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INTRODUCTION

Physiology is the study of how the body works, i.e. not just the structure of the body, but how it functions.  To understand Physiology, you must understand the levels of organization of the organism, how each functions individually, and how they interrelate and interact with an emphasis being placed on cause and effect mechanisms.

LEVELS OF ORGANIZATION OF THE BODY

A.  Chemical Reviewed in Chapter 2.  The lowest level of organization is subatomic with electrons, protons, and neutrons being responsible for size, charge, and affinity of the atom.  Atoms combine into molecules, minimizing their weaknesses.  Larger compounds are formed by various bonds and affinities between atoms.  

1.  Covalent bonds are formed by atoms that share electrons.  Are strong.  Two types - nonpolar (equal sharing of electrons) and polar (unequal sharing of electrons, example water)

2.  Ionic bonds are formed by atoms that gain (negatively charged; anion) or lose an electron (positively charged; cation).  Ionic bonds break in water, separating the ions.

3.  Hydrogen bonds are weak electrical attractions between a hydrogen atom and an electronegative atom, such as oxygen or nitrogen.

4.  Complex structures give the potential for complex functions.  Biological molecules include proteins, carbohydrates, lipids, solutes, and water.

B.  Cell - Reviewed in Chapter 3.  At the second level of organization, the cell is the basic functional unit of the body.

1.  cell (plasma) membrane - separates the intracellular and extracellular aqueous environments.  It is a barrier to water transport, made of 2 layers of phospholipids with the polar (hydrophilic/water loving) ends exposed and nonpolar (hydrophobic/water fearing) ends hidden.  Cell membrane contains proteins that move freely within it and not uniformly distributed (fluid-mosaic model).  Proteins account for:

a.  structural support

b.  transmembrane transport

c.  cell surface enzyme reactions

d.  receptors (for hormones, etc.)

e.  cellular markers (antigens like ABO, MHC)

2.  cytoplasm - jelly-like support matrix for cellular organelles; contains microtubules and microfilaments (protein filaments that form an internal latticework)

3.  organelles - subcellular structures responsible for food digestion, conversion of food into ATP (mitochondria), and synthesis of proteins (RER), carbohydrates (Golgi), and lipids (Golgi)

4.  nucleus - contains the genetic material and directs the activities of the cells; surrounded by a nuclear membrane

C.  Tissues Reviewed in Chapter 1.  Cells of similar function are grouped into tissues; there are 4 categories

1.  muscle tissue - specialized for contraction

a.  skeletal - striated (striped) due to arrangement of contractile proteins; control is mostly voluntary; each fiber controlled individually (whole muscle has graded contractions which vary according to need)

b.  cardiac – also striated; control is involuntary; intercalated discs connect the cells making them function as a single unit (“syncitium”)

c.  smooth – nonstriated due to a different arrangement of contractile proteins; control is involuntary; cause constriction of lumina (blood vessels, bronchioles) or peristalsis (GI tract)

2.  nervous tissue – include neurons and neuroglia

a.  neurons - purpose is to generate and conduct electrical impulses; 3 parts:  cell body (contains nucleus and metabolic center), dendrites (receives input), axon (conducts impulse out); can’t divide

b.  neuroglia - provide anatomical and functional support to neurons; more numerous; can divide

3.  epithelial tissue - forms membranes  and glands

a.  membranes - cover and line body surfaces; diffusion occurs faster across membranes that are 1 cell layer thick, as in capillaries and alveoli

b.  glands - exocrine glands secrete their product through a duct leading to a membrane surface (e.g. sweat, gastric); endocrine glands secrete their product into the blood (e.g. thyroid)

4.  connective tissue - characterized by large amounts of extracellular material of various types and arrangements surrounding small numbers of cells

a.  connective tissue proper - loosely packed (e.g. dermis of skin), densely packed (e.g. organ capsules, ligaments, tendons)

b.  cartilage - cells surrounded by semisolid substance

c.  bone - cells trapped in bony matrix

d.  blood - 55% of volume is extracellular fluid, called plasma

e.  adipose

D.  Organs - fourth level of organization where 2-4 types of tissues combine together to form a functional unit (e.g. skin, liver, kidney, etc.)

E.  Systems - fifth level of organization.  Organs with related functions are grouped together to form a system (heart, veins, arteries, and blood form cardiovascular system).  Within and between systems, regulatory mechanisms act to maintain the homeostasis of the body.

SYSTEMS

Nervous

Endocrine

Musculoskeletal

Cardiovascular 

Immune

Respiratory

Excretory

Digestive

Reproductive

Integumentary

HOMEOSTASIS

A.  Definition - the state of dynamic constancy of the internal environment of the body; maintained by regulatory mechanisms acting within and between body systems (using feedback mechanisms).  All regulatory mechanisms have a single shared function to maintain homeostasis.  They rely on sensory input to detect what changes have occurred and ultimately respond to that change.

1.  feedback mechanism - basic components include:

a.  sensor(s) - detects deviations from "set point"; a set point is a normal value of the body/internal environment (e.g. set point for body temp = 37 0C)

b.  modulator(s) - other input which modifies the response

c.  effector(s) - tissues or organs (e.g. muscles, glands) that are activated by the sensors and maintain homeostasis by compensating for deviations from "set point" (e.g. sweating when body temperature is elevated above set point)

2.  types of feedback mechanisms

a.  negative feedback - the effector reverses the deviation from set point (e.g. when an elevated glucose level is detected, effectors lower the glucose level); this is the most common type of mechanism used to maintain homeostasis; the effect is opposite the original change

b.  positive feedback - the action of the effector amplifies the change; positive feedback systems are used to amplify or accelerate and are usually found within a negative feedback system (e.g. in blood clotting, a small portion of the mechanism is a positive feedback mechanism, resulting in better and faster clotting)

B.  Sources of Control of Homeostasis

1.  intrinsic – are regulatory mechanisms which are part of the organ being regulated; are built-in (e.g. control of blood supply to the brain is intrinsically controlled within the brain)

2.  extrinsic - regulatory mechanisms which are derived from outside the organ being regulated (e.g. nerves and hormones control organs throughout the body)


C.  Examples of Homeostasis




MEMBRANE TRANSPORT

Cell Membrane Structure - Fluid-Mosaic Model.  The membrane is composed of a double layer of phospholipids with a central hydrophobic (water hating) core and hydrophilic (water loving) surfaces.  The lipid layer is fluid and studded with proteins that move freely within it.  (Nonpolar, lipophylic molecules (e.g. O2, steroids), (small uncharged polar molecules (e.g. CO2, H2O, urea) and (ions (e.g. K+, Na+) cross the membrane easily.

