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Principle of complementarity of structure and function: anatomy and physiology are inseparable because function always reflects structure. What a structure can do depends on its specific form. 

Structural organization in the body:

Chemical level: atoms, tiny building blocks of matter, combine to form molecules. Molecules associate in specific ways to form organelles. 

Cellular level: all cells have some common function, but individual cells vary widely in size and shape, reflecting their unique functions in the body. 

Tissue level: are groups of similar cells that have a common function. The four basic tissue types in the human body are epithelium, muscle, connective tissue and nervous tissue. 

Organ level: extremely complex functions become possible. 

Organ system level: organs that work together to accomplish a common purpose. 

Organismal level: represents the sum total of all structural levels working together to keep us alive. 

Organelles are specialized cellular compartments or structures, each performing its own job to maintain the life of the cell. Most organelles are bounded by a membrane to maintain an internal environment different from that of the surrounding cytosol. This is crucial to cell functioning as enzymes would be randomly mixed and biochemical activity would be chaotic. The membrane also allows it to recognize and interact with other organelles. 

Mitochondria

Threadlike membranous organelles that are the power plants of a cell, providing most of its ATP supply. A mitochondria is enclosed by two membranes. The outer membrane is smooth and featureless and the inner membrane folds inward, forming shelflike cristae that protrude the matrix. Mitochondria contains there own DNA, RNA, and ribosomes and are able to reproduce themselves. 

Ribosomes

Small, dark-staining granules composed of proteins and a variety of RNAs called ribosomal RNAs. Ribosomes are sites of protein synthesis. Some ribosomes float freely (make soluble proteins) while others form the rough endoplasmic reticulum (synthesize proteins). 

Endoplasmic Reticulum

System of interconnected tubes and parallel membranes enclosing fluid-filled cavities or cristerns. There are two distinct varieties: rough ER and smooth ER. 

The external surface of the rough ER is studded with ribosomes which manufacture all proteins secreted from cells. It is also the cells membrane factory where proteins and phospholipids are manufactured. 

Smooth ER consist tubules arranged in a looping network. Its enzymes catalyze reactions in other task then protein synthesis. 

Golgi Apparatus

Consists of stacked and flattened membranous sacs associated with swarms of tiny membranous vesicles. It is the principle traffic director for cellular proteins. Its major function is to modify, concentrate and package the proteins and lipids at the rough ER and destined for export from the cell. 

Peroxisomes

Spherical membranous sacs containing a variety of powerful enzymes. Their most important function is to neutralize free radicals (highly reactive chemicals with unpaired electrons that can scramble the structure of biological molecules).  Oxidases (detoxify harmful substances with oxygen) convert free radicals to hydrogen peroxide. 

Lysosomes 

Spherical membranous organelles containing activated digestive enzymes, they can digest almost all kinds of biological molecules. They work best in acidic conditions. Lysosomes have two important functions, the contain H+ pumps that maintain the organelles acidic pH and retains dangerous acid hydrolases while permitting the final products of digestion to escape. They are considered the “demolition crew”. When lysosomes rupture the cell digests itself, a process called autolysis. 

The Endomembrane System

A system of organelles that work together mainly to 1) produce, degrade, store, and export biological molecules and 2) degrade potentially harmful substances. 

Cytoskeleton

An elaborate network of rods running through the cytosol and hundreds of accessory proteins that link these rods to other cell structures. It supports cellular structures and provides the machinery to generate various cell movements. The three types are microfilaments, intermediate filaments and microtubules. 

Microfilaments are the thinnest elements of the cytoskeleton and are semi-flexible strands of the protein actin. The terminal web is the dense cross-linked network of microfilaments attached to the cytoplasmic side of their plasma membrane. It strengthens the surface of the cell, resists compression and transmits force during cellular movements and shape changes. 

Intermediate filaments are tough insoluble protein fibers that resemble woven ropes. They are the most stable and permanent of the cytoskeletal elements and have high tensile strength. Their main job is to act as internal guy wires to resist pulling forces exerted on the cell. 

Microtubules are hollow tubes made of spherical protein subunits called tubulins. The stiff but bendable microtubules determine the overall shape of the cell, as well as the distribution of cellular organelles. Tiny protein machines called motor proteins continually move and reposition the organelles along the microtubules. 

Centrosomes and Centrioles

Centrosome acts as a microtubule organizing center, it is a granular looking matrix that contains paired centrioles (small organelles oriented at right angles to each other). The matrix generates microtubules and organizes the mitotic spindle in cel division. Centrioles also form the bases of cilia and flagella. 

Cilia and Flagella 

Cilia are whiplike motile cellular extensions that occur typically in large numbers on the exposed surfaces of certain cells. They move substances in one direction across cell surfaces. 

Flagella are projection formed by centrioles and are longer than cilia. It propels the cell itself.  

Basal bodies are centrioles forming the bases of cilia and flagella. The cilium has flexible cross-linking proteins and motor proteins that promote movement of the cilium or flagellum.  When a cilium moves it alternates between a power stroke and a recovery stroke. Primary cilia (non-motile cousin to motile cilia) function as antennae that probe the external environment for molecules. This allows them to coordinate several intracellular pathways that regulate embryonic development and maintain healthy tissues later in life. 

Microvilli

Minute, fingerlike extensions of the plasma membrane that project from an exposed cell surface. They increase the plasma membrane surface area. 

The Nucleus 

The gene containing nucleus is the control centre for the cell. It contains the instructions needed to build nearly all the body’s proteins. It also dictates the kinds and amounts of proteins to be synthesized at any one time in response to signals acting on the cell. Some cells and multinucleate (have many nuclie). Anucleate (without) cells cannot reproduce and therefore live in the bloodstream for only three to four months before they deteriorate. The nucleus has three recognizable regions: the nuclear envelope, nucleoli and the chromatin. 

The nuclear envelope is a double membrane barrier separated by a fluid filled space. The outer nuclear membrane is studded with ribosomes and the inner nuclear membrane is lined with nuclear lamina that maintain the shape of the nucleus and acts as a scaffold to organize DNA in the nucleus. At various points, the nuclear envelope is punctuated by nuclear pores (aqueous transport channel that regulates entry and exit of molecules and large particles into and out of the nucleus. 

Nucleoli are the spherical bodies found within the nucleus where ribosomal subunits are assembled. 

Chromatin is a system of bumpy threads weaving through the nucleoplasm. It is composed of 30% DNA, 60% histone proteins (package and regulate DNA), 10% RNA chains. When the cell is preparing to divide, the chromatin threads coil and condense to form chromosomes.
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Tissues 

Are groups of cells that are similar in structure and perform a common or related function. There are four primary tissue types that form the fabric of the body. 

Histology is the study of tissues and their cellular organization. 

Epithelial Tissue 

Is a sheet of cells that covers a body surface or lines a body cavity, two forms occur in the body:

· Covering and lining the epithelium
· Glandular epithelium (fashions the glands of the body)
Epithelium many functions are (1) protection (2) absorption (3) filtration (4) excretion (5) secretion (6) sensory reception.

Special Characteristics of Epithelium 

Polarity

All epithelia have an apical surface (an upper free surface exposed to body or organ exterior) and a lower attached basal surface. Most apical surfaces had microvilli, increase surface area. Some have motile cilia that propel substances along their free surface. Adjacent to the basal surface is a supporting sheet called the basal lamina. It acts as a selective filter that determines which molecules diffusing from the underlying connective tissue are allowed to enter the epithelium. 

Specialized Contacts 

Epithelial cells fit closely together to form continuous sheets. The tight junctions help to maintain epithelial polarity. 

Supported by Connective Tissue 

Deep to the basal lamina is the reticular lamina, a fine network containing collagen fibers that belong to the connective tissue. The two laminae form the basement membrane which helps reinforce the epithelial sheet, resist stretching and tearing, and defines the epithelial boundary. 

Avascular but Innervated 

Epithelium is avascular (contains no blood vessels) and innervated (supplied by nerve fibers). Epithelium cells are nourished by substances diffusing from blood vessels in the underlying connective tissue. 

