HUMAN ANATOMY & PHYSIOLOGY 
TOPIC 1: Structural Organization of the Human Body 				


Levels of Structural Organization 	Pgs. 3-4

The human body is made up of many levels of structural organization. 

The first level of structural organization is the chemical level which involves atoms which combine to form molecules which associate to form organelles. 
Organelles are the basic components of cells.

The next level structural organization is the cellular level.
Cells are the smallest units of living things.
All cells have some common functions; but usually vary in size and shape reflecting their specific roles.

The next level of structural organization is the tissue level. 
A tissue is a group of similar cells that have a common function.
The human body is composed of 4 different tissue types;
-Epithelial tissue; covers the body’s surface and lines its cavities
-Connective tissue provides support and protection to organs
-Muscle tissue provides movement
-Nervous tissue provides communication throughout the body by rapid electrical impulses 

The next level of structural organization is the organ level.
An organ is a structure made up of at least two different tissue types (usually four) that work together to complete a specific function.
Each organ in the body is responsible for a specific function that no other organ can perform.
Extremely complex functions become possible at the organ level.

The next level of structural organization is the organ system level. 
Organs that work together to accomplish a common purpose make up an organ system.
The human body is composed of several organ systems;
-Cardiovascular System
-Digestive System
-Integumentary System
-Skeletal System
-Muscular System
-Endocrine System
-Nervous System
-Lymphatic System
-Respiratory System
-Reproductive System
-Urinary System
The highest level of structural organization is the organismal level.
The organism is the sum of all structural levels working together to keep us alive.


Components of the Cell		Pgs. 83-96

Cytoplasm (“cell forming material”) is the cellular material between the plasma membrane and the nucleus.
It was once believed that cytoplasm was a structureless gel when in fact it contains three major elements;
-Cytosol is the viscous semitransparent fluid in which other cellular components are suspended.
It is a complex aqueous mixture which is both a solution and colloid. Dissolved within the cytosol are proteins, salts, sugars, and other various solutes.
-Inclusions are chemical substances that are present only in certain types of cells (ex: lipid droplets in fat cells or melanin granules in skin cells)
-Organelles are specialized cellular compartments, each performing a specific function in maintaining the life of the cell.
Most organelles, but not all, contain a membrane which compartmentalizes the internal environment of the organelle from external surrounding cytosol; which is crucial for cell functioning.

Mitochondria are usually thread-like or lozenge-shaped organelles that tend to squirm, elongate, and change shape continuously.
They are the “powerhouse” of the cell, providing most of its ATP supply.
The amount of mitochondria within a cell depends on that specific cells requirements; busier cells that require more energy will always have a greater amount of mitochondria.
The outer membrane of the mitochondria is smooth and featureless.
The inner membrane folds inwards creating shelf-like cristae that protrude into the matrix which is the gel-like substance within the mitochondrion.
Aerobic cellular respiration takes place within the mitochondria.
They contain their own DNA, RNA, and are able to grow more cristae or reproduce themselves if needed.

Ribosomes are small dark-staining granules composed of DNA and ribosomal RNA.
They are composed of two subunits that fit together like the body and cap of an acorn.
Ribosomes are the site at which protein synthesis occurs.
There are two different types of ribosomes;
-Free ribosomes float freely within the cytosol which make the proteins that function in the cytosol as well as those that are imported into the mitochondria and other organelles 
-Membrane-bound ribosomes are attached to the rough endoplasmic reticulum which make the proteins that are incorporated into the cell membrane and lysosomes or to be exported from the cell.
Ribosomes can change between these two types by attaching and detaching from the endoplasmic membrane according to their function at that given time.

Endoplasmic Reticulum (“network within the cytoplasm”) is a system of connected tubes and parallel membranes enclosing fluid-filled cavities called cisterns.
It accounts for over half of the cells membranes.
The ER is continuous with the nuclear membrane and coils and twists through the cytosol.
There are two different types of ER.

The Rough Endoplasmic Reticulum is studded with ribosomes.
The proteins assembled within the ribosomes on the rough ER are then enclosed in vesicles and transported to the Golgi apparatus for further processing.
The ribosomes on the rough ER are responsible for assembling all proteins that are secreted from the cell which is why it is abundant and well developed in secretory cells.
Integral proteins and phospholipids that form cellular membranes are manufactured at the rough ER.
Enzymes that catalyze lipid synthesis have their active sites on the rough ER where substrates are available.