A.  Passive Transport Processes - no direct energy expenditure

1.  simple diffusion - Transport of ions (through ion channels), nonpolar lipid-soluble molecules, and water all occur by simple diffusion.  Simple diffusion does not require a carrier or energy.  Diffusion is a physical property that always occurs if there is a concentration gradient. The rate of diffusion of a substance is affected by (its concentration gradient, (the permeability of the membrane to it, (the surface area of the membrane (also the temperature and the solubility, but these are constant).

a.  concentration gradient - difference in concentration between 2 locations or solutions.  “Movement down a concentration gradient” means movement of molecules from higher to lower concentration.

b.  net diffusion - net movement of molecules from the higher concentration to the lower concentration until the concentration difference is abolished; diffusion will continue to occur if there is a concentration gradient

c.  ion channels - tiny passages through the cell membrane, within integral (membrane) proteins that span the thickness of the membrane; ions like Na+ or K+ don’t go directly through the membrane

d.  osmosis - net diffusion of water through a semipermeable membrane; semipermeable means membrane is permeable to water but less (or not) permeable to solutes; the cell membrane is semipermeable

e.  osmotic pressure - the force required to prevent osmosis of water into a solution; osmotic pressure reflects the concentration of a solution since osmosis into a solution increases if its concentration is increased

f.  measurements of concentration:  molarity (abbreviated M)- number of moles of solute dissolved in enough water to make one liter of solution; common concentration measurement used in chemistry.  molality (abbreviated m)- number of moles of solute dissolved in one kilogram of water (=1 liter of water at 4oC); gives a precise ratio of solute to solvent and allows one to determine the effect of the solute on osmosis.  osmolality (abbreviated Osm)- indicates the total solute concentration/total molality.  Since ion compounds dissociate in water, osmolality would be greater for a solution made from salts.   tonicity – a term comparing the osmotic concentrations/strengths of 2 solutions:  isotonic (they have the same osmolality), hypertonic (greater osmolality), hyopotonic (lesser osmolality); if not otherwise stated, the osmotic effect of a solution is compared to plasma

2.  facilitated diffusion - transport of molecules across a membrane down a concentration gradient, requiring a carrier but no energy.

a.  carriers - proteins within the membrane that facilitate transport; they express specificity (designed to transport a specific molecule), competition (more than one molecule may compete for the carrier thus decreasing the transport of each), and saturation (the rate of transport of a molecule will increase as its concentration increases up to its transport maximum limit, indicating that the carriers have become saturated)

B.  Active Transport Processes - require the expenditure of cellular energy (via ATP) and carrier proteins; act to move molecules and ions against their concentration gradients (from a lower concentration to a higher concentration)

1.  active transport across a membrane - ATP is required to move molecules and ions against their concentration gradients;  molecule binds to carrier, ATP (  Pi-Carrier, carrier changes shape, molecule released to other side of membrane; active transport carriers are often referred to as "pumps"

a.  Na+/K+ pump – actively exchanges 3 Na+ ions (transported out) for 2 K+ ions (transported in), both moving against their gradients to maintain the intracellular fluid concentrations of Na+ low and K+ high.  Multiple purposes include cotransport of other molecules (such as glucose into cells or Ca++ out of cells), regulation of basal metabolic rate (see Metabolism), generation of electrical impulses (see Nervous System).  All cells have numerous pumps that are always active, accounting for 6% of your resting energy expenditure.

2.  bulk transfer - two types

a.  endocytosis - cell membrane invaginates to form a vacuole containing extracellular materials

b.  exocytosis - vesicles from Golgi apparatus fuse with the cell membrane, transporting Golgi products to outside


C.  Membrane Potential - unequal distribution of charged molecules results in all cells having a internal negative charge ranging from -65 to -85 mV.  Due to (unequal pumping of the Na+/K+ pumps (above), (cell synthesis of large negatively charged molecules and ( the outward diffusion of K+ occurs faster than the inward diffusion of Na+.  Since the membrane is more permeable to K+  than other ions, the RMP is mostly due to K+ .  A change of plasma ion concentration can have a strong effect on the RMP.



1.   All cells have this difference in membrane charge (=membrane potential), called the Resting Membrane Potential.  It can be used to do work and can be considered potential energy.



2.  Some cells, such as neurons and muscle cells, can change the membrane potential, and use it for signaling or to stimulate muscle contraction.  Called the action potential, due to a change in movement of ions across the cell membrane.

NERVE CELL PHYSIOLOGY

Nervous System Organization - Two branches:  Central Nervous System (brain and spinal cord) and Peripheral Nervous System (nerves and ganglia)

A.  Cell types - both ectoderm origin

1.  neurons - basic functional units of the nervous system; produce and conduct electrochemical impulses known as action potentials; unable to divide in adults.  A neuron is also called a nerve fiber and represents a single nerve cell.

a.  3 part neuron structure:  cell body (cluster in groups, produce neurotransmitters), dendrites (thin, branched processes on the cell body that serve as receptive areas for the cell body), axon (transmit impulses away from the cell body)

b.  functional classification

(1)  sensory (are afferent) - respond to physical and chemical stimuli; transmit impulses to CNS; may have specialized sensory endings

(2)  interneurons (“between” neurons, AKA associative neurons) - used to integrate signals; located only in the CNS; may have positive or negative effects

(3)  motor (are efferent) - transmit impulses to effector organs (e.g. muscles, glands); somatic - includes the neurons that control reflexes and skeletal muscles; autonomic - includes the neurons that give involuntary control of heart, smooth muscle, and glands.

c.  nerve – is a bundle of axons located outside the CNS (usually is mixed sensory and motor); consists of multiple nerve fibers

2.  neuroglial cells - supportive cells with limited mitotic activity.  Schwann cells form myelin sheaths around PNS axons; oligodendrocytes form myelin sheaths around multiple axons in the CNS (white matter of the brain).  Astrocytes surround brain capillaries, responsible for blood-brain barrier.

