


Anatomy (ANP1105) “Lexicon of Knowledge”




 Structural Organization of the Human Body

Section 1.1-1.3: Cells

Atom- include protons, neutrons and electrons. Smallest particle of an element

Molecule- the smallest amount of a substance that can exist alone...combination of atoms

Organelle- basic components of living cells. Include the nucleus, ribosomes, mitochondria, E.R etc

Cells- fundamental structural and functional unit of a living thing; cells vary widely in shape and size, reflecting unique functions in the body. Organelles working together

Tissue- Groups of similar cells that serve a common function

· Epithelium tissue is mainly for covering and lining. Muscle tissue is for movement, as well as involuntary processes such as digestion. Connective tissue is used for filler/support. Nervous tissue is used for communication around the body

Organ- Structure composed of at least 2 (but usually all four) of the tissue types that performs a specific function for the body. Heart, kidney, liver etc

Organ System- Organs that work closely together with one another to accomplish a common purpose (urinary system, cardiac system, lymphatic, digestive, reproductive etc)

Nucleus- Controls gene expression and mediates DNA replication (the brain of the cell)

Cytoplasm- gel-like substance within the cell that holds all of the organelles and cell contents within it

Plasma Membrane- Selectively permeable and separates the intracellular contents from the outside of the cell

Cytosol- the liquid found inside of cells

Mitochondria- Has a double membrane, as well as cristae, and it is thought that it was originally a bacterium before becoming a cytoplasmic organelle. Produces ATP for the cell

Peroxisomes- Inactivates free radicals and helps to break down fatty acids. Has a cell membrane and phospholipid bi-layer

Endoplasmic Reticulum- Can either be rough or smooth. Smooth E.R is involved in lipid biosynthesis and the transport of synthesized proteins. Rough E.R facilitates protein folding and packing

Golgi Apparatus- Modifies,sorts and packages macromolecules

Lysosomes- Has a glycolipid-digesting enzyme. Known as the “digestive system” of the cell

Microtubules- Forms the mitotic spindle and can also move the organelles around within the cytoplasm. Allows cilia to move mucus through the respiratory passageways

Microfilaments- Composed of actin and can influence the cell shape. Structural support

Intermediate Filaments- Helps to form desmosomes and to provide internal wires to resist pulling forces on the cell

Centriole- The site of formation of microtubules and produces the cells cytoskeleton

Cilium- Cilia are tiny, hair-like, structures that cover a cell to help it move and as sensory antennas

Flagellum- A whip-like tail on the cell, and helps the cell to move. Not all cells have Cilia of flagella

Organization of the Nucleus- The nucleus is bounded by the nuclear envelope, a double membrane barrier separated by a fluid-filled space. At certain points, the envelope is punctuated by nuclear pores. These pores are lined with a complex of proteins. This forms an aqueous transport channel that regulates the entry and exit of molecules The membrane of the nucleus is selectively permeable. The nucleoli are found within the nucleus where ribosomal units are built. The nucleus also contains the chromatin, that contains our DNA and globular histone proteins. The DNA is wrapped around the histone proteins creating a nucleosome (8 histones wrapped by two winds of the DNA double helix)

Section 1.3: Tissues

Tissue- A tissue is a group of similar cells that have a common function


The four types of primary tissues are Epithelium (covering), Connective (filler/support), Muscle (movement) and Nervous (control/regulation/communication). 

Epithelial Tissue:- Sheets of cells that covers a body surface or lines a body cavity. The functions of the various epithelia (covering/lining and glandular) include protection (mechanical, chemical...skin), Absorption (GI tract), Filtration (Kidneys), Excretion (Kidneys), Secretion (Glands), and sensory reception (taste buds, olfactory membranes)

Special Characteristics of Epithelial

· Cellularity: Cells are very dense and have a certain shape/type.