Regeneration 

It has a high regenerative capacity as long as they receive adequate nutrition. 
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Classification of Epithelia 

Each epithelium has two names, the first indicates the number of cell layers and the second describes the shape of its cells. First name:

· Simple Epithelia consist of a single cell layer. 
· Stratified Epithelia is composed of two or more cell layers stacked on top of each other. 
Second name:

· Squamous Cells are flattened and scale like
· Cuboidal Cells are boxlike, as tall as they are wide 
· Columnar Cells are tall and column shaped 
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Simple Epithelia 

Are most concerned with absorption, secretion and filtration. Protection is not one of their specialties. 

The cells of a simple squamous epithelium are flattened laterally, and their cytoplasm is sparse. It is found where filtration or the exchange of substances by rapid diffusion is a priority. Two simple squamous epithelium has special names (1) Endothelium (in cardiovascular system) (2) Mesothelium (in serous membranes). 

Simple Cuboidal Epithelium important functions are secretion and absorption.

Simple Columnar Epithelium are mostly associated with digestion and secretion. 

Pseudostratified Columnar Epithelium cells rest on the basement membrane and only the tallest reach the free surface of the epithelium. It secretes or absorbs substances. 

Stratified Epithelia 

Are considerably more durable than simple epithelia and protection is their major role. 

Stratified Squamous Epithelium is the most widespread of the stratified epithelia and found in areas subjected to the most wear and tear. This epithelium forms the external part of the skin and extends a short distance into every body opening. 

Stratified Cuboidal  epithelium is quite rare in the body and mostly found in the ducts of larger glands. 

Stratified Columnar Epithelia occurs at transition areas or junctions between two other types of epithelia. 

Transitional Epithelium lines the bladder, an organ that has to fill – the basal layers are columnar to cuboidal and the apical layers become increasingly flattened & squamous-like as filling occurs. 

Glandular Epithelia 

A gland consists of one or more cells that make and secrete a particular product.  Secretion is an active process.  Glands are classified according to two sets of traits:

· Where they release their product, endocrine (internally secreting) or exocrine (externally secreting). 
· Relative cell number, unicellular (one celled) or multicellular (many celled). 
Endocrine Glands are often called ductless glands. The produces hormones. Most are compact multicellular organs. 

Exocrine Glands secrete their products onto body surfaces or into body cavities. 

a) Unicellular exocrine glands:

• no ducts because only one cell!

• really just the goblet cells (digestive & respiratory tracts)

b) Multicellular exocrine glands:

· epithelium-derived duct & secretory cells; surrounded by supportive CT which brings blood vessels & nerves
Multicellular exocrine glands can be classified by structure. 

- merocrine/eccrine: exocytosis, most common type pancreas, salivary glands, most sweat glands

- holocrine: cell rupture; only sebaceous glands

· apocrine: cell apex pinches off with secretory product
Connective Tissue 

Is the most abundant and widely distributed of the primary tissues. There are four main classes of connective tissue (1) connective tissue proper (2) cartilage (3) bone (4) blood. Connective tissues major functions are binding and supporting, protecting, insulating, storing reserve fuel and transporting substances within the body. 

Structural Elements of Connective Tissue

Ground Substances is the unstructured material that fills the space between the cells and contains fibers. It is filled of interstitial fluid, cell adhesion proteins and prteoglycans. It functions as a molecular sieve through which nutrients and other dissolved substances can diffuse between the blood capillaries and the cells. 

Connective Tissue Fibers provide support. Three types of fibers are found in connective tissue matrix:

· Collagen Fibers: are extremely tough and provide high tensile strength to the matrix. 
· Elastic Fibers: contains elastin that allows them to stretch and recoil like rubber bands. 
· Reticular Fibers: form delicate network that surround small blood vessels and support soft tissues. 
Connective Tissue Cells 

Each major class of connective tissue has a resident cell type that exists in immature (blast) and mature (cyte) forms. Blasts are actively dividing/synthesizing cells during growth & repair. While cytes primarily provide a level of maintenance. 
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Types of Connective Tissue 

Mesenchyme first tissue formed during embryonic development and eventually differentiates into all other connective tissue cells. However some cells remain and provide a source of new cells in mature connective tissues. 

Connective Tissue Proper has two subclasses: loose connective tissues and dense connective tissues. 

Loose Connective Tissue 

Areolar Connective Tissue functions include cushioning of organs, immunity (macrophages), inflammation, and fluid reservoir.  Its gel-like matrix has all  three fiber types. Its cells contain fibroblasts, macrophages, mast cells, and some white blood cells. Areolar connective tissue has a loose arrangement of fibers that provide a reservoir of water and salts but is also a prime site of edema during inflammatory reaction. 

Adipose tissue is similar to areolar tissue in structure and function but its nutrient storing ability is much greater. Adipocytes (fat cells) account for 90% of this tissues mass. The nucleus is displaced to one side. There are white fat (stores nutrients) and brown fat (abundant mitochondria to heat up the blood stream). 

Reticular Connective Tissue are like areolar connective tissue but only contains reticular fibers in its matrix. 

Dense Connective Tissue 

Dense Regular Connective Tissue contain closely packed bundles of collagen fibers running in the same direction. This arrangement results in flexible structures with great resistance to tension (pulling forces). It forms tendons (muscle to bone) and ligaments (bone to bone). 
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Dense Irregular Connective Tissue bundles of collagen fibers are much thicker then regular and they are arranged irregularly (run in more than one plane). 
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Elastic Connective Tissue are like dense regular connective tissue but have a very high content of elastic fibers. 

Cartilage

Cartilage stands up to both tension and compression. It is tough but flexible, providing a resilient rigidity to the structures it supports. It is avascular and receives its nutrients by diffusion from blood vessels located in the connective tissue membrane surrounding it. Its ground substance contains lots of glucose amino glycans chondroitin sulfate and hyaluronic acid. Cartilage is also 80% water. 

Bone

Has an exceptional ability to support and protect the body structures. Bone also provides cavities for storing fat and synthesizing blood cells. 

Osteoblasts: immature cells important during growth and repair 

Osteocytes: reside in little canals in bone and maintain the bone over the years 

Osteoclasts: digest bone if our blood calcium levels are low

Blood

The fluid within blood vessels, it is developed from mesenchyme and consists of blood cells surrounded by a nonliving fluid matrix called blood plasma. The fibers of blood are soluble protein molecules that precipitate and are only visible during clotting. 

Human Anatomy & Physiology 

September 12 Lecture 

Plasma Membrane

Is a flexible membrane that defines the extent of a cell by separating the intracellular fluid within cells and extracellular fluid outside cells. 
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The fluid Mosaic Model

The fluid mosaic model of membrane structure depicts the plasma membrane as a thin structure composed of a double layer or lipid molecules with protein molecules dispersed in it. The proteins form a constantly changing mosaic pattern. 

Membrane Lipids

The lipid bilayer is constructed from phospholipids, glycolipids, cholesterol and lipid rafts. 

Phospholipids has a polar head that is charged and is hydrophilic (water loving) and an uncharged, nonpolar tail that is made of two fatty acid chains and is hydrophobic. The polar heads lie on both the inner and outer surfaces of the membrane. The tails line up in the center of the membrane. Most membrane phospholipids are unsaturated which kinks their tails (increasing the space between them) and increases membrane fluidity. 

Glycolipids are lipids with attached sugar groups. Their sugar groups make the end of the glycolipid molecule polar, whereas the fatty acid tails are nonpolar. 

Cholesterol has a polar region (hydroxyl group) and nonpolar region (its fused ring system). It wedges in between the phospholipid tails stabilizing the membrane while decreasing mobility of the phospholipid and the fluidity of the membrane. 

Membrane Proteins 

A cells plasma membrane bristles with proteins that allow it to communicate with its environment. They are responsible for most of the specialized membrane functions. There are two types: 

Integral Proteins are firmly inserted into the lipid bilayer. They have both hydrophobic and hydrophilic regions. This allows them to interact with both the tails and the water inside and outside the cell. Some are involved in transport, carriers and some are enzymes and chemical messengers. 

Peripheral Proteins are attached loosely to integral proteins and are easily removed without disrupting the membrane. They help support the membrane from its cytoplasmic side. 