The Smooth Endoplasmic Reticulum consists of tubules arranged in a looping network.
It is continuous with the rough ER.
Its enzymes are integral proteins in the membrane that are involved with several different tasks such as;
-Metabolize lipids, synthesize cholesterol, phospholipids, and the lipid components of lipoproteins
-Synthesize steroid based (sex) hormones
-Absorb, synthesize and transport fats
-Detoxify drugs, pesticides, and cancer-causing agents
-Break down stored glycogen to form free glucose
Skeletal and cardiac muscle cells contain an elaborate smooth ER (called sarcoplasmic reticulum) which stores and releases calcium ions during muscle contraction.
Other than these specific cases, most body cells do not contain much smooth ER.

The Golgi Apparatus consists of stacked and flattened membranous sacs that are shaped like empty dinner plates, associated with swarms of small membranous vesicles.
It is the primary traffic director for cellular proteins.
It modifies, concentrates, and packages the proteins and lipids made in the rough ER that are destined for export from the cell.
Vesicles from the rough ER fuse onto the cis face (receiving side) of Golgi body; they are then modified by adding/removing certain sugar or phosphate groups; then sorted, packed and tagged for delivery to be transported by vesicles from the concaved trans face (shipping side) of the Golgi. 

There are three different pathways vesicles can take when leaving the Golgi;
-Pathway A is when secretory vesicles/granules containing proteins to be exported migrate to the plasma membrane to then discharge their contents out of the cell through exocytosis
-Pathway B is when lipids and transmembrane proteins migrate to the plasma membrane or another membranous organelle
-Pathway C is when vesicles containing digestive enzymes are packaged into membranous lysosomes that remain in the cell.

Peroxisomes (“peroxide bodies”) are spherical membranous sacs that contain several powerful enzymes especially oxidases and catalases.
Oxidases use O2 to detoxify harmful substances such as alcohol, formaldehyde and most importantly, free radicals (highly reactive chemicals with unpaired electrons that can unscramble important biological molecules) which are then converted to hydrogen peroxide and then to water.
Peroxisomes also help in energy metabolism by breaking down and synthesizing fatty acids.
Most peroxisomes are formed by budding off the ER (by different machinery than the vesicles for proteins), but some are formed by simply pinching in half.

Lysosomes (“disintegrator bodies”) are spherical membranous organelles that contain activated digestive enzymes that can digest many biological molecules.
They are abundant in phagocytes (cells that dispose of invading bacteria and debris).
They work best in highly acidic conditions which is why they can be called acidic hydrolases.
When lysosomes rupture they cell digests itself in a process called autolysis.

The lysosomal membrane functions in two ways;
-It contains proton pumps which are ATPases that gather hydrogen ions from the cytosol in order to maintain its acidic pH.
-It retains dangerous lysosomal enzymes (acid hydrolases) while the final products of digestion escape so they can be used or excreted by the cell.
The lysosomal membrane is usually quite stable, but fragile if cell is injured, deprived of oxygen, or exposed to excessive amounts of vitamin A.

The lysosome has many functions as the cell’s “demolition crew”;
-Digests particles that have been taken into the cell by exocytosis such as bacteria, viruses, and toxins
-Degrades stressed/dead cells and worn-out/non-functioning organelles by autophagy (a process of “self-eating”).
-Performs metabolic functions (ex: glycogen breakdown/release)
-Breaks down bone to release calcium ions into the blood.

The Endomembrane System is a group of organelles that work together to produce/degrade/store/export biological molecules and to degrade harmful substances.
The endomembrane system includes the all of the membranous elements that are connected to the forming/fusing of transport vesicles; the ER, Golgi apparatus, secretory vesicles, lysosomes, the nuclear membrane and the plasma membrane.

The Cytoskeleton (“cell skeleton”) is a network of rods running through the cytosol that are linked to other cell structures though accessory proteins.
It acts as the cells “bones”, “muscles”, and “ligaments” by providing structure and mobility.
There are three different types of rods that make up the cytoskeleton.

Microfilaments are rods made up of thin semi-flexible strands of the protein actin.
Each cell has its own different arrangement of microfilaments, though most cells contain a dense cross-linked network of microfilaments called the terminal web which is attached to the cytoplasmic side of the plasma membrane that strengthens the cell surface, resists compression, and transmits force during cellular movements/shape changes.
Microfilaments are usually involved in the motility of the cell and changes in cell shape.
They generate contractile forces within the cell, form the cleavage furrow that pinches the cell during cell division, and are responsible for crawling movements of amoeboid motion, as well as membrane changes involved in endocytosis/exocytosis.
In most cases actin filaments are constantly breaking down and re-forming from smaller subunits.