· Specialized Contacts: Tight junctions and Desmosomes. Need these cell-to-cell junctions to help hold the cells tightly together. Tight junctions are impermeable

· Polarity: Apical (facing into the lumen of the cell lining) and basal surfaces. The apical surface is often specialized such as having microvilli and cilia. The basal surface helps to hold the cells firmly in place

· Basal Lamina: noncellular, underlying supportive sheet of primarily glycoproteins. Used for attachment and filtering and sometimes movement. The basal lamina is closest to epithelial cells

· Supported by Connective Tissue: Basement membrane = basal lamina and underlying reticular connective tissue. The reticular CT is made up of interlocking fibres

· Innervated but Avascular: This means that the blood capillaries cannot get across the basement membrane. Must diffuse via gradients

· Regeneration: High regenerative capacity because the cells (especially outer layer of skin) must be replaced quickly

Epithelial Cells are classified by their cell shape and the number of layers. The three different shapes are Squamous (flat...often most superficial), Cuboidal (not flat but not super tall...like a cube) and Columnar (Taller than the cuboidal). In all of these shapes the nucleus is located near the basal lamina

4 Types of Simple Epithelia

1. Simple Squamous Epithelium: Thin and permeable...filtration and diffusion...found in the kidneys and lungs

2. Simple, Cuboidal Epithelium: Secretion and absorption...kidney tubules and small glands. Can move things from one side of the cell to the other

3. Simple, Columnar Epithelium: Digestion and secretion....digestive tract. Polarized cells

4. Pseudostratified Columnar Epithelium: Single layer although it looks like more. Seen in the respiratory system where cilia and mucus secretion are local specilizations

Transitional Epithelium: Only found in the bladder. The basal layers are columnar to cuboidal and the apical layers become increasingly flattened and squamous-like as filling occurs

Stratified Squamous Epithelium: Protective role; Basal cells are cuboidal and undergo mitosis to keep regenerating the layer from below...the closer to the basal, the more cuboidal cells you will find. The most wide-spread example of this is the skin. The apical cells die and will eventually fall off

Gland: 1 or more cells that make and secrete a particular product. Can either be endocrine or exocrine. Can also be unicellular or multicellular

Endocrine Glands: They are ductless. Produce products that we know as hormones. These are secreted directly into the blood

Exocrine Glands: Produce mucous, sweat/oil. Can be found in the liver and pancreas as well


Unicellular Exocrine Glands: No ducts because they are only one cell. Only found as the goblet     




cells (digestive and respiratory tracts)


Multicellular Exocrine Glands: Epithelium-derived ducts and secretory cells; surrounded by CT 
  



    which brings blood vessels and nerves

Secretory Methods

Merocrine/eccrine: Exocytosis and is the most common type. Found in the pancreas, salivary glands and most sweat glands. Fuses with the basement membrane and is then released in a vesicle

Holocrine: Cells rupture; only found in sebaceous (oil) glands

Apocrine: Cell apex pinches off with the secretory product. This type of secretion is thought only to be in the mammary glands

The 5 types of connective tissue include mesenchyme (embryonic tissue...least specialized), CT proper, Cartilage, bone and blood.

The 4 main functions of CT include binding or support (ligaments/tendons), Protection (Bone;skull), Insulation (adipose tissue helps to keep us warm), and transportation (blood)

The Structual Elements of CT

Ground Substance- interstitial fluid and cell adhesion proteins and proteoglycans: molecular sieve. Gel-like substance. The fibronectin and laminin help cells to attach to CT elements. The proteoglycans  (protein and sugar) help to hold the cells in place

Fibers- Collagen fibers provide the high, tensile strength. The Elastic Fibers (made up of elastin) have a coiled structure to allow for stretch and recoil

Reticular Fibers- Thin collagen protein; fine network used for support of the blood vessels and soft tissues

Cells can either be immature (“blasts”) or mature (“cytes”). “Blasts” are actively dividing/synthesizing cells during growth and repair. “Cytes” primarily provide a level of maintenance. CT Proper = fibroblasts and cytes, Cartilage = Chondrocytes and blasts, Bone = Osteoblasts and cytes and Blood = hemocytoblasts and RBC's, WBC's and platelets

Mesenchyme: the first tissue formed from the mesoderm germ layer – mesenchymal cells + fluid ground substance and fine fibrils

CT Proper: divided into either loose CT (areolar, adipose and reticular) or dense CT (dense regular, dense irregular and elastic)

Areolar CT: gel-like matrix. Has all three fibre types. Cells = fibroblasts, macrophages, mast cells and some WBCs. It is a loose arrangement of fibres; reservoir of water and salts but is also a prime site of edema (swelling from water retention) during inflammatory reaction. Widely distributed under the epithelia of the body. Used for the cushioning of organs, immunity (macrophages) and inflammation; fluid reservoir