Lipid Rafts are dynamic assemblies of saturated phospholipids associated with unique lipids called sphingolipids and lots of cholesterol. They are more stable and less fluid than the rest of the membrane. Lipid rafts are assumed to be concentrating platforms for certain receptor or protein molecules needed for cell signaling. 

Glycocalyx

Carbohydrate rich area at the cell surface, enriched both by glycolipids and by glycoproteins secreted by the cell. The glycocalyx provides a highly specific biological marker which approaching cells recognize. 

Cell Junctions 

Three factors act to bind cells together:

1. Glycoproteins in the glycocalyx act as an adhesive 

2. Wavy contours of the membrane of adjacent cells fit together in a tongue and groove fashion

3. Special cell junctions form 

Tight junction

In a tight junction a series of integral protein molecules in the plasma membranes adjacent cells fuse together, forming an impermeable junction that encircles the cell. 

Desmosomes

Are anchoring junctions, mechanical couplings scattered like rivets along the sides of abutting cells to prevent their separation. on the cytoplasmic face of each plasma membrane is a plaque. Adjacent cells are held together by linker protein filaments that extend from the plaques to fit together (like a zipper). Thicker keratin filaments extend from the plaque across the width of the cell to anchor to the plaque on the cells opposite side. 

Gap junctions 

Is a communicating junction between adjacent cells. The cells are connected by hollow cylinders called connexons, composed of transmembrane proteins. 


[image: image9]
Interstitial fluid is what our cells are bathed in that is derived from the blood. It contains thousands of ingredients including amino acids, sugars, fatty acids, vitamins, regulatory substances and waste products. The cell must extract from this mix what it needs to remain healthy. 

Passive processes

Substances passes across the membrane without any energy input from the cell. There are two main types of passive transport, diffusion and filtration. 

Diffusion is the tendency of molecules or ions to move from an area where they are in higher concentration to an area where they are in lower concentration. 

Simple Diffusion 

Nonpolar and lipid soluble substances diffuse directly through the lipid bilayer. 

Facilitated Diffusion 

Certain molecules, some amino acids and ions are transported passively even though they are unable to pass through the lipid bilayer. Instead they move through the membrane by a passive transport process called facilitated diffusion in which the transported substances either binds to protein carriers in the membrane and is ferried across or moves through water filled protein channels. 

Carriers are transmembrane integral proteins that are specific for transporting certain polar molecules or classes of molecules that are too large to pass through membrane channels, 

Channels are transmembrane proteins that transport substances through aqueous channels from one side of the membrane to the other. Channels are selective due to pore size and the charges of the amino acids lining the channel, 

Osmosis is the diffusion of a solvent through a selectively permeable membrane. Whenever the water concentration differs on the two sides of a membrane osmosis occurs. If the solute concentration on the two sides of the membrane differ, water concentration will differ as well (as solute concentration increases, water concentration decreases). 

Osmolarity is the total concentration of all solute particles in a solution.  

Aquaporins are channels where water can also move freely and reversibly. They allow single-file diffusion of water molecules. 

As water diffuses into the cell, the point is finally reached where the Hydrostatic pressure (the back pressure exerted by water against the membrane) within the cell is equal to its Osmotic pressure (the tendency of water to move into the cell by osmosis). 

Tonicity refers to the ability of a solution to change the shape or tone of cells by altering the cell’s internal water volume. 

· Isotonic (same tonicity) solutions have the same concentrations of non-penetrating solutes as those found in cells. Cells exposed to isotonic solutions retain their normal shape, and exhibit no loss or water gain. 
· Hypertonic solutions have a higher concentration of non-penetrating solutes than seen in the cell. Cells immersed in hypertonic solutions lose water and shrink. 
· Hypotonic solutions are more dilute than cells. Cells placed in hypotonic solution plump up rapidly as water rushes into them. 
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Active Transport 

Requires carrier proteins that combine specifically and reversibly with the transported substances. They move solutes against concentration gradient. In a symport system the two transported substances move in the same direction and in antiport system the transported substances cross the membrane in opposite directions. 

In primary active transport the hydrolysis of ATP results in the phosphorylation of the transport protein. The protein changes shape and pumps the solute across the membrane. 

Sodium potassium pump is where carrier enzymes called Na+ -K ATPase activate the transport. The concentration of K inside the cell is 10x higher  that the outside, and the reverse is true of Na. The pump drives Na out of the cell against the concentration gradient and pumps K back in. 
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Secondary active transport is where a single ATP powered pump can indirectly drive the the transport by moving sodium across the plasma membrane against its concentrating gradient and the pump store energy. Then a substance pumped across a membrane can do work as it leaks back, propelled along the concentration gradient. 

Vesicular Transport

Fluids containing large particles and macromolecules are transported across cellular membranes in side membranous sacs called vesicles. Vesicular transport moves substances into the cell and out of the cell. Vesicular transport are energized by ATP. 

Phagocytosis is when the cell engulfs some relatively large material. This helps the body by protecting by ingesting and disposing of bacteria, other foreign substances and dead tissue cells. Most phagocytes move about by amoeboid motion, the flowing of their cytoplasm into temporary extensions which allows them to creep along. 

Pinocytosis is when a bit of infolding plasma membrane surrounds a very small volume of extracellular fluid containing dissolved molecules. This droplet enters the cell and fuses with an endosome. 

Receptor mediated endocytosis is the main mechanism for the specific endocytosis and transcytosis of most macromolecules by body cells. It allows cells to concentrate material that is present only in small amounts in the extracellular fluid. 

Caveolae flask shaped inpocketings of the plasma membrane are involved in a unique kind of receptor mediated endocytosis. 

Exocytosis is a vesicular transport processes that eject substances from the cell interior into the extracellular fluid. 

Human Anatomy & Physiology 
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Neurons 

Are the structural units of the nervous system. They are typically large, highly specialized cells that conduct messages in the form of nerve impulses from one part of the body to another. 

· extreme longevity

· neurons are amitotic, as they assume their roles as communicating links they lose their ability to divide. 

· high metabolic rate, they require continuous and abundant supplies of oxygen and glucose. 

Neuron Cell Body 

It consists of a spherical nucleus with a conspicuous nucleolus surrounded by cytoplasm. The cell body is the major biosynthetic center of a neuron and so it contains the usual organelles needed to synthesize proteins and other chemicals. 

The neuron cell body’s protein consists of clusters of free ribosomes and rough endoplasmic reticulum. The Golgi apparatus forms an arc around the nucleus. 

Mitochondria are scattered among the other organelles. Microtubules and neurofibrils are important for maintaining cell shape and integrity. 

The cell body is the focal point for the outgrowth of neuron processes during embryonic development. 

Most neurons are located in the CNS, clusters of neuron cell bodies in the CNS are called nuclei. Those that lie along the nerves in the PNS are called ganglia. 

Neuron Processes 

Armlike processes extend from the cell body of all neurons. The brain and spinal cord contain both neuron cell bodies and their processes. The PNS consists chiefly of neuron processes. Bundles of neuron processes are called tracts. 

The two types of neuron processes, dendrites and axons differ ins structure and function. 

Dendrites of motor neurons are short, tapering, diffusely branching extensions. They are the main input regions, they provide an enormous surface area for receiving signals from other neurons. Dendrites convey incoming messages toward the cell body. These signals are short distance signals called graded potentials. 

Each neuron has a single axon. The initial region of the axon arises from a coneshaped area called the axon hillock and then narrows to form a slender process that is uniform in diameter for the rest of its length. Any long axon is called a nerve fiber. Axons have occasional branches along their length. Theses branches called, axon collaterals extend from the axon at more or less right angles.

Functionally the axon is the conducting region of the neuron. It generates nerve   impulses and transmits them, typically away from the cell body, along the axolemma (plasma membrane). When the impulses reaches the axon terminals, it causes neurotransmitters to be released into the extracellular space. The neurotransmitters either excite or inhibit neurons. An axon lacks the rough ER and a Golgi apparatus. It depends on its cell body to renew the necessary proteins and membrane components and on efficient transport mechanisms to distribute them. 

Substances travel continuously along the axon both away from and toward the cell body. Movement away from the cell body is anterograde movement and towards is retrograde movements. 

