electrically charged), so that the inside is negatively charged with respect to the outside.

Potassium (K+) ions are the major intracellular positive ion (cation).   Sodium (Na+) ions are the major extra-cellular cation.  Distribution is maintained by the sodium-potassium pump, which actively transports sodium ions out and potassium ions into the cell.  Cell membranes are selectively permeable.  Calcium is the gate-keeper managing the inflow and outflow of K+ and Na+.

Resting Potential:

+A resting nerve cell is one that is not being stimulated to send a nerve impulse.  

+The potential difference across the cell membrane is called membrane potential.

+A neuron that is not sending impulses or being affected by other neuron, is called Resting Potential, and has a value of –70 millivolts.  

Local Potential:

If the membrane potential becomes more negative than the resting potential, the membrane is Hyperpolarized.  If the membrane becomes less negative (more positive), than the resting potential, the membrane is Depolarized.

If neurons are depolarized sufficiently, the membrane potential reaches a level called the threshold potential, so-called because events are set into motion that result in an Action Potential, the basis for the nerve impulse.

Summation – when a stimulus is not sufficient to cause the action potential, and another stimulus of the same type arrives before the effect of the first one subsides, the local potential change is greater.  Several sub-threshold potential changes may combine to reach threshold.  A single sub-threshold (Facilitated) stimuli will not create an impulse.

Action Potential – the point at which an impulse is created.  Only Axons are capable of action potentials.  

Refractory Period – for a very short time following passage of a nerve impulse, a threshold stimulus will not trigger another impulse on an axon.  This brief period is called the refractory period.  

All-or-None Response – never impulse conduction is an all-or-none response.  

Saltatory Conduction – in a myelinated axon, the impulse is stimulated only at the ‘nodes of ranvier’ junctions.  The action potentials appear to jump from node to node.  Conduction on Myelinated axons is many times faster than conduction on Unmyelinated axons.  Also, the speed of an nerve impulse conduction is also determined by the diameter of the axon…the greater the diameter, the faster the impulse.

Synapse: 

Nerve impulses pass from neuron to neuron at synapses.  A pre-synaptic neuron brings the impulse to the synapse and, as a result, stimulates or inhibits a post-synaptic neuron.  Synaptic Cleft is the gap in between 2 neurons.

In order for the impulse to jump, the pre-synaptic neuron must release a neurotransmitter, which is contained in the axon knob.

Synaptic Potential:

If an NT binds to a post-synaptic receptor and opens sodium on channels, the ions diffuse inward, depolarizing the membrane, possibly triggering an action potential.  This type of membrane change is called an Excitatory Postsynaptic Potential (EPSP).  If a different NT binds other receptors and increases membrane permeability to potassium ions, these ions diffuse outward, hyperpolarizing the membrane.  Since an action potential is now less likely to occur, this change is called an Inhibitory Post-Synaptic Potential (IPSP).  The presence of an action potential is dependant on the net result of EPSPs and IPSPs.  

Neurotransmitters:

The nervous system produces at least 30 different kinds of NTs.  Some neurons release only 1 type; others produce 2 or 3 kinds.  

Examples:

1) Acetylcholine – simulates skeletal muscle contractions.

2) Monoamines (Biogenic Amines) – a group of compounds, which are formed by modifying amino acid molecules (epinephrine, norepinephrine, dopamine, and serotonin.

3) Amino Acids – a group of unmodified AA’s.  (glycine, glutamic acid, aspartic acid, and GABA).

4) Neuropeptides – short chains of amino acids (enkphalins, endorphins, and Substance P).  Released in times of painful stress.  Pain reliever.  

Impulse Processing:

A) Neuron Pools – interneurons, neurons completely within the central nervous system, are organized into neuron pools.  These are groups of neurons that make synaptic connections with each other and work together to perform a common function, even though their cell bodies are often in different parts of the CNS.  

B) Facilitation – partially stimulated neuron pool.  A neuron is facilitated when it receives sub-threshold stimuli and becomes more excitable.

C) Convergence – several inputs, one output.

D) Divergence – on input, several outputs.