Adipose CT: Areolar CT that is modified to store nutrients; adipocytes. Fat-filled and have displaced nuclei; do not reproduce. Found under the skin, around the kidneys and eyes, in bones and within the abdomen, in breasts. Makes up about 18% of our weight. Used as a fuel reservoir, insulation and support/protection of organs

Reticular CT: Like areolar CT, but only has reticular fibres. Found in the lymphoid organs (lymph nodes, bone marrow, spleen) Fibres form soft internal skeleton that supports free blood cells

Dense Regular CT: bundles of collagen fibres running parallel to the direction of pull. White, flexible tissue with great resistance to tension. Must be strong and sturdy. Found in tendons (link muscle to bone), ligaments (bone to bone) and in aponeuroses (like ligaments but flat)

Dense Irregular CT: same as regular, but collagen bundles are thicker and arranged irregularly. Located in the dermis, submucosa of digestive tract, fibrous capsules of organs and joints. Function is to withstand tension exerted in many directions; strength

Elastic CT: Like dense regular CT, but a very high content of elastic fibres; found in some very elastic ligaments

Cartilage: features between dense CT and bone...tough but flexible. It is avascular (devoid of nerve fibres). The ground substance contains lots of the GAGs chondroitin sulfate and hyaluronic acid. Made up mostly of collagen fibres. But can have some elastic fibres. Up to 80% water

Bone: Calcium salts give the hardness and strength for support/protection of softer tissues; cavities for fat storage and synthesis of blood cells. Osteoblasts are the immature cells. Osteocytes maintain the bone and Osteoclasts (regulated by hormones) digest bone if the blood-calcium level is too low. Vascular. 

Blood: Classified as a CT because it contains cells surrounded by a non-living fluid matrix (blood plasma). The “fibre” contents are soluble protein molecules and are only visible during clotting

Cellular Physiology of Nerve and Muscle

Section 2.1: Membrane Transport

The plasma membrane consists of a fluid mosaic model. It has a phospholipid bilayer. A phospholipid contains a fatty acid and a phosphate group. The fatty acids are orientated towards the middle of the membrane (hydrophobic...afraid of water). Hydrophilic = like water. Along the membrane are integral membrane proteins which span the PM; hydrophilic and hydrophobic regions; channels and carriers

Integral Membrane Proteins: transporters, linkers, channels, receptors, enzymes etc. Intercellular linking, receptors for signal transduction

Peripheral Proteins: Attached to integral proteins (usually internal side of PM); can be enzymes, involved in attachment functions, shape changes. Usually at the edge of the membrane

Cytoskeleton: anchors to the PM; can also interact with different receptors

Glycocalyx: Ensemble of Carbs attached to lipids and proteins on the extracellular face; “sugar coating” on PM. Changes when the cell becomes cancerous...can change multiple times

Cholesterol: Overall it reduces the general membrane fluidity and stabilizes its structure...too much cholesterol causes the membrane to lose flexibility

Tight Junctions: Involves the fusion of the adjacent plasma membranes to prevent the passage of molecules. Usually occurs near the top of the cells to prevent things from falling in between cells

Desmosomes: Button-like structures. Anchoring junctions. Molecular linking of cells to resist the mechanical stress. Plaque, linker proteins and keratin filament (intermediate filament). They are found anywhere where cells need to be held close together

Gap Junctions: Molecular channels between cells to allow the passage of cytoplasmic molecules. Connexins. Electrically-excitable tissues that allow for ion flow. 

The 4 functions of the plasma membrane include: effective barrier between he intracellular and extracellular fluids, selective permeability, allows the cell to respond to changes in the extracellular fluid, and is the site of cell-to-cell interaction and recognition

· The 4 types of Passive Transport include simple diffusion, osmosis, facilitated diffusion and filtration.

· The word diffusion meaning the tendency of molecules or ions to scatter evenly throughout the environment

· The steeper the gradient slope, the faster the diffusion. The smaller a molecule is, the faster it will diffuse. The hotter a molecule is, the faster it will diffuse.