Myelin Sheath

Many nerve fibers are covered with a whitish, fatty segmented myelin sheath. It protects and electrically insulates fibers, and it increases the transmission speed of nerve impulses. Myelinated fibers conduct nerve impulses rapidly, whereas nonmyelinated fibers conduct impulses more slowly. 

Myelin sheaths in the PNS are formed by Schwann cells, which indent to receive an axon and then wrap themselves around it. When the wrapping process is complete, many concentric layers of Schwann cell plasma membrane enclose the axon. 

Adjacent Schwann cells along an axon do not touch one another, so there are gaps in the sheath. These nodes of Ranvier occur at regular intervals along the myelinated axon.

In the CNS it is the oligodendrocytes that form myelin sheaths. An oligodendrocyte has multiple flat processes that can coil around as many as 60 axons at the same time. 

Regions of the brain and spinal cord containing dense collections of myelinated fibers are referred to as white matter and are primarily fiber tracts. Gray matter contains mostly nerve cell bodies and nonmyelinated fibers. 
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Membrane Potentials 

When a neuron is adequately stimulated, an electrical impulse is generated and conducted along the length of its axon. This response is called the action potential and is always the same and underlines virtually all functional activities of the nervous system. 

Basic Principles of Electricity 

The human body is electricity neutral, it has the same number of positive and negative charges. The coming together of opposite charges liberates energy that can be used to do work. In situations which there are separated electrical charges of opposite sign have potential energy. 

Voltage is the measure of potential energy generated by separated charge and is measured in either volts or millivolts. Voltage is always measured between two points and is called the potential difference. 

The flow of electrical charge from one point to another is a current and it can be used to do work. The amount of charge that moves between two points depends on two factors: voltage and resistance (the hindrance to charge flow provided by substances through which the current must pass). Substances with high electrical resistance are insulators and those with low resistance are conductors. 

Ohm’s law gives the relationship between voltage, current and resistance:

Current (I) = Voltage / Resistance 

1) current is directly proportional to voltage. The greater the voltage, the greater the current

2) there is no net current flow between points that have the same potential

3) current is inversely related to resistance, the greater the resistance the smaller the current 

In the body electrical current reflect the flow of ions across cellular membranes. 

Role of Membrane Ion Channels 

The plasma membrane are peppered with a variety o membrane proteins that act as ion channels. Each of these channels is selective as to the type of ion it allows to pass. Some channels, nongated channels are always open while others are gated. There are three main types:

1) chemically gated channels open when the appropriate chemical binds

2) Voltage gated channels open and close in response to changes in the membrane potential

3) Mechanically gated channels open in response to physical deformation of the receptor 

When gated ion channels open, ions diffuse quickly across the membrane following their electrochemical gradients, creating electrical currents and voltage changes across the membrane. Ions move along electrical gradients when they move toward an area of opposite electrical charge. Together electrical and concentration gradients constitute the electrochemical gradient. 

The Resting Membrane Potential 

The inside of the cytoplasmic side of the membrane is negatively charged relative to the outside. This potential difference in a resting neuron is called the resting membrane potential, and the membrane is said to be polarized. Two factors generate the resting potential: differences in the ionic composition of the intracellular and extracellular fluids, and differences in the permeability of the plasma membrane to those ions. 

Difference in Ionic Composition 

The cell cytosol contains a lower concentration of Na+ and a higher concentration of K+ than the extracellular fluid. Negatively charged proteins help to balance the positive charges of intracellular cations (K+). In the extracellular fluid, the positive charges of Na+ are balanced by chloride ions. 

Differences in Plasma Membrane Permeability 

At rest the membrane is permeable to sodium, 25 times more permeable to potassium than to sodium and quite permeable to chloride ions. Potassium ions diffuse out of the cell along their concentration gradient much more easily than sodium ions can enter the cell along theirs. K+ flowing out of the cell causes the cell to become more negative inside. The sodium potassium pump ejects three Na+ and transports two K+ back into the cell. 

Changes in membrane potential can produce two types of signals:

- Graded potentials, which are usually incoming signals operating over short distances 

· Action potentials, which are long distance signals of axons 
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Depolarization is a decrease in membrane potential: the inside of the membrane becomes less negative than the resting potential. 

Hyperpolarization is an increase in membrane potential: the inside of the membrane becomes more negative than the resting potential. 

Graded Potentials 

Are short lived, localized changes in membrane potential that can be either depolarizations or hyperpolarization. There magnitude varies directly with stimulus strength. The stronger the stimulus, the more the voltage changes and the father the current flows. The depolarization spreads as the neighboring membrane “patch” is depolarized. 

Action Potentials 

Is a brief reversal of membrane potential. Depolarization is followed by depolarization and often a short period of hyperpolarization. Action potential do not decay with distance. A neuron generates a nerve impulse only when adequately stimulated. The stimulus changes the permeability of the neurons membrane by opening specific voltage gated channels on the axon. 

Generation of an Action Potential

1. Resting state: all gated Na+ and K+ channels are closed. 

2. Depolarization: Na+ channels open 

3. Repolarization: Na+ channels are inactivating, and K+ channels open 

4. Hyperpolarization: Some K+ channels remain open and Na+ channels reset
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Threshold and All or None Response 

The depolarization must reach the threshold values if an axon is to fire. Threshold is the membrane potential at which the outward current is created by K+ movement is exactly equal to the inward current created by Na+ movement. 

An AP is an all or none phenomenon: it either happens completely or doesn’t happen at all. If the number of Na+ ions entering the cell is too low to achieve threshold, no AP will occur. 

Propagation of an Action Potential 

If it is to serve as the neurons signaling device an AP must be propagated along the axons entire length. The AP propagates away from its point of origin. APs are initiated at one end of the axon and conducted away from that point toward the axons terminals. Once initiated an AP is self-propagating and continues along the axon at a constant velocity.  

Strong stimuli generate nerve impulses ore often in a given time interval than do weak stimuli. Stimulus intensity is coded for by the number of impulses per second, by the frequency of action potential. 

Refractory Periods 

When a patch of neuron membrane is generating an AP and its voltage gated sodium channels are open, the neuron cannot respond to another stimulus, called the absolute refractory period. It ensures an all or none event and enforces one way transmission of the AP. 

Relative refractory period is the interval following the absolute refractory period. During this period Na+ channels have returned to there resting state and K+ channels are still open, and repolarization is occurring. Strong stimuli trigger more frequent APs by intruding into the relative refractory period. 

Conduction Velocity 

The rate of impulse propagation depends largely on two factors:

1. Axon diameter: the larger the axon’s diameter, the faster it conducts impulses. 

2. Degree of myelination: action potentials propagate because they are regenerated by voltage-gated channels in the membrane. In continuous conduction the channels are immediately adjacent to each other, making conduction relatively slow. 

Classification of Nerve Fibers 

· Group A fibers: mostly somatic sensory and motor fibers serving the skin skeletal muscles and joints. They have the largest diameter and thick myelin sheaths. 

· Group B fibers: lightly myelinated fibers of intermediate diameter. 

· Group C fibers: have the smallest diameter and are nonmyelinated. The conduct impulses at leisurely pace. 

The Synapse 

Is a junction that mediates information transfer from one neuron to the next or from a neuron to an effector cell - its where the action is. Synapses between the axon endings of one neuron and the dendrites of other neurons are axodendritic synapses. Synapses between axons (axoaxonal), between dendrites (dendrodendritic) and between cell bodies and dendrites (somatodendritic). 

The neuron conducting impulses toward the synapse is the presynaptic neuron and the neuron transmitting the electrical signal away from the synapse is the postsynaptic neuron. At the given synapse, the presynaptic neuron sends the information, and the postsynaptic neuron receives the information. 
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Electrical Synapses 

Consists of gap junctions like those found between certain other body cells. They contain protein channels, called connexons, that connect the cytoplasm of adjacent neurons and allow ions and small molecules to flow directly from one neuron to the next. The provide a simple means of synchronizing the activity of all interconnected neurons. 

As the nervous system develops, chemical synapses replace some electrical synapses. 