CHAPTER 12

RECEPTORS AND SENSORS:

RECEPTOR TYPES:

1) Chemical Concentration – receptors that are stimulated by changes in the concentration of chemical substances.  Chemoreceptors – associated with smell and taste.

2) Tissue Damage – stimulate pain receptors.  

3) Temperature Change – sensitive to temperature.  Thermoreceptors. 

4) Mechanical Forces – contain a number of sensory receptors sensing mechanical forces:

a. Types of Mechanoreceptors:

i. Porprioceptors – change in tensions of muscles and tendons.

ii. Baroreceptors – changes in blood pressure

iii. Stretch Receptors – sense degree of inflation in the lungs.

5) Light Intensity – only in the eyes and respond to light energy.  Photoreceptors.  

Sensations:

Sensations are feelings that occur when the brain interprets sensory impulses.  

Projection – at the same time a sensation forms, the cerebral cortex interprets it to seem to come from the receptors being stimulated.  The brain then projects the sensation back to its apparent source.

Sensory Adaptation – when sensory receptors are continuously stimulated, many of them undergo an adjustment called sensory adaptation.  The receptor membrane becomes less responsive to the stimulus, and the resulting receptor potential generated is less likely to bring the neuron to threshold.  

SOMATIC SENSES:  those whose sensory receptors are associated with the skin, muscle, joints, and viscera.  Can be divided into 3 groups:

1) Exteroceptive – changes at body’s surface (touch, pressure, temp, and pain)

2) Proprioceptive – changes in muscles, tendons and body position

3) Visceroceptive – changes in viscera


Touch and Pressure: derived from 3 kinds of receptors

1) Free Nerve Endings (Bare) – in epithelial tissue.  (touch and pressure)

2) Meissner’s Corpuscles – small, responding to light touch (lips, fingertips, palms, nipples, etc)

3) Pacinian Corpuscles – large, respond to heavy touch. Detect vibration (hands, feet, penis, clitoris, urethra, breasts, as well as tendons and muscles)


Temperature: Thermoreceptors include 2 groups of free nerve ending located in the skin;

1) Warm receptors – most responsive between 77-113( F (25-45(C ).

2) Cold receptors – most responsive between 50-68( F (10-68(C).

Anything above 113( F (45( C)  and below 50( F (10( C) also triggers pain receptors

Both warm and cold receptors rapidly adapt.


Sense of Pain: free nerve endings that are widely distributed throughout the body (except in the brain).  

· Pain Receptors - protective in that they are stimulate when tissues are damaged.  Can be stimulated by more than one type of change.  

· Ischemia – deficiency in blood.

· Hypoxia – deficiency in oxygen. 



Very little adaption in pain receptors.  

· Visceral Pain – pain receptors are the only receptors in viscera whose stimulation produces sensations.  Usually mechanical.  

· Referred Pain – pain may feel as if it is coming from some part of the body other than the part being stimulated.  


Pain originating in the parietal layers of thoracic and abdominal membranes, is usually not referred.

· Pain Nerve Pathways – the nerve fibers that conduct impulses away from pain receptors are of two main types:

· Acute Pain Fibers-(A-Delta Fibers)-Sharp pain. Thin, myelinated, quick nrv fbrs.

· Chronic Pain Fibers-(C-Fibers)-Dull pain.  Thin, unmyelinated, slower fibers.


Pathway:

· Through the Dorsal Root Ganglion;

· To the gray matter of the dorsal (Posterior horn); 

· Cross over to opposite side of the spinal cord; 

· Ascend up the lateral spinothalamic tracts;

· Through the Reticular Formation;

· To the Thalamus, where it is received as pain; 

· Ends up in the cerebral cortex, where the pain is defined and the source is located.  

· The cerebral cortex is also responsible for emotional and motor responses to pain,


Some NT’s or chemicals that try to block the pain sensation are the neuropeptides called enkephalins and the monamine, serotonin.  They do this at the posterior horn.

Stretch Receptors – proprioceptors located in joints and muscles.  