a.  myelin sheath - white material formed by multiple wrappings of the cell membrane of Schwann cells (in PNS) or oligodendrocytes (in CNS); myelin insulates axon and speeds conduction of the action potential; gaps in myelin called nodes of Ranvier necessary to continue the action potential

NERVE CONDUCTION

A.  Resting Membrane Potential - a potential charge difference (measured in volts) found in all body cells and caused by the selective permeability of the cell membrane.  The RMP is negative intracellularly  (approximately -70 mV) due to:  (large, negatively charged molecules like protein and DNA inside the cell, (more Na+ pumped out than K+ pumped in and (K+ ions leaking out easily.  
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DEVELOPMENT OF RESTING MEMBRANE POTENTIAL

Neurons and muscle cells are able to vary membrane permeability in response to stimulation (called “excitability”), thus changing the resting membrane potential to an action potential.  Definitions:

1.  depolarization - positive charges (usually Na+) flow into cell decreasing voltage difference across membrane (less negative inside compared to outside)

2.  hyperpolarization - inside cell becomes more negative, increasing the voltage difference across membrane; due to positive charges flowing out of the cell or sometimes from negative charges entering the cell

3.  repolarization - positive charges move out of cell after depolarization, reestablishing the negative membrane potential 

B.  Voltage Regulated Ion Gates (AKA voltage-gated ion channel) – are specialized membrane channels made of protein, which open when the membrane is depolarized to a certain level (called threshold).  They allow passage of ions (e.g. Na+, K+) across the membrane.  At resting potential, the gates are closed.


1.  ionic basis for Action Potential:  The electrochemical signal is caused by a 2 step movement of ions.  Na+ gates open first in response to a threshold depolarization, Na+ moves into cell down its concentration gradient, the membrane depolarizes more and more Na+ gates open (positive feedback loop).  Soon, K+ gates open, K+ moves out of cell, the membrane repolarizes and all gates close (negative feedback).

C.  Axonal Transmission

1.  Action Potential (AP, nerve impulse) - is an all-or-none electrical event where the polarity of the membrane potential is reversed (goes from -70mV to +30mV), then it is reestablished.  Action Potential only occurs in axons, due to the presence of voltage regulated gates.  Other properties include a threshold, refractory period.

2.  threshold - minimum stimulus to produce a response (in this case, opening of the Na+ gates); stronger stimuli do not produce stronger APs, but more of them within a single neuron (increase the frequency of action potential responses)

3.  recruitment - activation of more nerve fibers with higher thresholds as intensity of the stimulation increases; is a way to code for strength of stimulation

4.  refractory periods

a.  absolute refractory period - occurs first; membrane is unable to respond to any stimulus (because Na+ gates are blocked and unable to open again)

b.  relative refractory period- occurs next; a very strong stimulus can cause depolarization (because K+ gates are open, membrane is repolarizing and outward movement of K+ must be overcome, making it difficult to depolarize)

5.  cable properties - ability of neuron to carry charges (because of the diffusion of ions) through its cytoplasm; is responsible for transmission of positive charges, laterally, inside the axon, which is the stimulus for another action potential.  Transmission through the cytoplasm is slow and ions can be conducted only about 1 mm before they are removed.

6.  saltatory transmission - The myelin sheath prevents ion diffusion across membranes that are myelinated, so depolarizations, and APs, can only occur at the Nodes of Ranvier.  Since each AP takes a finite amount of time, being able to skip areas speeds conduction of the AP along the axon; APs seem to leap from node to node (conveniently about 1 mm apart)

D.  Synapse - functional connection between a neuron and an effector cell, Ca++ usually couples the electrical signal (AP) to the release of NT

1.  synaptic transmission - majority of transmissions are unidirectional from axon terminal to effector cell and are chemically mediated by neurotransmitters.  The amount of NT released is directly related to frequency of APs reaching the axon terminal.  AP causes Ca++ influx, which changes the presynaptic membrane fluidity, causing exocytosis of vesicles containing NT.  NT (using the example of acetylcholine) diffuses across the narrow synaptic cleft, binds to receptor proteins on postsynaptic membrane, causes a change in membrane potential resulting in opening of ion gates for Na+ and K+, and depolarization of the postsynaptic cell (perhaps to its threshold).  Simultaneous outflow of K+ prevents overshoot past zero mV.

a.  chemically regulated ion gates (AKA ligand-regulated gates) - open in response to neurotransmitter chemical, not voltage; found in cell body and dendrites of neurons.  

Two types:  (  Ligand operated channels (receptor for the NT is also the ion channel); example is acetylcholine receptors which open and allow simultaneous diffusion of Na+ and K+.  (  G-Protein operated channels (NT-receptor interaction affects ion channel indirectly through G proteins)

 

2.  excitatory postsynaptic potentials (EPSPs) - interaction of NT and receptor causes depolarization toward zero in the postsynaptic membrane; EPSPs have no threshold, are graded in magnitude (more NT, more depolarization), have no refractory period, and are capable of summation

3.  inhibitory postsynaptic potentials (IPSPs) - interaction of NT and receptor causes hyperpolarization (e.g. by opening only K+ gates, causes efflux of K+ and a more negative interior); make depolarization by EPSPs more difficult

4.  neurotransmitters

a.  amines:  acetylcholine (ACh) - found in PNS (neuromuscular junctions, autonomic endings) and CNS.  Broken down quickly by acetylcholinesterase.

b.  catecholamines:  dopamine (CNS), norepinephrine (CNS, PNS), serotonin (CNS); use a second messenger to effect ion changes.  Action of NT is stopped by reuptake of NT and MAO and COMT enzymatic breakdown.  MAO inhibitors accentuate the NT action.

c.  amino acids:  (CNS) – Excitatory:  glutamic acid, aspartic acid; Inhibitory: glycine, GABA

d.  opiods: endogenous (endorphins) and exogenous – block NTs responsible for pain

e.  nitric oxide – gaseous NT in CNS and PNS acts through second messenger; also regulator molecule in blood vessels, white blood cells