Chemical Synapses 

Are specialized to allow the release and reception of chemical neurotransmitters. A typical chemical synapse is made up of two parts:

· an axon terminal of the presynaptic neuron that contains synaptic vesicles 

· a neurotransmitter receptor region on the postsynaptic neurons membrane 

The presynaptic and postsynaptic membranes are always separated by synaptic cleft. Transmission across electrical synapses is a purely electrical event. 

Information transfer Across Chemical Synapses

1) Action potential arrives at axon terminal. 

2) Voltage gated Ca2+ channels open and Ca2+ enters the axon terminal. 

3) Ca2+ entry causes synaptic vesicles to release neurotransmitter by exocytosis. 

4) Neurotransmitter diffuse across the synaptic cleft and binds to specific receptors on the postsynaptic membrane. 

5) Binding of neurotransmitter opens ion channels, creating graded potentials. 

6) Neurotransmitter effects are terminated in one of three ways:

· Reuptake where neurotransmitters is stored or destroyed by enzymes

· Degradation by enzymes associated with the postsynaptic membrane or present in the  synapses 

· Diffusion away from the synapses 

Synaptic Delay 

The synaptic delay makes transmission across the chemical synapse the rate limiting step of neural transmission.

Postsynaptic Potentials and Synaptic Integrations 

Chemically gated channels are relatively insensitive to changes in membrane potential. Therefore channel openings cannot possibly become self generating. Instead neurotransmitters receptors mediate graded potentials. Chemical synapses are either excitatory or inhibitors. 

Excitatory Synapses and EPSPs 

Neurotransmitters binding depolarizes the postsynaptic membrane. If enough neurotransmitter binds, depolarization of the postsynaptic membrane and reach well over an axon’s threshold for “firing off: an AP. However postsynaptic membrane generally do not generate APs. For this reason, instead of APs, local graded depolarization events called excitatory postsynaptic potentials (EPSPs) occur at excitatory postsynaptic membranes. The only function of EPSPs is to help trigger an AP distally at the axon hillock of the postsynaptic neuron. If currents is strong enough an AP is generated. 

Inhibitory Synapses and IPSPs

Binding of neurotransmitters at inhibitory synapses reduces a postsynaptic neuron’s ability to generate an AP. Most inhibitory neurotransmitters hyperpolarize the postsynaptic membrane by making the membrane more permeable to K+ or Cl-. Hyperpolarizing changes in potential are called inhibitory postsynaptic potentials (IPSPs). 

Integration and Modification of Synaptic Events 

A single EPSP cannot induce an AP in the postsynaptic neuron, but EPSPs can add together or summate, to influence the activity of a postsynaptic neuron. Two types of summation occur:

1. Temporal Summation: occurs when one or more presynaptic neurons transmit impulses in rapid fire order and bursts of neurotransmitter are released in quick succession. 

2. Spatial Summation: occurs when the postsynaptic neuron is stimulated simultaneously by large number of terminals from one or many presynaptic neurons. 

Each neurons axon hillock keeps a running account of all the signals it receives. They function as neural integrators, and their potential at any time reflects the sum of all incoming neural information.

Facilitated: more easily excited by successive depolarization events.

Synaptic Potential

Repeated or continuous use of a synapse enhances the presynaptic neurons ability to excite the postsynaptic neuron, producing larger than expected EPSPs. Brief high frequency stimulation partially depolarizes the postsynaptic membrane which causes certain chemically gated channels called NMDA receptors to allow Ca2+ to enter. This activates certain kinase enzymes that promote changes resulting in more effective responses to subsequent stimuli. 

Presynaptic Inhibition

Occurs when the release of excitatory neurotransmitters by one neuron inhibited by the activity of another neuron via an axoaxonal synapse. The end result is that less neurotransmitters is released and bound, forming smaller EPSPs. 
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Human Anatomy & Physiology 

September 24 Lecture 

Types of Muscle Tissue 

Skeletal Muscle

Skeletal muscle tissue is packaged into the skeletal muscles that attach to and cover the bony skeleton. Skeletal muscle fibers are the longest muscle cells and have obvious stripes called striations. Skeletal muscle is called voluntary muscle because it is the only type subjected to conscious control. It is responsible for the overall body mobility. 

Cardiac Muscle 

Cardiac muscle tissue occurs only in the heart where it constitutes the bulk of the heart wall. Cardiac muscles are striated but it is not voluntary. It contracts without being stimulated by the nervous system. 

Smooth Muscle

Smooth muscle tissue is found in the walls of hollow visceral (stomach, bladder, respiratory passages). Its role is to force fluids and other substances through internal body channels. It consists of elongated cells (no striations). It is not subject to voluntary control. 

Special Characteristics of Muscle Tissue 

Excitability is the ability to receive and respond to a stimulus that is any change in the environment either inside or outside the body. 

Contractility is the ability to shorten forcibly when adequately stimulated. 

Extensibility is the ability to extend or stretch. 

Elasticity is the ability of a muscle cell to recoil and resume its resting length after stretching. 

Muscle Functions 

Producing Movement: just about all movements of the human body and its parts result from muscle contraction. 

Maintaining Posture and Body Position: muscles function continuously, making one tiny adjustment after another to counteract the never ending downward pull of gravity. 

Stabilizing Joints: stabilize and strengthen the joints of the skeleton. 

Generating Heat: muscles generate heat as they contract. This heat is important in maintaining normal body temperature. 

Skeletal Muscle 

Gross Anatomy of a Skeletal Muscle 

Each skeletal muscle is a discrete organ, made up of several types of tissue. Skeletal muscle fibers, blood vessels, nerve fibers, and connective tissue are also present. 

Nerve and Blood Supply 

In general, one nerve, one artery, and one or more veins serve each muscle. These structures all enter and exit near the central part of the muscle. Each skeletal muscle fiber is supplied with a nerve ending that controls its activity. Skeletal muscle has a rich blood supply because contracting uses huge amounts of energy and require almost continuous delivery of oxygen and nutrients via the arteries. They also give off large amounts of metabolic wastes that must be removed by the veins. 

Connective Tissue Sheaths 

In an intact muscle several different connective tissue sheaths wrap individual muscle fibers which support each cell and hold together the muscle as a whole. 

· the epimysium is an overcoat of dense irregular connective tissue that surrounds the whole muscle. 
· Fascicle are grouped muscle fibers within each skeletal muscles. Surrounding each fascicle is a layer of fibrous connective tissue called perimysium. 
· the endomysium is a wispy sheath of connective tissue that surrounds each individual muscle fiber. 
Attachments 

When a muscle contracts, the moveable bone (the muscles insertion) moves towards the immovable bone (the muscles origin). Muscle attachments may be indirect or direct. 

· In direct, the epimysium of the muscle is fused to the periosteum of a bone or perichondrium of a cartilage. 
· In indirect attachments the muscles connective tissue wrappings extend beyond the muscle either as a rope like tendon or as a sheetlike aponeurosis. The tendon or aponeurosis anchors the muscle to the connective tissue covering of a skeletal element or to the fascia of other muscles. 
Indirect attachments are much more common because of their durability and small size. 

Microscopic Anatomy of a Skeletal Muscle Fiber 

Each skeletal muscle fiber is a long cylindrical cell with multiple oval nuclei just beneath its sarcolemma or plasma membrane. 

Sarcoplasm, the cytoplasm of the muscle cell, is similar to the cytoplasm of other cells but it contains large amounts of glycosomes and myoglobin. 

A muscle cell contains three structures that are highly modified:

Myofibrils: a single muscle fibers contains hundreds to thousands of rodlike myofibrils that run parallel to its length. They are very densely packed in the fiber. They contain the contractile elements of skeletal muscle cells. Striations are evident along the length of each myofibril. The region of the myofibril, sarcomere is the smallest contractile unit of a muscle fiber. Myofilaments are even smaller structures within the sarcomere. 

Muscle contraction depends on the myosin (thick filaments) and actin (thin filaments) containing myofilaments. Each myosin consists of two heavy and four light polypeptide chains, and has a rod like tail attached to flexible hinge to two globular heads. During contraction, they link the thick and thin filaments together forming cross bridges that act as motors to generate force. 