Intermediate Filaments are rods made up of tough insoluble protein fibers called tetramer fibrils that resemble woven ropes.
Their diameter is between those of microfilaments and microtubules.
They are the most stable and permanent of the rods, and have high tensile strength.
They attach to desmosomes and act as an internal guy-wire to resist pulling forces put on the cell.
Depending on the protein composition for the specific cell involved, the name of the microfilament changes (ex: neurofilaments and keratin filaments). 

Microtubules are hollow tubes made of spherical protein subunits called tubulin.
They are the largest rods in diameter.
They radiate from the centrosome and are constantly growing, disassembling and reassembling.
They determine the shape of the cell and the distribution of organelles.
Mitochondria, lysosomes, and secretory vessels hang off of, and are constantly repositioned by motor proteins (such as kinesins/dyneins) across the microtubules.

The Centrosome is a small region of cytoplasm near the nucleus that acts as an organizing centre for microtubules. 
It has a granular-looking matrix that contains paired centrioles; which are small, barrel-shaped organelles that are placed at right angles to each other.
Each Centriole consists of a pinwheel array of nine triplets of microtubules that are connected to each other through nontubulin proteins and arranged to form a hollow tube.
They are the basis of cilia and flagella.
Basal bodies are the centrioles that form the bases of cilia and flagella

Cilia are whip-like, motile cellular extensions that occur in large quantities on the exposed side of cells.
Ciliary action moves substances in one direction across cell surfaces (ex: ciliary cells lining respiratory tract propel mucus and dust particles away from lungs)
When a cell forms cilia, the centrioles multiply and line up beneath the plasma membrane of the exposed surface of the cell and then microtubules “sprout” to form ciliary projections.
They move by rhythmically alternating between a power stroke and a recovery stroke, which creates a current at the cell surface that produces its pushing motion.

Flagella are long projections of the cell that occur that have only one propulsive flagellum that resembles a tail. 
The function of the flagellum is to propel the cell itself (ex: a “swimming” sperm cell).

Microvilli (“little shaggy hairs”) are small finger-like extensions of the plasma membrane that project from the exposed cell surface. 
They increase the plasma membrane’s surface area and are usually found in highly absorptive cells.
They have a core of bundled actin filaments that extend into the terminal web and act as a mechanical “stiffener”.

The Nucleus is the “control centre” of the cell; it can be compared to a computer, design department, construction boss, and board of directors.
It contains the cell’s genes and the instructions needed to build all of the body’s proteins as well as dictates the kinds/amounts of proteins to be synthesized in response to signals acting on the cell.
Most cells contain a single nucleus.
Multinucleate cells have many nuclei usually due to their larger-than-usual cytoplasmic mass (ex: certain liver, bone destruction, and skeletal muscle cells).
Anucleate cells are cells that do not contain a nucleus which are not capable of reproducing and cannot be replaced (ex: red blood cells)

The nucleolus is a structure within the nucleus that is most often spherical but usually conforms to the shape of the cell.
It’s average diameter is 5m making it larger than any other cytoplasmic organelle in the cell.
It consists of the nuclear envelope (or membrane), nucleoli, and chromatin.

The Nuclear Envelope is a double membrane barrier separated by a fluid-filled space (much like the mitochondrial membrane).
The outer membrane is continuous with the rough ER and is studded with ribosomes on external surface.
The inner membrane is lined by a network of lamins (rod-shaped proteins), called the nuclear lamina that maintains the shape of the nucleus and acts as a “scaffold” to organize DNA.
The nuclear membrane is punctured with nuclear pores at multiple points.
Nuclear pore complexes are an intricate protein complex that lines each pore forming an aqueous channel that regulates the entry/exit of molecules to the nucleus.
The nuclear membrane is selectively permeable; most small substances can squeeze through quite easily, while larger substances must pass through the pore complex channels.
It encloses nucleoplasm, which is a jelly-like fluid that suspends other nuclear elements and contains dissolved salts, nutrients and other solutes (much like the cytosol).
 
Nucleoli are spherical, non-membrane-bound bodies in which ribosomal subunits are assembled. 
Usually there are one or two nucleoli per nucleus, and are typically found largely in growing cells that make large amounts of tissue proteins.
They are associated with nuclear organizer regions which contain the DNA that issues information for creating ribosomal RNA that are combined with proteins to form ribosomal subunits that usually leave the nucleus.

Chromatin is a system of bumpy threads that weaves through the nucleoplasm that is composed of;
-30% DNA 
-60% globular proteins, which package/regulate the DNA
-10% RNA chains, which are in process of forming or newly formed
The fundamental units of chromatin are nucleosomes, which consist of eight flattened disk-liked histone proteins.
DNA molecules wrap around each nucleosome twice and continues to the next cluster, which connects them like beads on a string. 
Histones provide a physical means for orderly packing DNA molecules, as well as play a role in gene regulation. 
When a cell divides the chromatin coils and compacts into short, bar-like bodies called chromosomes in order to protect itself during the movements of cell division.