Two main kinds:

· Muscle Spindles – located in skeletal muscles near their junctions with tendons.  Detect changes in muscle length.  Allows for the stretch reflex – muscle contraction in response to stretching the muscle. 

· Gogli Tendon Organs – (tendonoids) – located in tendons near their attachments to muscles.  Detect changes in muscle tension.  

SPECIAL SENSES:

Smell  (  Olfactory organs

Taste  (  Taste buds

Hearing/Equilibrium  (  Ears

Sight  (  Eyes

SMELL:

     Olfactory Receptors – used to sense smells.  Chemoreceptors that respond to chemical change.  About 75-80% of flavor actually derives from smell.    


Olfactory Organs – contain olfactory receptors.  Cover the upper parts of the nasal cavity.  


Olfactory Bulbs – structures that lie on either side of the crista galli of the ethmoid bone.


Olfactory Tracts – tracts that carry sensory impulses.


Adaptation is very rapid.  You lose a large number of receptors (per year), which are replaced.  Main part of the brain that detects smell is in the base of the cerebral cortex.

TASTE:


Taste buds are the special organ of taste, and are located on the surface of the tongue, roof of the mouth, linings of the cheeks, and walls of the pharynx.  Each bud consists of taste cells that function as receptors.  Chemoreceptors.  Papillae – tiny elevations on the tongue. 


A chemical to be tasted must dissolve in the watery fluid surrounding the taste buds.  This fluid is provided by the salivary glands.  


4 Primary taste sensation:

1) Sweet – tip of tongue [stimulated by carbohydrates]

2) Sour – margins of the tongue [stimulated by acids]

3) Salty – tip and upper front. widely distributed. [stimulated by ionized inorganic salts]

4) Bitter – back of the tongue [stimulated by a variety of chems]


Taste receptors adapt very rapidly.  You don’t lose your sense of taste as much as sense of smell as you get older.  Taste cells are modified epithelial cells that divide continually.  A taste cell functions for about 3 days before it is replaced.


Taste Nerve Pathway:

· Facial (cranial) or Glossopharyngeal nerve;

· To the Medulla Oblongata;

· Ascend to the Thalamus;

· Directed to the gustatory cortex of the cerebrum, located in the parietal lobe.

HEARING:


There are 3 parts to the ear: External Ear, Middle Ear, and Inner Ear


External Ear:  the outer, funnel-like structure is called the Auricle (Pinna).  The S-shaped tube is called the External Auditory Meatus.  At the end of the tube is the Tympanic Membrane (Eardrum), which moves back and forth, reproducing the vibrations of the sound wave source.


The outside of this is covered with Skin.  The inside is covered with Mucous.


Middle Ear:  includes the Tympanic Cavity, which is an air-filled space within the temporal bone that separates the external and internal ears.  


Includes 3 bones structures (Auditory Ossicles):

· Malleus – (Hammer) attached to the tympanic membrane, and when the TM vibrates, the malleus vibrates in unison with it.  The malleus vibrates the incus.  

· Incus – (Anvil) passes the vibration from the malleus to the stapes.

· Stapes – (Stirrup) held to the opening of the wall of the tympanic cavity called the oval window.  Joined together by ligaments and covered by mucous membranes.

Vibration of the stapes, which acts like a piston at the oval window, moves a fluid within the inner ear.  These vibrations of the fluid stimulate the hearing receptors.


Sound is increased by 2 processes…funneled in and amplified by: 

A) Ear Canal 

B) Inner Ear Ossicles.


The middle ear also contains 2 small skeletal muscles that are attached to the auditory ossicles and are controlled involuntarily:

A) Tensor Tympani – inserted on the medial surface of the malleus and is anchored to the cartilaginous wall of the auditory tube.  Pulls inward.

B) Stapedius – attached to the posterior side of the stapes and inner wall of the tympanic cavity.  Pulls outward.  

Both protect by contracting and blocking sound waves.  Stop bones from moving.  Tympanic Reflex. 


Auditory Tube (Eustachian Tube) – connects each middle ear to the throat.  Allows air to pass between the TC and the outside of the body.  Helps maintain equal air pressure on both sides of the eardrum.  