Actin has polypeptide subunits called globular actin which bear the active sites to which the myosin heads attach during contraction. Polypeptide strands of tropomyosin spiral about the actin core and help stiffen and stabilize it. Troponin is a globular three polypeptide complex 1) is an inhibitory subunit that binds to actin 2) binds to tropomyosin and helps position it on actin 3) binds calcium ions. 

Elastic filaments composed of titin holds the thick filaments in place, maintaining organization and helps muscle cells spring back into shape. 

Dystrophin links the thin filaments to the integral proteins of the sarcolemma. 
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Sarcoplasmic Reticulum and T Tubules 

Skeletal muscle fibers contain two sets of intracellular tubules that help regulate muscle contraction: 

Sarcoplasmic Reticulum: is an elaborate smooth endoplasmic reticulum. Its interconnecting tubules surround each myofibril. Most Sr tubules run longitudinally along the myofibril. Others called terminal cisterns form larger, perpendicular cross channels and allows occur in pairs. The SR regulates intracellular levels of ionic calcium. It stores calcium and releases it on demand when the muscle fiber is stimulated to contract. 

T Tubules: is an elongated tube formed from the sarcolemma of the muscle cell that protrudes deep into the cell interior. It tremendously increases the muscle fiber’s surface area. Each T tubule runs between the paired terminal cisterns of the SR, forming triads. T tubules conduct impulses to the deepest regions of the muscle cell and every sarcomere. These impulses signal for the release of calcium. 

(SR Blue)
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Sliding Filament Model of Contraction 

Contraction refers to the activation of myosin’s cross bridges, which are the force generating sites. If the cross bridges generate enough tension on the thin filaments shortening will occur. Contraction ends when the cross bridges become inactive, the tension declines and the muscle fibers relax. 

The sliding filament model of contraction states that during contraction the thin filaments overlap to a greater degree. 

Physiology of Skeletal Muscle Fibers 

For a skeletal muscle fiber to contract:

1. The fiber must be activated (stimulated by a nerve ending so that a change in membrane potential occurs). 
2. It must generate an action potential in its sarcolemma. 
3. The action potential is automatically propagated along the sarcolemma. 
4. Intracellular calcium ion levels must rise briefly, providing the final trigger for contraction 
The Nerve Stimulus and Events at the Neuromuscular Junction 

The nerve cells that activate skeletal muscle fibers are called somatic motor neurons. These motor neurons reside in the brain or spinal cord, but their axons travel, bundled within nerves, to the muscle cells they serve. 

A motor neuron stimulates a skeletal muscle fiber by:

· nerve impulses that reach the end of an axon, then the axon terminal releases ACh into the synaptic cleft. 
· ACh diffuses across the cleft and attaches to ACh receptors on the sarcolemma of the muscle fiber. 
· ACh binding triggers electrical events that ultimately generate an action potential 
Acetylcholinesterase terminate the effects of ACh by breaking it down. This prevents continued muscle fiber contraction in the absence of additional nervous system stimulation. 

Generation of an Action Potential Across the Sarcolemma 

A resting sarcolemma is polarized. Once an action potential is initiated, they occur along the entire surface of the sarcolemma. Essentially three steps are involved:

1. Generation of an end plate potential: binding of ACh molecules to ACh receptors opens chemically gated ion channels that allow Na+ and K+ to pass, however more Na+ diffuses in than K+ diffuses out. This creates a less negative interior and depolarization, initially end plate potential, occurs. 
2. Depolarization, Generation and Propagation of an Action Potential: the end plate potential ignites an action potential by spreading to adjacent membrane areas and opening voltage gated sodium channels there. Na+ enters, and once the threshold is reached an action potential is generated. The action potential propagates ( moves along the length of the sarcolemma). 
3. Repolarization: Restoring the sarcolemma to its initial polarized state: The repolarization wave is a consequence in changes in a membrane permeability (restores negativity charged conditions inside). 
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Excitation - Contraction Coupling 

Is the sequence of events by which transmission of an action potential along the sarcolemma causes myofilaments to slide. The electrical signal does not act directly on the myofilaments. Instead it causes the rise in intracellular levels of calcium ions, which allows the filaments to slide. 

Muscle Fiber Contraction: Cross Bridge Cycling

When intracellular calcium levels are low, the muscle cell is relaxed and tropomyosin molecules physically block the active sites on actin. As Ca2+ levels rise, the ions bind to regulatory sites on troponin. Once binding sites on actin are exposed, the events of cross bridge cycle occur in rapid succession. 

The thin filaments continue to slide as long as the calcium signal and adequate ATP are present. As the Ca2+ pumps of the SR reclaim calcium ions from the cytosol and troponin again changes shape and blocks actin’s myosin-binding sites. The contraction ends and the muscle fiber relaxes. 


[image: image20]
Contraction of a Skeletal Muscle 

In its relaxed state a muscle is soft and unimpressive, however it can contract and become a hard elastic structure with dynamic characteristics. 

· the force exerted by a contracting muscle on an object is called muscle tension. The force exerted on the muscle by the weight of the object to be moved is called the load 
· isometric is when a muscle tension develops but the load is not moved 
· isotonic is when the muscle tension developed overcomes the load and muscle shortening occurs 
The Motor Unit

Consists of one motor neuron and all the muscle fibers it innervates or supplies. When a motor neuron fires all the muscle fibers it innervates contract. Muscles that exert fine control have smaller motor units. By contrasts, large weight bearing muscles whose movements are less precise have large motor units. The muscle fibers in a single motor unit are spread throughout the muscle. As a result stimulation of a single motor unit causes a weak contraction of the entire muscle. 

The Muscle Twitch 

Is a motor units response to a single action potential of its motor neuron. The muscle fibers contract quickly then relax. Three distinct phases are:

1. Latent Period: is the first few milliseconds following stimulation when excitation contraction coupling is occurring. Cross bridges being to cycle but muscle tension is not yet measurable.
2. Period of Contraction: cross bridges are active from the onset to the peak of tension development. If the tension (pull) becomes great enough to overcome the resistance of the load, the muscle shortens. 
3. Period of Relaxation: is the final phase, it is initiated by reentry of Ca2+ into the SR. Because contractile force is declining, muscle tension decreases to zero. 
Graded Muscle Responses 

Contractions are relatively smooth and vary in strength as different demands are placed on them. These variations needed for proper control of skeletal movement are graded muscle responses. 

Can be graded in two ways: 

By changing the frequency of stimulation: the nervous system achieves greater muscular force by increasing the firing rate of motor neurons. This is called the wave or temporal summation occurs because the second contraction occurs before the muscle has completely relaxed. Muscle tension produced during the second contraction causes more shortening than the first (contractions added together). If the stimulus strength is held constant 1) the relaxation time between twitches becomes shorter and shorter 2) the concentration of Ca2+ in the cytosol rises higher and higher and 3) the degree of wave summation becomes greater and greater, progressing to a sustained but quivering contraction referred to as unfused of incomplete tetanus. As the stimulation frequency continues muscle tension increases until it reaches maximal tension. At this point all evidence of muscle relaxation disappears and the contractions fuse into a smooth, sustained contraction called fused or complete tetanus. 

By changing the strength of stimulation: recruitment controls the force of contraction more precisely. Neural activation is of increasingly large number of motor units serving the muscle. The recruitment process is not random, is it dictated by the size principle. 

· the motor units with the smallest muscle fibers are activated first because they are controlled by the smallest, most highly excitable motor neurons. 
· As motor units with larger and larger muscle fibers begin to be excited, contractile strength increases.
· The largest motor units are controlled by the largest, least excitable neurons and are activated only when the most powerful contraction is necessary 
Isotonic and Isometric Contractions 

Isotonic contractions is when muscle length changes and moves a load. Once sufficient tension has developed to move the load, the tension remains relatively constant through the rest of the contractile period. 

There are two types of isotonic contractions. Cencentric contractions are those in which the muscle shortens and does work. Eccentric contractions is when the muscle generates force as it lengthens. 

Isometric contractions is when tension may build to the muscle’s peak tension producing capacity, but the muscle neither shortens nor lengthens. Occurs when a muscle attempts to move a load that is greater than the force the muscle is able to develop. 