· For a molecule to cross the plasma membrane it must be: lipid-soluble, very small and carried

Simple Diffusion: For nonpolar, lipid-soluable molecules (O2, CO2) they follow a gradient into and out of the cells...moving down its concentration gradient. Lipid-insoluable must be passed through the PM via facilitated diffusion

Carrier-Mediated Facilitated Diffusion: Used by lipid-insoluable molecules that are too large to pass through membrane pores or channels. 5 features include: it is specific to certain molecules (binding sites), not atp-requiring (glucose to glucose-6-p right after entry), limited by carrier saturation, movement down concentration gradient, can be inhibited by certain substances. The most well-known substance transported by this method is glucose

Channel-Mediated Facilitated Diffusion: Selective due to pore size, charges of amino acid that line the channels. Some of these channels are always open (leakage channels). The opening of other gates is controlled (gated channels). Movement is always down the concentration gradient...it can be inhibited, can show saturation and are usually specific. 

A physiological example of filtration is fluid out of capillaries to cells of tissues to form urine...not selective:only RBCs and large protein molecules don’t get through 

Active Transport

· ATP is used because the substance is too large for pores, lipid insoluble and moving against the concentration gradient.

· Requires a carrier: combines specifically and reversibly with substance 

· Unlike facilitated diffusion, it moves substances AGAINST the concentration gradients via solute pumps

· Symports are movement in the same direction (inside or outside the cell) 

· Antiports are ion movements in one direction while another ion is travelling the opposite direction (one going into cell while the other is coming out)

Primary Active Transport: Main example of this is the sodium/potassium ATPase. The concentration of potassium is 10-20 times higher inside the cell than out; the concentration of sodium is higher outside the cell than in. These gradients are essential to maintain normal cell function/volume. Maintenance of this gradient is challenged by: the slow leakage of K and Na along concentration gradients, and the stimulation of muscle and nerve cells. In this ATPase, 3 Na ions are pumped out for every 2 K ions pumped in – moving against their concentration gradients to maintain cell responsiveness.

Secondary Active Transport: Transport of a solute is not coupled directly to energy-yielding reactions. Seen in the transport of an ion or amino acid as Na leaks back into the cell along its concentration gradient (gradient drives the transport, but gradient would not exist except for the Na/K ATPase. The secondary active transport of glucose through a sodium symport (sodium “drive” the glucose molecules into the cell against its concentration gradient into the cell. It is called secondary because it does not directly use ATP to bring glucose into the cell 

- Exocytosis and Endocytosis are both also ATP-requiring. 

Exocytosis:

· Used in the secretion of hormones, neurotransmitters, mucus, ejection of wastes

· Substance is enclosed in a vesicle, vesicle moves towards the plasma membrane, fuses with the PM, ruptures releasing the contents outside the cell 

· Makes use of the docking proteins to secrete the vesicle out of the cell. Repeated vesicle docking can result in a bigger cell (adds plasma membrane)

Endocytosis:

· Means by which large particles can enter the cell...requires ATP

· Vesicle encloses the substance; pinches off and moves into cytoplasm where contents are digested

Osmosis:

· Defined as the unassisted diffusion of water from an area of low, to one of high solute concentration across a semi-permeable membrane

· Polar, but small enough for most pores

· movement due to water conc. Gradient

· Osmolarity is the total concentration of solute particles in a solution (type doesn't matter)

· Tonicity is the conc. of  non-penetrating solute particles in a solution = ability of solution to change the shape of a cell 

· Water moves from dilute areas to less dilute areas

· Usually moves via the leaky channels

· Isotonic means that the contents inside the cell and outside the cell are at an equilibrium

· Hypotonic means that there is more water outside the cell than inside (causes water to enter the cell and expansion)

· Hypertonic means that there is more water inside the cell than outside (causes water to leave the cell and shrink)

Section 2.2: Neurons

· Neurons conduct electrical impulses from one body part to another

· They do not like change

· Cannot reproduce or specialize into other cells

· Constantly active, therefore have high metabolic rates

· Always need sugar and glucose

· They are large, complex cells: all have a cell body with one or more processes

· 3 Special features of neurons include:

· Extreme longevity: adequately nourished...100+ years 

· Amitotic: Do not like change and cannot reproduce

· High metabolic rate

· 3 Functional regions of the neuron (PM is important in all!);

· Receptive region...the dendrites of the neuron

· Conducting region...along the axon and myelin sheath and nodes of ranvier

· Secretory region...at the synapse...release of neurotransmitters

Neuron Cell Body: Contains a large spherical nucleus and granular cytoplasm. Extensive rough endoplasmic reticulum and ribosome clusters. The cell body is the site of protein synthesis. 