Labelled diagram of organelles within the cell:
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Tissues 	Pgs. 115-146

Tissues are groups of cells that are similar in structure and perform a common function.
There are four primary tissue types within the body;
-Epithelial tissue, which covers
-Connective tissue, which supports
-Muscle tissue, which produces movement
-Nervous tissue, which controls
The study of tissues is called histology. 

Epithelial Tissue

Epithelial Tissue is a sheet of cells that covers a body surface or lines a body cavity.
It forms boundaries between different environments; and nearly all substances received/given off by the body must pass through an epithelium.
There are two different forms of epithelia;
-Covering/Lining Epithelia, which forms the outer layer of the skin, lines the open cavities of the urogenital/digestive/respiratory systems, and covers the walls and organs of the ventral cavity.
-Glandular Epithelia, which makes up the glands of the body.
It accomplishes many functions such as;
-protection
-absorption
-filtration 
-excretion
-secretion
-sensory reception

Distinguishing Characteristics of Epithelia

Polarity is one of epithelia’s distinguishing characteristics.
All epithelia exhibits apical-basal polarity due the difference in structure/function between its apical surface (upper free surface or the cavity of an organ) and basal surface (lower attached surface)

Most apical surfaces contain microvilli (to increase surface area), yet some are smooth.
Epithelia that absorb/excrete substances have such large amounts of microvilli that they have a dense, fuzzy appearance called the brush border.
Some epithelia contain cilia (to propel substances across the tissue surface).

The basal lamina is a thin supporting sheet adjacent to the basal lamina that consists mainly of glycoproteins and collagen fibres.
It acts as a selective filter that determines which molecules diffusing from the underlying connective tissue can enter the epithelium, as well as a scaffolding system in which epithelia cells will migrate to repair a wound.

Specialized contacts are one of epithelia’s distinguishing characteristics.
Epithelial cells fit closely together forming continuous sheets.
They have lateral contacts, such as tight junctions and desmosomes, that bind adjacent cells together at many points and keep proteins in the apical region from diffusing into the basal region thus maintaining polarity.

Another characteristic of epithelium is that they rest upon and are supported by connective tissue.
Underneath the basal lamina lies the reticular lamina, which is an extracellular layer containing a network of collagen protein fibres is a part of the underlying connective tissue.
The basal lamina and the reticular lamina make up the basement membrane which reinforces the epithelial sheet, helps it resist stretching/tearing, and defines the epithelial boundary.

Epithelial cells are avascular (contain no blood vessels) but are innervated (supplied by nerve fibres).
They receive nourishment through the substances diffusing through the blood vessels in the underlying connective tissue.

Epithelial cells have a high regeneration capacity.
Epithelial cells can be rubbed off by friction or damaged by hostile external environments but as long as the cells receive adequate nutrition they can replace rapidly by cell division.

Classification of Epithelial Tissue
Each epithelium is classified by two names.

The first name indicates the number of cell layers present;
-Simple epithelia consists of a single cell layer.
They are common where absorption, secretion, and filtration occur and a thin barrier is desirable.
-Stratified epithelia consists of two or more cell layers stacked on top of each other.
They are common in high-abrasion areas where protection is needed.
They always reproduce from the below, pushing new cells upwards. 

The second name describes the shape of its cells;
-Squamous cells are flattened and scale-like
-Cuboidal cells are box-like
-Columnar cells are tall and column-shaped

All types of epithelial cells have six sides and a polyhedral shape that allows them to be closely packed; 
From an apical surface view epithelial sheets will resemble a honeycomb.
The shape of the nucleus always conforms to that of the cell therefore squamous cells will have a flattened nucleus, squamous cells will have a spherical nucleus, and columnar cells will have a nucleus that elongates the whole length of the cell.
Sometimes stratified epithelia will contain more than one cell shape, and in that case would be named according to the cells in the apical layer.

Simple Epithelia

Simple squamous epithelium is thin and permeable and usually found in the body where filtration or exchange of substances by rapid diffusion is a priority.
It can be found in the kidneys (part of the filtration membrane) as well as in the lungs (forms air sacs for gas exchange).
There are two types that have special names reflecting their location;
-Endothelium (“inner covering”) provides a slick, friction-reducing lining in lymphatic vessels, blood vessels, and heart.
Its thinness encourages efficient exchange of nutrients and wastes between the blood stream and surrounding cells.
-Mesothelium (“middle covering”) is found in serous membranes, membranes lining the ventral cavity as well as its organs. 