Muscle Tone 

Skeletal muscles are described as voluntary, but even relaxed muscles are almost always slightly contracted, this is called muscle tone. It is due to spinal reflexes that activate first one group of motor units and then another in response to activated stretch receptors in the muscles. It keep the muscle firm, healthy, and ready to respond to stimulation. Also helps stabilize joints and maintain posture. 

Muscle Metabolism 

Providing Energy for Contraction 

As a muscle contracts, ATP supplies the energy to move and detach cross bridges, operate calcium pump in the SR and return Na+ and K+ to the cell exterior and interior. Muscles store very limited reserves of ATP and since it is the only source of energy for contractile activities it must be regenerated as fast as it is broken down. 

It is regenerated by one or more of these three ways:

1) Direct Phosphorylation of ADP by Creatine Phosphate: Creatine phosphate, high energy molecule stored in muscles, is tapped to regenerate ATP. Coupling CP with ADP transfers energy and a phosphate group from CP to ADP to form ATP. The coupled reaction is readily reversible and CP reserves are replenished during periods of rest or inactivity. 
2) Anaerobic Pathway: Glycolysis and Lactic Acid Formation: more ATP is generated by breaking down glucose obtained from the blood or glycogen stored in the muscle. The initial phase of glucose breakdown is glycolysis. Glucose is broken down to two pyruvic acid molecules, releasing enough energy to form small amounts of ATP. 
3) Aerobic Respiration: Muscles must metabolize nutrients to transfer energy from foodstuffs to ATP. It occurs in the mitochondria, requires oxygen and involves a sequence of chemical reactions that break the bonds of fuel molecules and release energy to make ATP. 
Energy Systems Used During Sports 

As long as a muscle cell has enough oxygen, it will form ATP by the aerobic pathway. When exercise demands begin to exceed the ability of the muscle cells to carry out the necessary reactions quickly enough, anaerobic pathways begin t contribute more and more of the total ATP generated. The length of time a muscle can continue to contract using aerobic pathways is called aerobic endurance, and the point at which muscle metabolism converts to anaerobic glycolysis is called anaerobic threshold. Aerobic generation of ATP is relatively slow but the ATP harvest is enormous. 

Muscle Fatigue 

Is a state of physiological inability to contract even though the muscle still may be receiving stimuli. Fatigue is due to a problem in excitation-contraction coupling or in rare cases problems at the neuromuscular junction. Several ionic imbalances contribute to muscle fatigue. As action potentials are transmitted, potassium is lost from the muscle cells and accumulates in the fluids of the T tubules. This ionic change disturbs the membrane potential of the muscle cells and halts Ca2+ release from the SR. Lactic acid is assumed to be a major cause of fatigue as it raises the concentration of H+ and alters contractile proteins. 

Excess Postexercise Oxygen Consumption (EPOC)

For a muscle to return to its resting state, all the following must occur:

· its oxygen reserves in myoglobin must be replenished 
· the accumulated lactic acid must be reconverted to pyruvic acid 
· glycogen stores must be replaced 
· ATP and creatine phosphate reserves must be resynthesized 
EPOC is the extra amount of oxygen the body must take in for the restorative processes. 

Heat Production During Muscle Activity 

The energy that is not converted to useful work is given off as heat, this has to be dealt with to maintain body homeostasis. Homeostatic processes prevent heat in the body from building to dangerous levels by sweating and radiating heat from the skin surface. 

Force of Muscle Contraction 

The force of muscle contraction depends on the number of myosin cross bridges that are attached. It is affected by four factors:

1) Number of Muscle Fibers Stimulated: the more motor units that are recruited, the greater the muscle force
2) Size of Muscle Fibers: the bulkier the muscle the more tension it can develop and the greater its strength.
3) Frequency of Stimulation: as a muscle begins to contract, the force is generated by the cross bridges (internal tension) stretches the connective tissue sheaths. These in turn become taut and transfer their tension (external tension) to the load. The more rapidly a muscle is stimulated, the greater the force it exerts. 
4) Degree of Muscle Stretch: the optimal operating length for a muscle fiber is the length at which is can generate maximum force. Within a sarcomere, the ideal length-tension relationship occurs when a muscle is slightly stretched and the thin and thick filaments overlap optimally. 
Velocity and Duration of Contraction 

Muscle Fiber Type 

Two functional characteristics:

· speed of contraction: on the basis of speed of fiber shortening, there are slow fibers and fast fibers. The difference reflects how fast their myosin ATPase split ATP and the pattern of electrical activity of their motor neurons. 
· major pathways for forming ATP: the cells that rely mostly on the oxygen using aerobic pathways for ATP generation are oxidative fibers. Those that rely on anaerobic glycolysis are glycolytic fibers. 
Load 

Because muscles are attached to bones, they are always pitted against some resistance or load when they contract. A greater load results in a longer latent period, a slower contraction and a shorter duration of contraction.

Recruitment 

The more motor units that are contracting, the faster and more prolonged the contraction.

Adaptations to Exercise 

The amount of work a muscle does is reflected in changes in the muscle itself. 

Aerobic (Endurance) Exercise 

Endurance exercise results in several recognizable changes in skeletal muscles:

· the number of capillaries surrounding the muscle fibers increase 
· the number of mitochondria within the muscle fibers also increase 
· the fibers synthesize more myoglobin 
The changes result in more efficient muscle metabolism and in greater endurance, strength and resistance to fatigue. 

Resistance Exercise 

Pits muscles against high-resistance or immovable forces. Vigorously stressed muscle fibers also contain more mitochondria, form more myofilaments and myofibrils, store more glycogen, and develop more connective tissue between muscle cells. The changes promote significant increases in muscle strength and size. When muscle training isn’t balanced individuals can become muscle-bound, which means they lack flexibility, generally awkward stance, and are unable to make full use of their muscles. 

A balanced Exercise Program 

Exercise gains adhere to the overload principle. Forcing a muscle to work hard increases muscle strength and endurance. How ever doing to much too soon and ignoring the warning of muscle or joint pain, increases your risk of overuse injuries that may lead to lifetime disability. 

Smooth Muscle 

The muscle in the walls of all the body’s hollow organs is almost entirely smooth muscle. 

Microscopic Structure of Smooth Muscle Fibers 

Smooth muscle fibers are spindle-shaped cells of variable size, each with one centrally located nucleus. A small amount of fine connective tissue. secreted by the smooth muscle and contains blood vessels and nerves, is found inbetween smooth muscle fibers. Most smooth muscle is organized into sheets of closely apposed fibers. 

· In the longitudinal layer, the muscle fibers run parallel to the long axis of the organ. When these fibers contract the organ dilates and shortens. 
· In the circular layer, the fibers run around the circumference of the organ. Contraction of this layer constricts the lumen of the organ and elongates the organ. 
Peristalsis is the alternating contraction and relaxation of these layers that mixes substances and squeezes them through the organs internal pathway. Smooth muscle has innervating nerve fibers, which are part of the autonomic nervous system, that have numerous bulbous swellings called varicosities. The varicosities release neurotransmitter into a wide synaptic cleft in the general area of the smooth muscle cells. Such junctions are called diffuse junctions. 

The sarcolemma has multiple caveolae, pouchlike infoldings that sequester bits of extracellular fluid containing a high concentration of Ca2+ close to the membrane. Consequently, when calcium channels in the caveolae open, Ca2+ influx occurs rapidly. Contraction ends when cytoplasmic calcium is actively transported into the SR and out of the cell. 

The proportion and organization of smooth muscle myofilaments differ from skeletal muscle in the following ways:

· Thick filaments are fewer but have myosin heads along their entire length. 
· No troponin complex in thin filaments 
· Thick and thin filaments arranged diagonally 
· Intermediate filament-dense body network
Contraction of Smooth Muscle 

Mechanism of Contraction 

Adjacent smooth muscle fibers exhibit slow, synchronized contractions, the whole sheet responding to a stimulus in unison. This synchronization reflects electrical coupling of smooth muscle cells by gap junctions. This allows smooth muscle to transmit action potentials from fiber to fiber. 