The neuron processes include the dendrites, the axons and the axonal terminals. The tract is a bundle of nerve processes in the Central Nervous System. The nerve is a bundle of nerve processes in the Peripheral Nervous System

Dendrites: Short, tapering, branched extensions; usually hundreds per cell body. Reception of pulses from other neurons. Conduct impulses towards the cell body...known as graded potentials (evaluate how strong the nerutransmitters are)

Axon: Arises from the axon hillock; variable length...can be more than a metre. Rate of conduction increases with axon diameter. Usually 1 axon per neuron; branches at the end into about 10,000 telodendria which end in axon terminals. Axon Terminals send the signal to the next neurons' dendrites

The Action Potentials are generated at the axon hillock

Neurotransmitters convey information from one axon to the next. An axon has the same organelles as a cell body, but no nissl bodies; quickly degenerate if cut

Anterograde means from the cell body to the axon terminals. Retrograde is used for organelles that need to be degraded or recycled

· The Resting Membrane Potential states that all cells are polarized. Most cells are at a resting voltage of about -65 mV

· Negative because the inside of the cell is negative compared to the outside negativity only at the level of the membrane

· The RMP is due to the differential permeability of the membrane to NA and K ions.

· Potassium is found inside the cell more that Na

· The negative charge is just inside the cell (not all of the cytoplasm)...have to remember that the K/Na pump, pumps 3+ ions for every two coming in...results in a negative charge inside the cell 

· At rest the membrane is somewhat permeable to K but only very slightly to Na

· In summary: K+ is lost through abundant leakage channels which establishes the cells' RMP. The addition of Na+ to the cell reduces the negative membrane potential slightly. The Na+/K+ pumps maintain the concentration gradients, resulting in the resting potential (balances the Na and K on either side of the cell while creating a net negative charge because 3+ are being pumped out for every 2 in) 

· All in all, this is known as an electrochemical gradient

Channels in the Plasma Membrane:

· Passive or leaky channels are always open for the movement of ions and substances

· Active or gated channels require a signal for them to open/close

· Can be chemically gated (neurotransmitter/hormone) or Voltage gated (change in membrane potential)

· These channels are ion specific: channels open and the ions move in response to electrochemical gradients

· The 2 types of signals include Graded Potentials and Action Potentials.

· Graded potentials occur at the dendrites and can be variable

· Action potentials occur at the axon hillock and opens voltage gated channels

· Depolarization results in a voltage gate to open in the axon hillock

· REMEMBER: depolarization increases the probability of producing nerve impulses; hyperpolarization (cell more negative) decreases this probability

Graded Potentials:

· Short-lived depolarizations or hyperpolarizations

· current decreases with the distance travelled

· Said to be graded as its' magnitude is determined by the strength of the stimulus

· Generator Potential is the original neuron that sends the signal...Postsynaptic Potential is the second neuron and on

· The initial stimulus depolarizes or hyperpolarizes the local area and then the decremental movement of the ions on either side of the membrane propagates the signal for a short distance

· Must have many graded potentials created in the dendrites in order to create enough of a depolarization to generate an action potential at the axon hillock

Action Potentials:

· Defined as a brief reversal of membrane potential...amplitude of about 100mV...from -70 to +30mV

· Cells with excitable membranes can generate action potentials...in neurons this is only done by the axons

· Do not decrease in amplitude as they travel 

· Voltage-gated channels on axons open and close in response to local currents

· Generation of an Action Potential

· Increase in permeability to Na+

· restoration of Na+ impermeability

· increase in K+ permeability until the depolarizing phase...