5.  synaptic integration

a.  spatial (over distance/surface) summation - multiple presynaptic nerve fibers contact a single postsynaptic cell and resulting multiple EPSPs add their effects together

b.  temporal (over time) summation- continuing activity of presynaptic nerve fibers over time cause continuing waves of NT release, continuing EPSP formation which add together

c.  long term potentiation - previous stimulation of presynaptic neuron helps it to more easily stimulate the postsynaptic neuron

COMPARE AND CONTRAST AP AND EPSP
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THE CENTRAL NERVOUS SYSTEM

Consists of brain and spinal cord; receives sensory input, integrates functions, directs action of motor neurons

A.  Cerebrum (telencephalon) - part of the forebrain; is largest portion of brain responsible for higher mental function; left and right hemispheres connected by large tract of nerve fibers/axons (called corpus callosum)

1.  cerebral cortex - thin layer of cell bodies (gray matter) on the surface of the brain; cortex is convoluted, adding to surface area

2.  frontal lobe - voluntary motor control, personality, verbal communication (Broca’s area for motor input), scratch pad memory, intelligence

3.  parietal lobe - interpretation of sensation, language (angular gyrus integrates inputs)

4.  temporal lobe - interpretation of sounds, memory (converts short-term into long-term memory), Wernicke’s area responsible for language concepts

5.  occipital lobe - vision, perception of vision

6.  basal nuclei - nuclei (=clusters of neuron cell bodies located within the CNS) deep within the white matter, responsible for involuntary control of motor function

7.  cerebral lateralization - functions are preferentially performed by only one side of the brain.  Left hemisphere – language, math, abstraction, analysis.  Right hemisphere – music, art, visuospatial skills.

8.  language functions, involve frontal lobe (Broca’s area), superior temporal lobe (Wernicke’s area), arcuate fasiculus (connecting fiber tract) and angular gyrus (integration center for sound, sights, and sensory input)

9.  emotion and motivation  (aggression, fear, sex, reward, punishment, feeding, satiety) – involves limbic system (AKA “smell brain”), hypothalamus, thalamus

10.  memory – multiple brain regions involved with lateralization of verbal (usually left brain) and visuospatial (usually right brain) information;  cooperation of all regions necessary for the complete memory; integrating memory with input and reasoning occurs in frontal lobes; conditioned learning occurs in primitive brain

B.  Diencephalon - part of the forebrain; surrounded by the cerebrum; contains the third ventricle

1.  thalamus - mass of gray matter which acts as a relay center for sensory information heading to cerebrum 


2.  epithalamus - contains choroid plexus (where cerebrospinal fluid is made), pineal gland (part of biologic clock)

3.  hypothalamus - regulates temperature, hunger, thirst, sleep/wake (circadian) cycles, sexual action, emotions; interacts with brain stem, limbic system, and higher brain centers

4.  pituitary gland - located inferior to hypothalamus, anterior portion is glandular and synthesizes hormones; posterior portion is neural, stores ADH and oxytocin (made in hypothalamus) and releases them after receiving stimulation from hypothalamus

C.  Midbrain (mesencephalon) - important relay centers for visual and auditory sensations, motor control.  Reticular Activating System (RAS) is complex network of nuclei and nerve fibers in medulla, midbrain, thalamus, pons, etc. with many interconnections that project to cortex.

D.  Hindbrain (rhombencephalon) - two regions

1.  pons - contains fibers running to cerebellum and midbrain from medulla; also contains cranial nerve nuclei (V-VIII) and nuclei for respiratory control

2.  cerebellum - second largest structure of the brain; participates in (involuntary) coordination of movement most of which is inhibitory

3.  medulla oblongata - contains all descending and ascending fiber tracts (bundles of axons) which cross to the opposite side in the medulla; also contains cranial nerve nuclei (VIII-XII) and regulatory centers for respiration and cardiovascular control

E.  Spinal Cord - extends from base of skull to lumbar curve; central gray matter (neuron cell bodies) in shape of an H surrounded by white matter (axons) containing ascending (sensory) and descending (effector) nerve tracts; descending tracts are pyramidal (direct connection from cerebrum to muscles, tested by Babinski reflex) or extrapyramidal (numerous interconnections, influence movement indirectly)

PERIPHERAL NERVOUS SYSTEM

Composed of nerves that exit from the brain (cranial nerves) and spinal cord (spinal nerves) and aggregations of cell bodies outside the CNS (called ganglia).

A.  Cranial Nerves - 12 pairs designated by roman numerals and names; I and II (olfactory and optic) are from forebrain, the rest are from midbrain and brain stem; most are mixed sensory and motor except nerves for special senses

B.  Spinal Nerves - 31 pairs named according to the vertebra near them; are mixed nerves with sensory and motor fibers separating into 2 roots as they exit:  dorsal root is sensory with nerve cell bodies clustered in the dorsal root ganglion, ventral root is motor (cell bodies in cerebrum or spinal cord)

C.  Reflex Arc - unconscious motor response to a sensory stimulus (brain not involved); sensory stimulation is conducted to spinal cord where sensory neuron synapses with motor neuron and AP is conducted to muscle which causes contraction

PHYSIOLOGY 

LECTURE

UNIT TWO

AUTONOMIC NERVOUS SYSTEM

The motor (efferent) neurons of the nervous system carry action potentials from the brain or spinal cords to their targets.  2 subdivisions of the motor system:  somatic and autonomic. The somatic motor neurons innervate skeletal muscle, are responsible for voluntary motor control and skeletal muscle reflexes, employ only 1 neuron from the CNS to the target, and are fast conducting.  The autonomic motor neurons of the ANS regulate cardiac muscle, smooth muscle, and glands, functions are not controlled voluntarily, employ 2 neurons from the CNS to the target, and are slow conducting.

