Levels of structural organization
Chemical level (atom) cellular level tissue level( group of similar cells w/ common cause) organ level (Different types of tissues)  organ system( different organs working closely together
Structural organization of the human body
Three types of cytoskeletal filaments (none are membrane covered)
· Microfilaments- strands of spherical proteins subunits called actins (cell motility, change in shape)
· Intermediate filaments- tough, insoluble protein fibers constructed like woven ropes fibrous subunits (attach to desmosomes)
· Microtubules- hollow tubes of spherical proteins subunits called tubulins tubulin subunits (determine overall shape of cell and distribution of organelles)
Definitions
Cytosol- the viscous, semitransparent fluid in which the other cytoplasmic elements are suspended
Peroxisomes- membranous sacs containing a variety of powerful enzymes, most important are oxidase and catalase (liver)
Centrioles- small tube formed by microtubules (9 triplets)
Cilia-nine doublets and a pair in the center 
Tissue-epithelial
Epithelial- is a sheet of cells that covers a body surface or lines a body cavity
Two types in the human body
1) Covering and lining (internal/ external)
2) Glandular (glands of the body)
6 Functions
1) Protection
2) Absorption
3) Filtration
4) Excretion
5) Secretion
6) Sensory reception
Special characteristics
· Polarity- have an apical surface (upper free surface exposed to outside, most have microvilli) and lower attached basal surface, under basal surface is the basal lamina which is a noncellular adhesive sheet made up of glycoproteins and fine collagen fibers. For this  reason  epithelium has apical-basal polarity
· Specialized contact- cells fit close together to form continuous sheet, junctions help keep proteins in apical region helping maintain polarity
· Supported by CT ( basal lamina)- noncellular, underlying supportive sheet of primary glycoproteins, function acts as selective filter and scaffolding along which cells can migrate and repair when wounded
·  Avascular but innervated- innervated  with nerve cells but avascular no blood vessels, nourished by diffusion from CT
· Regeneration- cells can reproduce rapidly when damaged, use cell division





Classification
	Type
	f/x
	location

	Simple squamous






	Filters/ diffuse in low protection
Secertates lubricating substance in serosase
	Kidney
Air sacs of lungs

	Simple cuboidal






	Secretion
Absorption
	Kidney tubules
Ducts and secretary parts of small glands

	Simple columnar





	Absorption
Secretion of mucus enzyme
Ciliated propels mucus
	Non ciliated digestive track
Ciliated lines small bronchi

	Pseudo stratified columnar





	Secretion of mucus
Propels mucus
	Non ciliated mens sperm carrying ducts
Ciliated lines trachea

	
STRATIFIED squamous





	Protects underlying tissues in areas subject to abrasion
	Keratinized skin, dry membrane
Non keratinized moist linings vag and mouth



Glandular
Endocrine- into blood stream, ductless glands, hormones
Exocrine- secrets through ducts, onto body surface
· Goblet cell
· Unicellular
· Respiratory track
· Produce mucin



Connective tissue CT
Main types
· Connective proper (loose and dense)
· Cartilage
· Bone
· blood
Major f/x
· Binding and support
· Protection
· Insulation
· Transportation 
Mesenchyme- as their common tissue (common embryonic tissue from which all CT arise)
Ground substance (fills the space between the cells and contains fibers)
3 types of fibers
1) Collagen- white, strongest, most abundant, high tensile strength
2) Elastic- yellow, long thin, allow for stretch
3) Reticular- short, fine, highly branched support blood vessels, soft tissue
Cells
· Blasts-mitotically active and secretory cells
· Cytes- mature no reproducing 
Types -Loose and dense
	Loose
	Fiber/cells
	f/x
	location

	Areolar
	Coll, elas, rec
Fibroblast, mast, macrophages
	Wraps cousins organs,
Inflammation, holds tissue fluid
	Basal lamina, surrounds capillaries 

	Adipose (fat)
	Closely packed adipocytes, large fat droplet
	Reserve food fuel, insulates, protects organs
	Under skin( hypodermis) around eyes, kidneys, boobs

	Reticular
	Rec fibers and cells
	Soft internal skeleton ( stroma) supports other cell types
	Lymphoid organs ( lymph nodes)

	Dense
	
	
	

	regular
	Parallel coll, few elas
Fibroblast
	Attached muscle to bones, bone to bone, with stands pulling force from one directions
	Tendons, most ligaments

	Irregular
	Irregular coll, few elas
fibroblast 
	Able to with stand tensin exerted in many directions- structural strength
	Dermis of the skin. Fibrous caps of organs and joints

	Elastic
	Lots of elas
	Allows recoil of tissue following stretching, maintains pulsatile flow of blood
	Walls of large arteries, within certain ligaments associated with vertebral clomun