· The voltage-gated channels open first and then close. Potassium channels open up and more out of the cell

· Threshold for cells is about -55mV...once this is reached, an action potential will fire

· Once the neuron is depolarized, the membrane potential will pass 0mV and inside positivity resists further Na+ entry...this results in the closing of sodium gates...this is seen as the turning point in spike on an action potential graph

· The cell will then begin to repolarize

· This is done as K+ leave the cell along the electochemical gradient and repolarizes the cell. These gates are said to be “slow” as they do not close quickly enough which allows for after-hyperpolarization. This is then corrected through the Na+/K+ pumps

· Absolute Refractory Period means another action potential cannot be fired during said time

Propagation of an Action Potential:

· AP must travel the length of one neuron to get to the next

· It is said to be uni-directional because it can only move away from the point of stimulus and not towards the cell body

· Local depolarizations (graded) must sum to reach the threshold or else no AP is generated

· The stimulus intensity is indicated by AP frequency and not amplitude as they are all the same

· Relative Refractory Period occurs when the Na gates are closed but the K+ gates are open...allows for stimulation by a very strong stimulus...means of increasing frequency

Myelin Sheath: 

· white, lipid-protein that insulates/protects the peripheral nerves

· Increases the rate of impulse propagation 

· Schwann cells are used to make up this myelin sheath

· The action potential travels quicker as it does not travel the entire axon, but jumps from one node (Node of Ranvier) to the next in-between the schwann cells (known as saltatory conduction)

· MS involves the persistent inflammatory response in which these sheaths are gradually destroyed. This can result in blindness, muscle weakness, clumsiness among other things. Ultimately the myelin sheath destruction is permanent and the axons degenerate 

The Synapse:

· Defined as the junction between two neurons or a neuron and an effector

· Most neurons have both a presynaptic (axon terminal) and postsynaptic clefts (dendritic region)

· Can be either chemical or electrical synapses

· Electrical Synapses

· much less common and act like gap junctions...responds as a single unit with no delay

· Direct current flow – protein channels

· Rapid transmission 

· Primarily embryonic, but is also found in eye movement; in non-nervous tissue, found in cardiac and smooth muscle where it can synchronize contractions

· Chemical Synapses

· Involves the release and binding of neurotransmitters (function of these are to open and close ion channels that influence membrane permeability and membrane potential)

· Involves the axonal terminal (presynaptic) and the receptor region (postsynaptic dendrites)

· In the synaptic cleft (gap between the two cells), the neurotransmitters diffuse through a fluid substance...subject to attack from toxins

· Said to be unidirectional because there are no receptors on the presynapses or neurotransmitters produced on the postsynapses

Mechanism of Synaptic Communication:

· Initiation

· Calcium gates open in the presynaptic terminal

· The neurotransmitter is released

· Neurotransmitter binds to the postsynaptic receptors

· Ion channels open in postsynaptic membranes

· The quicker the frequency of the impulses, the more channels that will open up resulting in more neurotransmitter being released

· Termination

· Degradation of the neurotransmitters by enzymes of postsynaptic membrane (acetylcholine)

· Reuptake of the neurotransmitter for reuse and recycling (norepinephrine)

· Diffusion of the neurotransmitter away from the synaptic site (nitric oxide)

Synaptic Delay:

· slowest step of neurotransmission

· This is because you need to wait for the neurotransmitter to be released, to diffuse across the cleft and to bind to the other site

Postsynaptic Potentials:

· Channels respond to chemicals rather than changes in membrane potential. These channels mediate local changes in the membrane potential; graded per amount of NT

· Excitatory Postsynaptic Potentials

· Neurotransmitter binding --> membrane depolarization; opens up one channel for both Na= and K+. The electochemical gradient for Na+ is steeper than for K+ which results in hyperpolarization...these create graded potentials but not Aps'

· Inhibitory Postsynaptic Potentials

· Neurotransmitter binds --> membrane hyperpolarization by increased permeability to K+ or Cl-

Summation of Postsynaptic Neuron:

· A single EPSP cannot generate an AP

· 2 types of summation..either temporal or spatial

· Nosummation...2 stimuli separated in time causes EPSPs that do not add together

· Temporal Summation...2 excitatory stimuli close in time cause EPSPs that add together

· Spatial Summation...2 simultaneous stimuli at different locations cause EPSPs that add together (very quick EPSP

· Spatial Summation of EPSPs and IPSPs changes in membrane potentials can cancel each other out

Section 2.3: Muscles

· Some common features of all muscle cells include elongated cells = muscle fibers

Cardiac Muscle

· Only found in the heart.