A.  Neural Control - is involuntary

1.  autonomic neurons - autonomic motor control involves 2 neurons:  preganglionic neuron (originating in midbrain, hindbrain, or spinal cord) and postganglionic neuron (originating in an autonomic ganglion of the head, neck or abdomen with axon going to effector organ); neurotransmitters can be stimulatory or inhibitory

2.  effector organs - include glands, smooth muscle, and cardiac muscle; effectors maintain some independent function (have built-in firing rate that provides intrinsic tone of blood vessels, gastric acid secretion, cardiac muscle contraction); ANS increases or decreases their activity

B.  Divisions of ANS - sympathetic and parasympathetic divisions; have different origins of preganglionic cells, different locations of ganglia, and different actions on the targets

1.  sympathetic (AKA thoracolumbar, fight-or-flight) - preganglionic neurons originate in thoracic and lumbar levels (T1 to L2) of spinal cord; synapse with postganglionic neurons located in sympathetic ganglia (sympathetic chain, prevertebral ganglia, cells of adrenal medulla)

a.  sympathetic (paravertebral) chain - double row of ganglia on sides of spinal cord; interconnected by nerve fibers traveling to and from different vertebral levels; postganglionic axons extend back to ventral roots of spinal nerves to travel within spinal nerves to the effector organs; preganglionic fibers branch to synapse with many postganglionic neurons (divergence) and postganglionic neurons receive input from many preganglionic fibers (convergence) contributing to mass activation of sympathetic system (affects all effector organs at the same time)

b.  collateral/prevertebral ganglia - preganglionic fibers pass through sympathetic chain to form splanchnic nerves; synapse with ganglia in abdomen and pelvis to innervate digestive, urinary, and reproductive organs

c.  adrenal glands - adrenal medulla innervated by preganglionic sympathetic fibers; secretes epinephrine (85%) and norepinephrine (15%) into bloodstream; considered a modified sympathetic ganglion

2.  parasympathetic division (craniosacral, resting-and-digesting) - preganglionic fibers originate in midbrain (oculomotor nuclei for CN III), pons (CN VII and IX), medulla oblongata (CN X), and spinal cord (S2 to S4) and are long; synapse in ganglia that are located next to or within the effector organ; most parasympathetic fibers do not travel in spinal nerves (thus no PS innervation to skin, muscles), PS neurons have no divergence, convergence

a.  CN III (oculomotor) - contains somatic motor and PS fibers; PS fibers synapse, then innervate ciliary muscle (controls the shape of the lens) and constrictor fibers of iris (controls the size of the pupil)

b.  CN VII (facial nerve) - after synapse, PS fibers innervate nasal mucosa, pharynx, palate, lacrimal glands, minor salivary glands

c.  CN IX (glossopharyngeal) - after synapse, postganglionic PS fibers innervate parotid gland

d.  CN X (vagus nerve) - contains sensory and autonomic motor fibers; provides sensory input to autonomic control centers in medulla.  Preganglionic (motor) fibers travel in long vagus nerve to thoracic and abdominal cavity; synapse with smooth muscles and glands within organs (heart, lungs, esophagus, stomach, pancreas, liver, small intestine, upper half of large intestine)

e.  S2 to S4 spinal cord - preganglionic fibers synapse with terminal ganglia in effector organs (lower half of large intestine, rectum, urinary organs, reproductive organs)

C.  Functions of ANS - balance between both divisions required for homeostasis; mass activation of sympathetic system (fight or flight) with blood secretion of epinephrine and synaptic release of norepinephrine; antagonistic action of parasympathetic system (resting and digesting) due to different neurotransmitters

1.  neurotransmitters 

a.  acetylcholine (ACh)- is the NT of all somatic motor neurons, autonomic preganglionic fibers and PS postganglionic fibers; called "cholinergic"; usually excitatory

b.  norepinephrine (NE) - is the NT for most sympathetic postganglionic fibers; called "adrenergic"

2.  adrenergic stimulation (by Epi and NE) - both excitatory and inhibitory, depending on differences in membrane receptor proteins on target cells

a.  "alpha" adrenergic receptors - stimulation of these receptors causes contraction of smooth muscle (sphincters, iris radial fibers, blood vessels)

b.  "beta" adrenergic receptors - stimulation causes relaxation of smooth muscle cells (bronchioles, blood vessels in muscle), increased contractility of heart, increased cardiac rate

3.  cholinergic stimulation (by ACh) - mostly excitatory (exception - slowing of heart rate); 2 types of receptors

a.  muscarinic receptors - on target cells of postganglionic parasympathetic nerve fibers (constricts pupils, slows heart, constricts bronchioles)

b.  nicotinic receptors - on target cells of preganglionic autonomic neurons (both sympathetic and PS ganglionic neurons) and target cells of somatic motor neurons (skeletal muscles); opening of Na+/K+ chemically regulated gates depolarizes the target cell

4.  other autonomic NTs – VIP, ATP, NO

5.  dual innervation - most organs in the body cavities receive both sympathetic and PS innervation;  effects may be antagonistic, complementary or cooperative

a.  antagonistic (opposing) effects 

(1)  heart pacemaker region - sympathetic increases heart rate, PS decreases

(2)  GI - sympathetic inhibits peristalsis, PS stimulates





(3)  Iris - Radial muscle(S) dilates, circular muscle (PS) constricts

b.  complementary effects - Symp and PS produce similar effects

(1)  salivary gland - PS stimulates salivary gland secretion, sympathetic constricts blood vessels, resulting in thickening of saliva

c.  cooperative effects - Symp and PS produce different effects that promote a single action

(1)  penis - PS stimulates erection (NT is not Ach), sympathetic stimulates ejaculation (and skeletal muscle for emission) 

6.  single division (sympathetic only) innervation - skin, adrenal medulla, and blood vessels receive sympathetic innervation only; regulation is achieved by changing the rate of firing of sympathetic fibers

7.  control of ANS by higher brain centers - functions regulated mostly by autonomic reflexes; sensory information carried by vagus nerve (CN X) to medulla, in response medulla influences activity of autonomic motor neurons.  Medulla also responds to hypothalamus (controls body temperature, hunger, thirst), limbic system (emotions), and cerebral cortex (personality, emotion).