Simple cuboidal epithelium is useful in secretion and absorption. 
It forms the walls in the smallest ducts of glands as well as many kidney tubules.

Simple columnar epithelium is associated with secretion and absorption. 
It can be found in the digestive tract (with modifications such as added microvilli or tubular glands)
In other cases, it can be found with cilia on its free surface.

Pseudostratified Columnar Epithelium consists of cells that vary in height which gives the allusion that they are stratified when in reality they are simple.
They are associated with secretion and absorption.
A ciliated version of this tissue lines the respiratory tract.

Stratified Epithelia 

Stratified squamous epithelium is the most common, as it forms the external part of the skin and extends into every body opening that is continuous with the skin. 
Its free surface cells are squamous while its cells on deeper levels are cuboidal or columnar.
It is found in areas subjected to wear and tear as it is constantly rubbed off and replaced with new cells.

Stratified cuboidal epithelium is limited in the body but is found in some of the ducts of certain larger glands such as sweat glands and mammary glands.
It usually contains two layers of cuboidal cells.

Stratified columnar epithelium is limited in the body but is found in the pharynx, the male urethra, lining some glandular ducts, and in transition areas between two other types of epithelia. 
Only the apical layer is columnar.

Transitional epithelium is found in the lining of the hollow urinary organs, which stretch as they fill with urine. 
The cells in the basal layer are cuboidal or columnar, while the cells in the apical layer change in shape depending on the degree of distension (stretching) of the organ. 
The ability of the cells to change their shape allows a greater volume of urine to flow through, or be stored within the organ.

Glandular Epithelia
A gland is one or more cells that make and secrete a product called a secretion, which is an aqueous fluid that usually contains proteins (but there is variation).
Secretion is an active process; the gland obtains needed substances from the blood and transforms them chemically into a product that is then discharged from the cell.

Classification of Glandular Epithelia
Glands are classified by two names.
The first name is according to where they secrete their product;
-Endocrine glands are internally secreting 
-Exocrine glands are externally secreting 
The second name is according to the number of cells it is composed of;
-Unicellular glands are made up of one cell
-Multicellular glands are made up of multiple cells

Endocrine Glands produce hormones that they secrete exocytosis directly into the extracellular space, which then enter the blood or lymphatic fluid to its specific target organ.
Endocrine glands are often called ductless glands because they eventually lose their ducts.
All endocrine glands are structurally diverse so they do not fit into a specific description; most are compact multicellular organs, while some are individual cells scattered throughout the body.
Their secretions all differ as well, ranging from modified amino acids, peptides, glycoproteins, and steroids.

Exocrine Glands secrete their products directly onto body surfaces or into body cavities.
Unicellular glands do so directly by exocytosis, while multicellular glands do so by an epithelium-walled duct that transports the secretion to the surface.
Most exocrine glands secrete similar products such as mucous, sweat, oil, saliva, bile, etc.

Unicellular exocrine glands are sprinkled into the epithelial linings of the digestive/respiratory tracts amid columnar cells.
Important unicellular exocrine glands include mucous cells and goblet cells.
These cells secrete mucin, which is an complex glycoprotein that dissolves in water once secreted to form mucous (slimy coating that protects/lubricates surfaces).
Goblet cells get their name due to the cup-like accumulation of mucin that distends from the cell giving it a goblet-like shape.

Multicellular exocrine glands are structurally more complex as they consist an epithelium-derived duct and a secretory unit.
In most multicellular exocrine glands supportive tissue surrounds the secretory unit and supplies it blood vessels/nerve fibers and forms a fibrous capsule that extends into the gland that divides it into lobes

Multicellular exocrine glands are classified by structure;
The first name is according to their duct structures;
-Simple glands have an unbranched duct
-Compound glands have a branched duct
The second name is according to their secretory units;
-Tubular secretory cells form tubes
-Alveolar secretory cells form small, flask-like sacs
-Tubuloalveolar contains both types of cells
(the term acinar can also be used for alveolar) 

They can also be classified by modes of secretion;
-Merocrine glands are most common, and they secrete their products by exocytosis right away as they are produced without any alteration (ex: pancreas, sweat glands, salivary glands).
-Holocrine glands accumulate their product until they rupture thus releasing it as well as its own dead cell fragments, the cells are then replaced by the division of underlying cells (ex: sebaceous glands).
Apocrine glands collect their products below the free surface and eventually the apex of the cell pinches off releasing secretory granules as well as a small amount of cytoplasm, the cell then repairs itself and repeats the process (it is debatable whether or not apocrine glands exist in the human body)
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