 
Cartilage
· Gel ground like substance
· Collagen some elastic
· Cushion and support body s/t
Bone
· Gel ground like substance with calcified organic salts
· Collagen
· Support
Blood
· Plasma
· No fibers fluid tissue
· Carry CO2 O2 nutrient, wastes and other substances
Membrane transportation
f/x 
· Barrier between inter and outer cellular fluids
· Selectively permeable
· Allows cell to respond to extracellular changes
· Site of cell to cell recognition and interaction
Membrane proteins
1) Integral proteins- most are trans membrane
a. Transport
b. Receptors for single transduction
c. Attachment to the cytoskeleton
d. Enzymatic activity
e. Intercellular joining 
f. Cell to cell recognition
2) Peripheral proteins- loosely attached to integral proteins, include filaments on intercellular surface, glycoproteins
a. Enzymes
b. Motor proteins
c. Celle to cell links
d. Support intercellular support
3 types of junctions
1) Tight junctions- impermeable junction prevent from passing through intercellular space
2) Desmosomes- anchoring junctions bind adjacent cells together to form an internal tension reducing network
3) Gap junctions- allows ions and small molecules to pass from one cell to the next for intercellular communication
Passive transportation(kinetic E) 
· Simple diffusion- along there gradient, movement of fats, O2, CO2, through lipid portion 
· Facilitated diffusion-attached to lipid soluble carrier protein or uses membrane channel, movement of glucose and some ions into the cell
· Osmosis- diffusion of water, movement of water in and out of the cell through the lipid phase, isotonic (same inside and out), hypertonic (lose water and shrink more solute inside), hypotonic ( take in water bloat and burst, lower solute inside)


Active transport (ATP)
· Primary AT- against concentration gradient, solute pump, atp hydrolysis, ions na, k, ca
· Secondary- cotransport of two solute across membrane, polar or charge solutes  na k pump
Vesicular transport (ATP)
· Exocytosis- transport out of the cell, secretion of NT, hormone, ejection of wastes
· Endocytosis- transport into the cell
· Phagocytosis- pseudopods engulf solids ( cell eating)
· Pinocytosis-  infolds bringing extracellular fluids and solutes
Nerve tissue
Neuron- sensory = afferent , into cns
	-motor = efferent out of CNS
Membrane potentials that act like a memebrane
· A change in membrane potential can be produced by 
1. Anything that alter ion concentrations on two sides of the membrane
2. Anything that changes membrane permeability 
Graded potentials- short lived localized changes in membrane potential
· Postsynaptic potential- when the stimulus is a NT released by another neuron
Action potential
· Only muscle and nerve cell ( exctieble membranes) can generate and propagate AP
· AP (nerve impulse)- a brief  reversal of membrane potential with a total amplitude of 100mV
1) Resting state:  -70mV gated channels are closed
2) Depolarization:  Na channels open, fluid into cell , +30mV
3) Repolarization: Na channels become inactive, K channels open, K fluids into cell, dropping back down to -70mV
4) Hyperpolaiztion:  Na channels closed, some K remains open _-75 or -80 mV

Muscle

Four main f/x
· Producing movement
· Maintaining body posture and body positions 
· Stabilizing joints
· Generating heat
Blood supply- each muscle is sereved by one nerve, an artery, and one or more veins 
Connective tissue Sheaths 
· Epimysium ( outer most layer)
· Dense irregular
· Surround the whole muscle
· Blends with deep fascia
· Perimysium ( around fasciles)
· Fibours CT
· Surrounds fascicles
· Endomysum ( around muscle fiber )
· Whispy sheaths
· Fine areolar CT