· Striated, involuntary. Pacemaker sets the rates of contraction; neural input can increase the rate

· Constant 

Skeletal Muscle

· Attach to and cover the bony skeleton. Contain the longest muscle fibres

· Striated and voluntary; can contract rapidly but tires easily and must rest

· Strong and adaptable

Smooth Muscle

· Walls of the hollow organs and visceral organs

· Nonstriated and involuntary...slow, sustained contractions

Muscle Functions

· Generate movement: blood flow and pressure, locomotion, repiration etc

· Maintain Posture: constantly fighting gravity

· Joint stabilization: seen in the shoulders and knees when moving parts of the skeleton

· Generation of heat: Maintains body temperature..especially skeletal muscle

Functional Characteristics of Muscle

· Excitability or Irritability: receives and responds to stimuli...usually a chemical. The response = AP along the sarcolemma and muscle contraction

· Contractility: ability to shorten forcibly after stimulation

· Extensibility: ability to be stretched or extended

· Elasticity: Ability to resume resting length after being stretched

Microscopic Anatomy of Skeletal Muscle Fibre

· long, cylindrical cell with many oval shaped nuclei

· Muscle cell is said to be a syncytium (multiple nuclei)

· Cells are very big...diameters of 10-100 microns and even lengths in cm

· Sarcoplasm contains lots of glycogen and myoglobin (pigment to hold oxygen in the cell)

· Sarcolemma is the plasma membrane of a muscle cell

· Myofibrils

· Each muscle fibre (cell) consists of parallel myofibrils...makes up 80% of cell volume

· Myofilaments (actin, myosin) are arranged in a pattern forming end-to-end Sarcomeres (contractile unit of muscle)

· Epimysium = outer lining of the cell

· Perimysium = bundles of fibre (fasicle) held together

· Endomysium = coating of the muscle cell (individually)

· Sarcomeres extend from one Z-Disc (anchors thin(actin) filaments and connects all the myofibrils of a cell), to the next Z

· The actin filaments (thin) go across the I-Band (made of only actin) and partly into the A-Band (both actin and myosin)

· The myosin filaments (thick) go across the entire width of the A-Band

· H-Zone is characterized as an area with no thin filaments (relaxed muscle)

· M-Line consists of fine strands connecting adjacent thick filaments

· In the centre of the sarcomere, the thick filaments lack myosin heads. The myosin heads are only found in areas of myosin-actin overlap

Thick Myosin filaments

· rod-like tail with 2 heavy chains and 2 globular heads (ends of heavy chanins + 2 light chains = cross bridges)

· Myosins are arrayed so that the central part smooth and each end studded with many myosin heads...contains ATPase

Thin Actin filaments

· act as the binding sites for the myosin crossbridges

· F-Actin = filament

· G-Actin = globular

· Tropomyosin: consists of two strands. 

· Stiffens the filament and blocks the crossbridge binding sites

· Troponin: 3-polypeptide complex

· TnI is inhibitory

· TnT is troponin with tropomyosin

· TnC is the calcium biding part 

· The tropomyosin is moved out of the way of the blocking sites by troponin...only after Ca binds to it

Sarcoplasmic Reticulum

· Elaborate web of ER around each myofibril inside the PM

· Most sarcoplasmic Reticulum run longitudinally; pairs of terminal cisternae across A-I junctions

· The role of the SR is to regulate intracellular Ca+, it also stores Ca+ and releases it when muscle is stimulated to contract 

· T-Tubules are found at the A-I junction; sarcolemma penetrates cytoplasm to form these hollow, elongated tubes known as t-tubules

· stands for transverse tubule

· Helps to for the Triad (group of 3 structures...2 terminal cisternae and one t-tubule)

· The t-tubules help to bring the action potentials into the cell...so that they are not just at the outside edges of said cell

Sliding Filament Mechanism

· the muscle fibre shortens because the sarcomeres shorten; filaments remain the same length

· Thin (actin) filaments slide over the thick (myosin) filaments

· in a relaxed state, their is only a slight overlap of filaments

· While contracted the thin filaments penetrate more deeply into the A-Band...the Z-Discs are pulled toward thick filaments

· Overall:

· The distance between the Z-Discs is shortened

· The I-Bands shorten

· H-Zones disappear

· A-Bands stay the same length, but move closer together

· How does sliding occur?