COMPARE AND CONTRAST THE SYMPATHETIC AND PARASYMPATHETIC SUBDIVISIONS OF THE AUTONOMIC NERVOUS SYSTEM
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SENSORY PHYSIOLOGY

A.  Sensory Receptors – The Law of Specific Nerve Energies states each type of sensory receptor is most sensitive to its particular sensory stimulus.  Receptors change the energy from the sensory stimulus into APs, which are conducted to the CNS.  Your perception of the appropriate sensation is due to the specific neural pathway and synaptic connections the sensory neuron takes to the CNS.  If the sensory receptor is stimulated in an abnormal way the same sensation (normal for that receptor) will be perceived.  Different ways to categorize receptors:

1.  by function:  chemoreceptors (chemical), photoreceptors (light), thermoreceptors (temperature), mechanoreceptors, nocioreceptors (pain), proprioceptors (position)

2.  by method of response

a.  tonic receptors - fire at a constant rate as long as the stimulus is maintained; increase the rate of AP firing with increased strength of stimulus (provides information about relative intensity of stimulus)

b.  phasic receptors - burst of APs when stimulus is first applied, but quickly reduce rate of AP response when stimulus is maintained; responsible for sensory adaptation

3.  receptor potentials - are local, graded changes (usually depolarizations, same as EPSPs) in the membrane potential ; generate APs in response to sensory stimulation

B.  Cutaneous Receptors - several types of receptors in skin, each sensitive to one type of sensation.  The dendritic nerve endings may be naked fibers (hot, cold, pain, touch, pressure) or encapsulated (touch, pressure)



1.  neural pathways for cutaneous sensation - myelinated sensory neurons run to spinal cord, cross to opposite side in medulla, and are relayed through the thalamus to the postcentral gyrus (sensory cortex); larger areas of sensory cortex receive information from face, hands due to larger number of sensory receptors

2.  receptive field of a neuron - the area of skin where stimulation results in changing the firing rate of the neuron; the size of the receptive field varies inversely with the density of receptors (no overlap); size can be approximated by two-point touch threshold test

3.  lateral inhibition - occurs in the CNS as a form of integration; sensory neurons which are stimulated most strongly inhibit neighboring sensory neurons that are stimulated less strongly; results in the sharp localization of the sensation to the area that was stimulated the most

C.  Taste and Olfaction - receptors are chemoreceptors (respond to molecules in fluid)

1.  taste receptors - are modified epithelial cells located on surface of tongue; 5 basic types of taste perceived in different regions of tongue:  sweet (tip), sour (sides of tongue, due to H+), salty (best stimulated by NaCl)) on anterior two-thirds of tongue (facial nerve, CN VII), bitter on posterior one-third of tongue (glossopharyngeal nerve, CN IX) and umami (due to glutamate).  Salty and sour molecules depolarize the taste cells directly.  Sweet, bitter, and umami molecules bind to G-protein membrane receptors, which activate second messengers inside the cells.

2.  olfactory receptors - dendritic endings of CN I (olfactory nerve); APs conduct directly to olfactory bulb in limbic system (responsible for emotions, memory); extreme sensitivity and diversity of sensation

D.  Auditory/Equilibrium Sensations - CN VIII (vestibulocochlear nerve)

1.  equilibrium - provided by the action of the fluid- filled vestibular apparatus in inner ear; utricle and saccule (AKA otolith organs) sense linear acceleration, the 3 semicircular canals sense rotational or angular acceleration

a.  receptors - are modified epithelial cells called hair cells; head movement causes fluid within the vestibular structures to bend the hair-like projections on receptors; bending of hairs changes the membrane potential of receptor cells and produces a changed pattern of APs in sensory nerve fibers

b.  neural path - APs transmitted to cerebellum and vestibular nuclei of medulla, then to oculomotor center of brain stem (for eye responses) and to spinal cord (for motor responses of head, neck, body)   

2.  hearing - mediated through the step-wise transduction of sound waves (in air) to mechanical action (in middle and inner ear) to fluid waves in the cochlea to electrical activity (in Organ of Corti) causing neural stimulation recognized by brain as sound

a.  outer ear - pinna and external auditory meatus funnel and channel sound waves to tympanic membrane

b.  middle ear - tympanic membrane vibrates and moves middle ear bones (malleus ( incus ( stapes); stapes vibrates the cochlear oval window

c.  inner ear - movement of oval window transmits vibrations to the scala vestibuli, one of 3 fluid filled compartments of the snail-shaped cochlea.  The scala vestibuli is separated from a similar perilymph-containing channel (scala tympani) by a membranous endolymph filled channel (cochlear duct) that contains the sensory receptor cells for hearing.  Fluid waves of low frequency are able to travel the length of the scala vestibuli to its continuity site with the scala tympani before impacting the cochlear duct and stimulating receptors.  Fluid waves of high frequency traveling through the scala vestibuli impact the channel walls (and cochlear duct) early, stimulating different receptor cells.

(1)  Organ of Corti - functional unit of hearing, located within cochlear duct; sensory receptors have "hairs" that bend with the fluid waves, causing depolarization ( generator potentials ( APs

d.  neural path - CN VIII sensory neurons to medulla to midbrain to thalamus to temporal lobe; neurons from different regions along the length of the cochlear duct project to different parts of the cortex (accounting for pitch of sound)

e.  hearing impairments - 2 categories of deafness:  conduction deafness (damage between tympanic membrane and oval window) and sensorineural deafness (damage to hair cells or CN VIII)

E.  Vision - light from an object is focused by the cornea and lens onto the retina at the back of the eye (a photoreceptive tissue); only visible light stimulates the photoreceptors to fire nerve impulses

1.  refraction - the bending of light by the cornea and lens to focus it on the retina; degree of refraction is dependent of the curvature of the cornea (constant) and lens (adaptive); due to refraction, the visual image is upside down and reversed

2.  accommodation for near vision - ability of the eyes to keep an image focused on the retina when the distance between the eyes and the object is changed; results from contraction of the ciliary muscle relaxing the pull on the lens, allowing it to round up and thicken for near vision

3.  visual acuity - sharpness of vision due to focus of image on fovea centralis; fovea only contains cone-type photoreceptors with a 1:1 ratio of receptors to neurons resulting in very high resolution

a.  myopia (nearsightedness) - eyeball is too long, image focuses in front of retina

b.  hyperopia (farsightedness) - eyeball is too short, image focuses behind retina

c.  astigmatism - curvature of lens and cornea is not symmetrical, image does not focus

d.  presbyopia - loss of ability to accommodate with age, near vision only affected

4.  retinal organization - retina consists of a pigmented epithelium and supportive tissue (outer layers), photoreceptors (middle layer), and integrative and optic neurons (inner layer).  

a.  photoreceptors - contain pigment molecules that undergo dissociation in response to types of light; rods give black and white vision in low light (especially green), cones give color vision and visual acuity.  Pigment molecule for rods is rhodopsin (combination of a protein, opsin, and a Vit A derivative, retinene.  Cones (3 types for blue, green, red) also have retinene but a different protein for each cone type.