Inner Ear:  complex system of intercommunicating chambers and tubes called a Labyrinth.  Each ear has 2 regions: 
1)  Osseous Labyrinth – outer layer






2)  Membranous Labyrinth – inner tube


There is a fluid called Perilymph between the two.  Endolymph is a fluid inside the Membranous Labyrinth.  Parts of the Labyrinth:

· Cochlea – snail-shaped structure, coiled around a bony core (Modiolus) with a thin, bony shelf Spiral lamina) that wraps around the core like a spiral staircase.  

· Scala Vestibuli – upper compartment leading from the oval window to the ape of the spiral.

· Scala Tympani – lower compartment, extends from the apex of the cochlea to a membrane covered opening in the wall of the inner ear called the round window.

· Scala Media (Cochlear Duct) – between Vestibule and Tympani.  Filled with Endolymph.  Contains the Organ of Corti, which contains about 16,000 hearing receptor cells (hair cells).  Above these hair cells is a Tectorial Membrane which is attached to the bony shelf of the cochlea and passes like a roof over the receptor cells, contacting the tips of their hairs. 


Process:  Sound moves the Eardrum;  Moves the Auditory Ossicles;  Endolymph creates a wave;  Tectorial receptors touch tectorial membrane.

EQUILIBRIUM:


Static Equilibrium – the organs of SE are located within the vestibule.  This vestibule consists of 2 expanded chambers:

· Utricle – larger, communicates with the saccule.  Project vertically.

· Saccule – communicates with the cochlear duct.  Project horizontally.

Each have a small patch of hair cells, called Macula on its walls. 

Otolithic Membrane – gelatinous material that has crystals of calcium carbonate (otolitis) embedded on its surface.  


Dynamic Equilibrium - 




Semicircular Canals:

· Superior – stands vertically

· Posterior – stands vertically

· Lateral – stands horizontally


Ampulla of semicircular canals communicate with the utricle of the vestibule.


Crista Ampullaris – organ contained within the ampulla that has a number of sensory hair cells and supporting cells.  

SIGHT:
Primary organ is the Eye

Accessory organs are the Eyelids, Lacrimal Apparatus, and Extrinsic Muscles.

ACCESSORY ORGANS:

Eye Lid: (Palpebra)


4 Layers:

1. Skin (Outer layer)
2. Muscle (Orbicularis Oculi)
3. Connective Tissue contains modified sebaceous glands (Tarsal Gland).
4. Conjunctiva - Innermost layer.  Mucous membrane.  Covers the inside of the eyelids, then folds back and covers the entire eye, except for the cornea.  
Lacrimal Apparatus:


Consists of Lacrimal Glands, which secrete tears.  A series of Ducts carries the tears into the nasal cavity.  From these ducts, the fluid moves into Lacrimal Sacs, which lie in a deep groove of the lacrimal bone.  Finally, into the Nasolacrimal Duct, which empties into the nasal cavity.  


Tears contain an enzyme, called lysozyme, that has antibacterial properties, reducing the chance of eye infections.

Extrinsic Muscles: 


Arise from the bones of the orbit and are inserted by broad tendons on the eye’s tough outer surface.  There are 6:

1. Superior Rectus – rotates the eye upward and toward the midline.
2. Inferior Rectus – rotates the eye downward and toward the midline.
3. Medial Rectus – rotates the eye toward the midline.
4. Lateral Rectus – rotates the eye away from the midline.
5. Superior Oblique – rotates the eye downward and away from the midline.
6. Inferior Oblique – rotates the eye upward and away from the midline.

These muscles contain the smallest number of muscle fibers of any muscles in the body.

THE EYE:

Made up of 3 layers:   A) Fibrous Tunic [outer];  B) Vascular Tunic [middle];  C) Nervous Tunic


Fibrous Tunic: (outer) Broken down into 3 layers:

1) Cornea – window of the eye and helps focus.  Made of collagenous CT.  Covered with a thin layer of epithelial.  Contains very few cells.  Acellular.  Transparent.  Has many nerve endings, particularly pain receptors.  Responds to cold but not heat.  