· Stimulus to contact

· Myosin cross bridges attach to actin

· It then detaches and attaches numerous times to pull the thin filaments toward the centre of the sarcomere

· The muscle shortens as this process occurs simultaneously in all sarcomeres

· In Rigour Mortum  the muscles stay contracted because the body does not have the ATP needed for detachment of the myosin heads from the actin

Details on the Mechanism

· the intracellular concentration of Calcium is low: myosin binding sites on actin are blocked by tropomyosin

· With the influx of Ca+ ions, they bind to the troponin...changes the shape and results in the brief detachment from actin...this moves tropomysoin out of the way from the binding sites

· The single powerstroke of all of the myosin heads, results in a 1% shortening (on average about 30%)

· Only about 50% of the myosin heads are actively pulling at a time

· Relaxation of the muscle occurs as the SR reclaims the Ca+ 

Neuromuscular Junction and Nerve Stimulus

· Skeletal muscles are stimulated by motor neurons of the somatic nervous system

· 1 NMJ, in approximately the middle of the fibre, is the synaptic cleft

· The NT used is acetylcholine

· Events at the nerve-muscle synapse is identical to those in nerve-nerve connections

· Channels are chemically gated

· The Motor End Plate is directly opposite of the synapse...has the chemically gated channels

Generation of an AP across the Sarcolemma

· chemically gated channels: local depolarization which results in an AP in all directions

· Depolarization/Repolarization with Na+, then K+as for axon...The Na+/K+ pump restores the conc. of both ions

· Once initiated, the AP is unstoppable

· Acetylcholine is destroyed by an enzyme Acetylcholinesterase which is found on the sarcolemma of the NMJ

· The Latent Period of excitation-contraction coupling = non-instantaneous contraction of the muscle...allows for the neurotransmitters to diffuse etc

The Motor Unit

· consists of one motor nerve (at least 1/muslce)

· Hundreds of motor neuron axons

· each of these axons leads to many axonal terminals

· Each of these axonal terminals lead to a NMJ of a single muscle fibre (cell)

· The average number of muscle fibres per neuron is 150 (ranges from 4 – hundreds)

· When the neuron fires, ALL fibres contract 

Speed of Stimulation: Wave Summation and Tetanus

· Rapid rate of stimuli...each contraction builds on the previous

· The AP refractory period is always honoured

· Tetanus is the result of fused contractions. The inter-stimulus interval is too short to allow inter-twitch muscle relaxation...eventually followed by muscle fatigue

· A single stimulus can be delivered resulting in the muscle contracting and relaxing  

· If another stimulus is applied before the muscle relaxes completely, then more tension results...known as Wave or Temporal summation

Multiple Motor Unit Summation

· a means of increasing strength of contraction

· Threshold Stimulus = first observable response 

· Maximal Stimulus = strongest stimulus that produces an increase in contractile force (more motor units recruited)

· Smallest motor units are controlled by the most excitable neurons

· More intense stimulation recruits larger motor units

· Muscle Tone 

· even relaxed muscle is contracted a bit (tone) due to spinal reflexes...makes the muscle easier to use when needed

Isotonic vs Isometric Contractions

· Isotonic = muscle changes length and moves the load...concentric = shortening of the muscle...eccentric = lengthening of the muscle

· Isometric = tension increases but the muscle remains the same length 

· Trying to move/lift something just out of your muscles' abilities

· Most body movements are a mix of both

· In isotonic contractions. The thin filaments are sliding, but in isometric contractions the cross-bridges are generating frce but DO NOT move the actin filaments

Optimal Length-Tension Relationship

· Ideal when the muscle is slightly stretched...so that when you go to stimulate it, it is ready to go ASAP

· To maximize contractile force:

· Large #'s of muscle fibres needed

· Large muscle fibres

· High frequency of stimulation (Wave summation and tetanus)

· Muscle and Sarcomere stretched to slightly over 100% of resting length 

· The greater the load you are trying to affect, the longer the latent period = slower contraction = shorter contraction duration