(1)  dark adaptation – In light, rhodopsin dissociates into retinene and opsin. When first entering a dark room, vision is poor because rhodopsin is already dissociated.  After 5 minutes in the dark, reassociation of rhodopsin (and other changes) account for 100,000 fold increase in ability to see.  Rhodopsin now is available to dissociate, which changes ionic permeability of rod cell membrane, resulting in APs (and vision).

b.  interneurons (amacrine and horizontal cells) -  provide integration of receptor activity

c.  bipolar cells - receive stimulation from receptors (many rods synapse on one bipolar cell, few or only one cone synapse on bipolar cell); have graded depolarizations

d.  ganglion cells - ganglion cell axons make up the optic nerve; stimulation from many rods goes to one ganglion cell, but few or only one cone connects to one ganglion cell for better visual acuity and resolution; have APs

5.  visual sensitivity and acuity - tiny pit in retina, called fovea centralis, is location for most acute vision due to 1:1 ratio of cones to ganglion cells and lateral displacement of the neural layers.  Peripheral retina has more rods than cones and many rods converge onto 1 ganglion cell, providing visual input in low light situations (visual sensitivity) but lacking acuity

6.  neural pathway - ganglion cell axons exits the eye at the optic cup and form the optic nerve; the most medial nerve fibers of the optic nerve cross at the optic chiasm so that input from the right half of the visual field projects to the left lateral geniculate body (thalamus) and input from the left visual field projects to the right lateral geniculate body (then on to the occipital lobe of the cortex for perception of vision); 20-30% of nerve fibers are sidetracked to the superior colliculus (midbrain) for coordination of eye and body muscles




a.  eye movements - 3 types of extrinsic eye muscle movements - saccadic, smooth pursuit and vergence; controlled by midbrain, pons and medulla.  Pupil reflex activated by light stimulation of gangion cells directly (not rods/cones), which provide sensory input to PS neurons in midbrain.

7.  neural processing - the way that each neuron  responds to light provides information about the way the brain interprets visual stimuli; circular dots of information from ganglion cells and lateral geniculate cells are transformed in the brain into information about the linear edges of the image (position, length, orientation, movement)

a.  ganglion cell - receptive field is about 2um in fovea and 1 mm in periphery; ganglion cells use a form of lateral inhibition to accentuate images, some have receptive fields with stimulation at the center ("on-center fields") and others have greater stimulation in the field periphery ("off-center fields")

b.  geniculate bodies - have circular receptive fields with antagonistic centers and peripheries (peripheries called "surrounds") like ganglion cells

c.  occipital cortex - nerve fibers project to area 17, then to areas 18 and 19; cortical neurons are simple, complex, or hypercomplex

(1)  simple neuron - receptive field is rectangular, responds to slit of light located in a precise area of the visual field at a precise orientation

(2)  complex neuron - responds best to 



straight lines with specific orientation that move in particular direction

(3)  hypercomplex neuron - responds to lines of particular length or having a particular bend or corner

ENDOCRINE SYSTEM PHYSIOLOGY

Endrocrine glands secrete biologically active chemicals (hormones) into the bloodstream.  Hormones affect their organs and tissues by binding to specific receptors and help regulate metabolism, growth, and reproduction.

A.  Hormones (regulatory molecules secreted into bloodstream)

1.  diverse structures; 3 categories:   

a.  amines– includes Epi and NE previously seen as 

neurotransmitters in the ANS, thyroxine

b.  polypetides and glycoproteins (e.g small peptides like ADH, 

oxytocin, insulin and larger molecules like TSH, LH, FSH, glucagon, ACTH)

c.  steroids (e.g. cortisol, aldosterone, testosterone) – nonpolar 

lipids derived from cholesterol; hydrophobic

2.  precursors – inactive molecules; prohormone is longer chained polypeptide cut down to make the active hormone (e.g. insulin and proinsulin); prehormone is inactive form of hormone that is changed to active form by the target cell (e.g. T4 converted to T3)

3.  physiologic regulation - requires binding of hormone to specific receptor proteins, specific changes in target cells caused by receptor binding, and mechanism to inactivate/remove hormone (notice this is similar to neurotransmitter regulation)

4. hormone interactions - hormones may work together to produce a result (synergistic effect, e.g. Epi and NE on heart rate); first hormone may increase activity of or response to second hormone (permissive effect); one hormone may inhibit the effect of another (antagonistic effect, e.g. insulin and glucagon)

5.  hormone concentration - reflects level of glandular secretion since hormones are not stored in the body; effects of hormones are concentration dependent- in high concentrations, noncharacteristic effects may be encountered; in normal concentrations, upregulation and downregulation can be seen

a.  priming - a normal increase in sensitivity to a hormone caused by small amounts of that hormone (upregulation), usually occurs with peptide hormones; hormones cause more receptors to be made, so the next exposure creates a greater response

b.  downregulation - prolonged exposure to high hormone

concentrations can cause a decrease in number of receptors; prevention of downregulation normally is achieved by pulsatile release of certain hormones (avoids prolonged high concentrations)

B. Mechanisms of Hormone Action - hormones with similar chemical nature have similar mechanisms of action; lipid soluble hormones (thyroid, steroid) pass through cell membrane and act directly within target cell; polar molecules interact with cell membrane receptors to produce an intracellular second messenger



1.  nuclear receptor proteins for nonpolar hormones - about 70 receptors divided into 2 families (steroid and nonsteroid); bind to nonpolar hormones and then to the DNA causing a change in protein synthesis; 2 hormone-receptor units are required to activate the DNA (dimerization)




a.  steroid hormones – large and nonpolar; transported to target cell by carrier proteins; easily pass through lipid portion of cell membrane; bind to receptors and receptor-hormone complex translocates to nucleus; receptor-hormone complex binds to DNA and activates synthesis of specific proteins; also regulated by coactivators and corepressors that modify receptor-hormone activity




b.  thyroxine (T4) – large and nonpolar; transported to target cells by thyroid-binding globulin; bound T4 acts as reservoir- only free T4 can enter cell; cellular T4 converted to active T3 which attaches to 1 nuclear receptor protein; retinoic acid (a Vitamin A derivative) must bind to the other receptor (each forms ½ the dimer)