2) Sclera – white part.  Consists of very tough CT.  Its primary purpose is to protect the nervous tissue within.  This is where the extrinsic muscles attach to.  

3) Optic Nerve – comes off the back of the eye, to the brain, to the dura matter.


Vascular Tunic:  (middle) Consists of 3 parts:

1) Choroid Coat – attaches to the sclera.  Richly vascular.  Contains melanocytes to absorb light, and help keep the inside of the eye dark.  

2) Ciliary Body – the thickest part of the middle tunic.  Forms an internal ring around the front of the eye.  Contains many radiating folds called Ciliary processes, and two distinct groups of muscle fibers hat constitute the Ciliary muscles.  Also contains Suspensory Ligaments – strong, but delicate fibers that extend inward from the ciliary processes and hold the transparent Lens in position. 

i. Lens – clear, elastic body containing clear intercellular material.  Acellular.  Lies directly behind the iris and pupil.  Accommodation – changing the focus of the lens, by changing tension.  

3) Iris – a thin diaphragm made of CT and smooth muscle.  The colored portion of the eye.  Lies between the cornea and the lens.  This space is called the Anterior Cavity, which is divided into 2 parts:

i. Anterior Chamber – between the cornea and iris.  

ii. Posterior Chamber – between the iris and lens.  



Filled with Aqueous Humor, which circulates from this chamber to the Pupil, a circular opening in the center of the iris.  This humor drains through the Canal of Schlemm, located in the wall (of the anterior chamber) at the junction of the cornea and the sclera.



Muscles of the iris:

i. Circular Set – constricts. Acts as a sphincter, as the pupil gets smaller.

ii. Radial Set – dilates.  The diameter of the pupil increases.  



Amount of melanin and the density of the tissue within the body of the iris determine eye color.


Nervous Tunic: (inner) Transparent sheet of tissue continuous with the optic nerve.  Consists of the Retina, which contains visual cells (photoreceptors). The retina is thin and delicate, but its structure is quite complex, including pigmented epithelium, neurons, nerve fibers, and limiting membranes. 



5 Major groups of Retinal Neurons:



A) Receptor Cells*

C) Ganglion Cells*

D) Amacrine Cells



B) Bipolar Neurons*

D) Horizontal Cells



* These three provide a direct pathway for impulses triggered in the receptors to the optic nerve and brain.



Parts:

· Macula Lutea – yellowish spot.  Sharpest vision.

· Fovea Centralis – depression within the Macula.  Most acute vision.

· Optic Disk – where the nerve fibers become part of the optic nerve.  

Posterior Cavity – from the lens to the retina.  Filled with Vitreous Humor, a transparent, jelly-like fluid.  

Light Pathway:

· Through the Cornea

· Aqueous Humor

· Lens

· Vitrous Humor

· Several layers of the retina

· Photoreceptors.

Light Refraction: bending of light waves. Occurs when light waves pass at an oblique angle from a medium of one optical density into a medium of a different optical density.  

-If the shape of the eye is normal, light waves are focused sharply upon the retina (20/20).

-Short Eye – far-sightedness. Cannot focus on objects up close. Corrected with concave lenses.

-Long Eye – near-sightedness.  Cannot see objects far off clearly.  Corrected with concave lenses.

Visual Receptors: photoreceptors of the eye are modified neurons of 2 distinct kinds:

1) Rods – long, thin projections at their terminal ends.  Hundreds of times more sensitive to light.  Provide mission in dim light.  Produce colorless vision., and more general outlines of images. 

2) Cones – less sensitive to light.  Detect color.  Sharp vision.  Short, blunt receptors.  

-Located in deep area of retina.

-Vitamin A is associated with sight, and is required in producing substance in rods.  Lack of this substance leads to Night Vision.


Fovea Centralis – lacks rods.  Compact group of cones.  Responsible for sharpest vision.

Visual Pigment:  

-Rhodopsin – (visual purple) light-sensitive pigment in rods.