Contraction of smooth muscle is like contraction of skeletal muscle in the following ways:

· Actin and myosin interact by the sliding filament mechanism. 
· The final trigger for contraction is a rise in the intracellular calcium ion level. 
· ATP energizes the sliding process 
In smooth muscle, calcium activates myosin by interacting with a regulatory molecule called myosin kinase which phosphorylates the myosin, activating it. 

Energy Efficiency of Smooth Muscle Contraction 

Smooth muscle takes longer to contract but it can maintain the same contractile tension for prolonged periods at less than 1% of the energy cost. Part of the striking energy economy of smooth muscle is the sluggishness of its ATPases. Also smooth muscle myofilaments may latch together during prolonged contractions, saving energy. 

Regulation of Contraction 

The contraction of smooth muscle can be regulated by:

Neural Regulation: neurotransmitters binding generates an action potential, which is coupled to a rise in calcium ions in the cytosol. Different autonomic nerves serving the smooth muscle of visceral organs release different neurotransmitters, each of which may excite or inhibit a particular group of smooth muscle cells. 

Hormones and Local Chemical Factors: some smooth muscle depolarize spontaneously or in response to chemical stimuli that bind to G protein-linked receptors. Several chemical factors cause smooth muscle to contract or relax without an action potential by enhancing or inhibiting Ca2+ entry into the sarcoplasm. 

Special Features of Smooth Muscle Contraction

Response to Stretch

Stretching of smooth muscle provokes contraction, which automatically moves substances along an internal tract. However, the increased tension persists only briefly, and soon the muscle adapts to its new length and relaxes, while still retaining the ability to contract on demand. This stress-relaxation response allows hollow organs to fill or expand slowly to accommodate a greater volume without causing strong contractions that would expel its contents. 

Length and Tension Changes 

The irregular, overlapping arrangement of smooth muscle filaments and the lack of sarcomeres allow smooth muscle to generate considerable force, even when they are substantially stretched. 

Hyperplasia 

Certain smooth muscle fibers can divide to increase their numbers (hyperplasia). 

Types of Smooth Muscle

Unitary Smooth Muscle 

It is in the walls of all hollow organs. 

· Are arranged in opposing sheets 
· Are innervated by varicosities of autonomic nerve fibers and often exhibit rhythmic spontaneous action potentials
· Are electrically coupled by gap junctions and so contract as a unit
· Respond to various chemical stimuli 
Multi Unit Smooth Muscle 

- Consists of muscle fibers that are structurally independent of one another 

· Is richly supplied with nerve endings, each of which forms a motor unit with a number of muscle fibers 
· Responds to neural stimulation with graded contractions that involve recruitment  
Human Anatomy & Physiology 

October 10 Lecture

Survival Needs:

Nutrients, contain the chemical substances used for energy and cell building. 

Oxygen, the chemical reactions that release energy from foods are oxidative reactions that require oxygen. 

Water, it provides the environment necessary for chemical reactions and the fluid base for body secretion and excretions. 

Normal Body Temperature, if chemical reactions are to continue at life-sustaining rates, normal body temperature must be maintained. 

Appropriate Atmospheric Pressure, breathing and gas exchange depend on appropriate atmospheric pressure, the force that air exerts on the surface of the body. 

Homeostasis, the bodies ability to maintain relatively stable internal conditions even though the outside world changes continuously. Communication within the body is essential for homeostasis. The three components are: 

Receptor, a type of sensor that monitors the environment and responds to changes, called stimuli by sending information to the control center. 

Control Center, determines the set point, the level at which a variable is to be maintained. It also analyzes the input it receives and determines the appropriate response or course of action. Information then flows to the effector. 

Effector,provides the means for the control center’s response to the stimulus. The result of the response then feed back to influence the effect of the stimulus, either reducing (negative feedback) shutting off the control process or enhancing (positive feedback) so the whole process continues even faster. 

Negative feedback systems, prevent sudden severe changes within the body. 

Positive feedback systems, the change results proceeds in the same direction as the initial change, causing the variable to deviate further and further from its original value. 

Homeostatic Imbalance, diseases can be regarded as a result of its disturbance to homeostasis.

Difference of the Somatic and Autonomic Nervous System 

Effectors 

The somatic nervous system stimulates skeletal muscles, whereas the ANS innervates cardiac and smooth muscle and glands. 

Efferent Pathways and Ganglia

In the SNS the motor neuron cell bodies are in the CNS, and their axons extend in spinal or cranial nerves all the way to the skeletal muscles they activate. Somatic motor fibers are typically think and heavily myelinated. The ANS uses a two neuron chain to reach its effectors (1) the preganglionic neuron, resides in the brain or spinal cord. Its axon, the preganglionic axon, synapses with the second motor neuron. (2) The postganglionic neuron cell body is an autonomic ganglion outside the CNS. Its axon extends to the effector organ. 

Neurotransmitter Effects 

All somatic motor neurons release acetylcholine. The effect is always excitatory. Autonomic postganglionic fibers release two neurotransmitters, norepinephrine and ACh, and it can either be excitatory or inhibitory. 

Overlap of Somatic and Autonomic Function 

Higher brain centers regulate and coordinate both somatic and autonomic motor activities and most spinal nerves contain both. 

ANS Divisions 

The ANS has two arms, the parasympathetic division promotes maintenance functions and conserves body energy, whereas the sympathetic division mobilizes the body during activity. Both divisions generally serve the same visceral organs but cause opposite effects. This dual innervation counterbalances each other to keep body systems running smoothly. 

Role of the Parasympathetic Division 

This division keeps the body energy use as low as possible. It is sometimes called the “rest and digest” system. D division: digestion, defecation and diuresis.

Role of the Sympathetic Division

The activity of this division is evident when we are excited or find ourselves in emergency situations. E division: exercise, excitement, emergency and embarrassment. 

ANS Anatomy 

· Sites of origin: the parasympathetic fibers are craniosacral (originate in brain or spinal cord). Sympathetic fibers are thoracolumbar (originate in thoracic and lumbar regions of the spinal cord). 
· Relative lengths of their fibers: The parasympathetic division has long preganglionic and short postganglionic fibers. Opposite for the sympathetic division. 
· Location of their ganglia: Most parasympathetic ganglia are located in the visceral effector organs. Sympathetic ganglia lie close to the spinal cord. 
Antagonistic Interactions 

Antagonistic effects are most clearly seen on the activity of the heart, respiratory system and gastrointestinal organs. In a flight-or-fight situation, the sympathetic division increases heart rate, dilates airways and inhibits digestion and elimination. 

Sympathetic and Parasympathetic Tone 

The vascular system is entirely innervated by sympathetic fibers that keep the blood vessels in a continual state of partial constrictions called sympathetic tone. Alpha blockers, drugs that block the responses in the vasomotor fibers, are sometimes used to treat hypertension. The parasympathetic effects normally dominate the heart and the smooth muscle of digestive and urinary tract organs. These organs exhibit parasympathetic tone. The parasympathetic division slows the heart and dictates the normal activity levels of the digestive and urinary tracts. However the SNS can override it. 

Unique Roles of the Sympathetic Division 

Thermoregulatory Responses to Heat 

They sympathetic division mediates reflexes that regulate body temperature. When systemic body temperature rises, sympathetic nerves (1) dilate the skin’s blood vessels, allowing heat to escape from skin flushed with warm blood, (2) activate the sweat glands to help cool the body. When body temperature falls skin blood vessels constrict, preventing heat loss from the skin.

Release of Renin from the Kidneys 

Sympathetic impulses stimulate the kidneys to release renin, an enzyme that causes the formation of blood pressure increasing hormones. 

Metabolic Effects 

(1) Increases the metabolic rate of body cells (2) raises the blood glucose levels (3) mobilizes fats for use as fuels (4) increases mental alertness and (5) increases speed and strength of muscle contractions. 

Brain Stem and Spinal Cord Controls 

The hypothalamus is the boss but the brain stem reticular formation appears to exert the most direct influence over autonomic functions. 

Defecation and micturition reflexes that empty the rectum and urinary bladder are integrated at the spinal cord level but are subject to conscious inhibition.

Fig. 3.3
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