Basic parts
· Sarcolemma- muscle PM
· Sarcoplasm- cytoplasm 
Functional characteristics of muscle of a skeletal muscle
· Excitability( irritabillty)- able to receive and respond to stimulus ( usually chemical)
· Contractility
· Extensibillty
· Elasticity
Anatomy of a skeletal muscle fiber
· Fiber long, cylindrical cell with multiple nucli
· Cell is a syncytium produced by fusion of embryonic cells
· Sarcoplasm has glycosomes( used for muscle activity) and oxygen binding protein called myoglobin
· Usual organelle and myfilament myofibrils ( contain contractile elements), sarcoplamsim reticulum ( elebrate smooth reticulum), T tubule ( increase surface area
Myofibrils-arrangemtn of  these within a fiber create repating dark a bands, and light I bands
· Z-disc- coin shaoed sheet of protein that anchors thing filaments and connect myofibrils to one another
· H zone-thin filaments do not oberlap with thick filament 
· M lines- apper darker due to protein called myomesin
Sliding filament model of contraction
· Muscle fiber shortend because sarcomeres shorten ( filament remain same lenth)
· Thin filaments silde over think filaments
1.  Relaxed only slight overlap of thick and thin filaments
2.  Contracted thin filaments penetrate more deeply into A band- Z discs pulled toward thick filaments
· Distance between z dics reduced
· I bands shorten
· H zone disappear
· A band move closer together but stay same length
Sarcoplasmic reticulum ( SR )
· Surrounds each myofibril
· Terminal cisternae form perpendicular cross channels
· Function in the regulation on intracerllular calcium levels
T Tubules
· Conduct impulses to deepest regions of the muscle ( at each a and I band junction )
· Singa; for the release of Ca from adjacent terminal cirsternar
Triad (t tubules, terminal cisternae of SR)
· Provide tightly linked singals for muscle contraction
· T tubule protein act as voltage sensors
· SR foot proteins are receptors that regulate Ca release from SR cisternae
Setting the stage for stimuli’s ( action potential)
· Skeletal muscles are stimulated by somatic motor neurons 
· Axons of motor neurons travel from the central nervous system via nerves to skeletal muscles
· Each axon forms several branches as it enters a muscle 
· Each axon ending forms a neuromuscular junction with a single muscle fiber
Events at neuromuscular junction
1. AP arriver at axon terminal of motor neuron
2. Voltage gates Ca channels open and CA enters the axon terminal
3. Ca entry causes synaptic vesicles to release their contents (Ach acetylcholine)
4.  Ach a NT diffuses across the synaptic cleft and binds to receptors in the sarcolemma
5. Ach binding opens ion channel that allow simultaneous passage of Na into the muscle fiber and K out of the muscle fiber
6. Ach effects are terminated by its enzymatic breakdown in the synaptic cleft by acetychoilnesrase
Events generating and propagating an AP in skeletal muscle fiber
1. After events happen at neuro MJ, local depolarization: generation of the end plate potential on the sarcolemma
· Chemically gated (ligand) gated ion channels ( Na, K) open more Na diffuse in
2.  Generation and propagation of AP
· Areas around neuro MJ depolarize by the spread of local current, 
· AP is propagated as local depolarized wave spread to adjacent areas of sarcolemma and open voltage gated Na channels there
3. Repolarization
· Restores sarcolemma to its initial polarized state
· Quickly follows depolarization
· Na channels close (inactivate) voltage gated K channels open
Excitation-contraction
1. AP is propagated along the sarcolemma and down the T tubules
2. Calcium ions are released
3. Calcium binds to troponin and removes the blocking action of tropomyosin
4. Contraction begins
Cross bridge cycle
1. Cross bridge formation- engergized myosin heads attaches to actin myofilaments forming cross bridge
2. The power ( working stroke)- ADP and phosphate are released and head pivots and bends changing to its low betn engery shape(pulls actin filament sliding toward the M line
3. Cross bridge detachment after ATP attaches to myosin, bond weakens and head detaches 
4. Cocking myosin head as ATP is hydrolized to add ADP and phosphate, head returns to prestrike 
5. high energy ‘cocked’ position

Contraction of a skeletal muscle fiber
Contraction I refers to the activation of myosins cross bridges (force0generating sites)
Shortening- occurs when the tension generated by the cross bridge exceed forces opposing shortening (load)
· when nervous stimulation ceases, Ca is pumped back into the SR and contraction ends
· Contraction ends when cross bridges become inactive the tension generated declines, and relaxtion is induced  







The motor unit ( consists ofa motor neuron and all the muscle fibers it supplies)
· motor nerve (at least 1/muscle)
· hundreds of motor neuron axons
· each axon to many axonal terminals
· each axonal terminal to NMJ of a single muscle fiber (cell)
· avg. no muscle fibers/neuron = 150 	(range = 4 to hundreds)
· when neuron fires, all fibers contract
The muscle twitch
Muscle twitch- is the response of a muscle to a single brief threshold stimulus
Has three distinct phases
1. Latent period- first few msec after stimulus; EC coupling takes place
2. Period contraction- cross bridges form; muscle shortens
3. Period of relaxation- Ca reabsorbed; muscle tension ( the force by a contracting muscle on an object)….. ( opposing force exerted on the muscle is called the load)
Graded muscle responses 
Graded muscle responses are- variation in the degree of muscle contraction, required for proper control of skeletal movement
Responses are graded by
1.  Changing the frequency of stimulation
2. Changing strength of stimulation
Speed of stimulation: wave summation and tetanus
· Rapid rate of stimuli: each contractin builds on the previous one ( Ca; heat)
· But AP refractory period is always honoured (repolarization)
· Tetanus: fused contraction –inter-stimulus interval too short to allow inter-twitch muscle relaxtion-eventually followed by muscle fatigue
· Affects force, but primary goal is to generate smooth, continuous contractions
[image: 09-15wavesumtet_l]
Muscle response to stimulation strength
Threshold stimulus- stimulus strength at which the first observable muscle contraction occure
· Beyond threshold, muscle contracts more vigorously as stimulus strength is increase
In the body..
· Force of contraction is precise controlled by multiple motor uint summation
· The phenomenon call recruitment, brings more muscle fibers in to play



Size principle
· Motor units with the smallest fibers are controlled by highly excitable motor neurons – activated first
· As contractile strength increases – larger and larger muscle fibers are recruited
· controlled by motor neurons that are least excitable (highest threshold)
· * also explains wide range of possible force, usually asynchronous in the body.. delays fatigue
Muscle tone
· It is the constant, slightly contracted state of all muscles, which does not produce active movements
· Keeps the muscles firm, healthy, and ready to respond to stimulus
· [bookmark: _GoBack]Spinal reflexes account for muscle tone by:
· Activating one motor unit and then another
· Responding to activation of stretch receptors in muscles and tendons (Chapter 13)
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