Visual Nerve Pathway:

· Optic Nerve;

· Optic Chiasma;

· Thalamus;

· Primary Visual Cortex (in the occipital lobe)

Right Optic Tract – nerves from the nasal half of the left eye, and the temporal half of the right eye.

Left Optic Tract – nerves from the nasal half of the right eye, and the temporal half of the left eye.

CHAPTER 13

ENDOCRINE SYSTEM – controls the body’s activity through hormones.

Hormones are released directly into the blood system.


Regulate metabolic process.

Control rate of chemical reactions.

Aid in transportation of substances through the cell membrane.

Regulate water and electrolyte balance.

Play a major role in reproduction.

Play a major role in development and growth.

The substance released by the cell is the Hormone.

Hormones have targets, will only react with its target cell.

Hormones are very potent; only needs a small amount to create a chemical reaction.

Most are steroids (made from cholesterol [steroid] or from amino acids [protein] ).

Steroid hormones are fat-soluble.

Non-steroid hormones usually combine with special receptors…don’t enter cell as much as steroids.

ProstaGlandon – paracrine substance.  Regulate neighboring cells.  Lipids.  produced as needed.  Not stored.  Wide variety of effects.  

Major control of hormones is the negative feedback system.

Other control is the nervous system.

HYPOTHALAMUS:

Main hormones are growth hormones and hormones that control/regulate the release of other hormones (such as those that control the pituitary gland).

PITUITARY GLAND:

Found at the base of the brain, attached to the hypothalamus by the pituitary stalk, or infundibulum.  Master Gland.  Releases hormones that control all other glands.

2 Lobes:

A) Posterior Lobe 

i. ADH (anti-diuretic hormone) – helps to retain water.

ii. OT (oxytocin) – affects mammary gland (release of milk) and uterus (contractions).


B)  Anterior Lobe

i. GH (growth hormone) – stimulates cells to enlarge and divide more rapidly. Protein.

ii. TSH (thyroid stimulating hormone) – controls secretion of certain hormones form the thyroid.  Glycoprotein. 

iii. PRC (prolactin) – promotes milk production. Protein.

iv. ACTH (adrenoc

v. LH (luteinizing)

vi. FSH (follicle-stimulating hormone)

PINEAL GLAND:

Oval structure located deep between the cerebral hemispheres, where it attaches to the upper portion of the thalamus near the roof of the third ventricle.  

i. Secretes Melatonin, which is synthesized from serotonin.

THYROID GLAND:

Located just below the larynx on either side and anterior to the trachea. 

i. Thyroxin (T4) – regulates metabolism.  Associated with iodine. Iodine deficiencies can cause goiters.

ii. Triiodothyronine (T3) 

PARATHRYOID GLAND:

Located on the posterior surface of the thyroid gland.  

i. Parathyroid Hormone – responsible for regulating blood-calcium levels.

ADRENAL GLANDS:

2 parts:

A) Cortex (outer):

i. GlucoCorticoids (steroids) – anti-inflamatory.  Affect nutrients to increase body’s nutritive value.  Increases muscles.

ii. Mineral Corticoids (aldosterone)– regulate mineral and electrolytes.  Blood pressure. 

B) Medulla (inner):

i. Epinephrine

ii. Norepinephrine

PANCREAS:

Elongated, somewhat flattened organ that is posterior to the stomach and behind the parietal peritoneum. 


   
      i.   Insulin – regulates blood-sugar.  Allows sugar to go from the blood to the cell.

THYMUS:

Lies on the mediastinum posterior to the sternum and between the lungs.  Is large in young children but diminishes in size with age. 



      i.   Thymosis – affect production and differentiation of certain white blood cells (T-cell production.  



     ii.    Plays an important role in immunity.

DIGESTIVE STYSTEM GLANDS:

The digestive glands that secrete hormones are generally associated with the linings of the stomach and small intestine.  

REPRODUCTIVE SYSTEM GLANDS:

Ovaries – estrogens and progesterone

Placenta – estrogens, progesterone, and gonadotropins.

Testies – testosterone.

From Kreb’s Cycle








PAGE  
30

_1091734859