2.  polar hormones (catecholamines, polypeptides) - unable to penetrate lipid cell membrane; bind to membrane receptors which activate a second intracellular messenger; multiple second messenger systems may be acting within the same cell

a.  cyclic AMP - produced by enzyme adenylate cyclase from ATP in response to hormone-receptor binding; is best understood second messenger (e.g. activated by Epi binding to Beta receptors); increases the activity of enzyme protein kinase which modifies enzymes that are already present in the cell, altering the metabolism of the cell; cyclic AMP broken down by phophodiesterase (PDE), PDE blocked by theophylline and caffeine (results in increased cAMP and increased hormone activity)

b.  Ca++ - second messenger of some hormones (e.g. Epi binding to alpha receptors); hormone-receptor binding causes activation of Phospholipase C and rapid flow of Ca++ into cytoplasm; Ca++ binds to calmodulin; calmodulin activates protein kinase enzyme which modifies enzymes already present in the cell, altering the metabolism of the target cell

c.  tyrosinase kinase - 2 inactive receptor half-units bind to regulatory molecule (insulin or autocrine regulators called growth factors), half-units dimerize and become active tyrosinase kinase which changes activity of cytoplasmic enzymes resulting in altered activity of target cell




d.  cGMP - nitric oxide stimulates cGMP production; causes vasodilation in penis

C.  Pituitary Gland - 2 parts:  neuro- (extension of nerve fibers from hypothalamus) and adeno- (glandular derivation from mouth) hypophysis

1.  anterior pituitary (adenohypophysis) hormones - anterior pituitary secretes trophic (look up atrophy, hypertrophy) hormones that regulate other glands:

a.  growth hormone (GH) - promotes uptake and utilization of amino acids; too much in childhood ( gigantism, in adulthood ( acromegaly

b.  thyroid stimulating hormone (TSH) - stimulates thyroid gland

c.  adrenocorticotropic hormone (ACTH) - stimulates adrenal cortex

d.  follicle stimulating hormone (FSH) – one of the gonadotropins, stimulates ovarian follicles (to product hormones and eggs) and testicular Sertoli cells (aids in sperm production)

e.  luteinizing hormone (LH) – the other gonadotropin, stimulates ovulation and development of the corpus luteum in females and secretion of testosterone in males (target cell is testicular Leydig cell)

f.  prolactin (PL) - stimulates milk production, supports male reproductive system, helps regulate water and electrolyte balance in kidneys

2.  posterior pituitary (neurohypophysis) hormones -  hormones are produced by neurons in the hypothalamus, stored in and secreted by posterior pituitary, controlled by neuroendocrine reflexes

a.  antidiuretic hormone (ADH) - stimulates retention of water in renal tubules by opening channels that allow water to be reabsorbed

b.  oxytocin - stimulates uterine contractions during labor and mammary duct contraction (milk let-down)

3.  control of the anterior pituitary - neurons in hypothalamus secrete releasing and inhibiting hormones (e.g. TRH, GnRH), picked up by a portal system that delivers blood (and these hormones) to the anterior pituitary, thus stimulating or inhibiting the secretion of the ant. pituitary's hormones;  negative feedback inhibition from the target organ on the pituitary and hypothalamus also regulates their function; lastly, higher brain function also contributes regulation (e.g. stress, circadian rhythm)  

D.  Adrenal Gland - paired organs sitting on the superior poles of the kidneys; have 2 parts (cortex, medulla)

1.  adrenal cortex - derived from mesoderm; has 3 zones, each secreting a different steroid hormone (chemically derived from cholesterol)

a.  mineralocorticoids - produced in zona glomerulosa; regulate mineral (Na+, K+) balance; example, aldosterone

b.  glucocorticoids - produced in zona fasiculata and zona reticularis; regulate metabolism of glucose and other molecules; example, cortisol

c.  sex hormones - small amounts; supplement production of sex hormones by gonads; mostly weak androgens, little estrogen

d.  general adaptation syndrome (GAS) - nonspecific response to stress; 3 phases:  alarm reaction (activation of adrenals by the stress), readjustment of reaction, and exhaustion if readjustment is not complete (caused by depletion of energy reserves, fatigue, immunosuppression)

2.  adrenal medulla - part of the ANS; derived from neural crest; innervated by sympathetic nerve fibers; activated by many stressors; secretion of epinephrine and norepinephrine gives fight-or-flight response

E.  Thyroid/Parathyroid Glands - thyroid is a bi-lobed gland on anterior surface of trachea; microscopically, consists of round follicles with protein rich fluid in center (colloid) lined by cuboidal epithelial cells; thyroid hormone is synthesized within colloid; 4 small parathyroid glands located on posterior surface of thyroid gland function in calcium balance

1.  thyroid hormone -  responsible for basal metabolic rate, growth, development of CNS; is a protein with 3 or 4 iodines made in the colloid of the follicle while being attached to thyroglobulin; taken up by epithelial cells lining the follicles (after stimulation by TSH); T3 and T4 (hydrolyzed free from thyroglobulin) secreted into bloodstream by lining cells


a.  hypothyroidism – inadequate thyroid hormone levels; if occurs in fetal development/infancy, results in mental retardation and poor growth; if occurs in adulthood, results in low metabolism, weight gain, myxedema;  both can be reversed




b.  goiter - growth of thyroid stimulated by trophic effect of TSH; caused by iodine deficiency (unable to make T4, T3 so no negative feedback) or caused by antibodies that act like TSH (autoimmunity)




c.  hyperthyroidism - results in weight loss, increased metabolism, high cardiac output

2.  calcitonin - produced by parafollicular cells of the thyroid; decreases Ca++ levels

3.  parathyroid hormone – vital product of parathyroid glands; promotes rise in Ca++ levels by:  stimulating bone reabsorption, promoting the action of Vit D in absorption of Ca++ from the intestine, conservation of Ca++ by kidneys

F.  Pancreas - both endocrine and exocrine secretions; exocrine function will be covered with GI system; islets of Langerhans are endocrine structures that secrete insulin and glucagon

1.  insulin - secreted by beta cells of the islets of Langerhans in response to rising levels of glucose, amino acids and fats after eating; promotes entry of glucose into cells (thus cells can convert to storage products, glycogen and fat) and entry of amino acids into cells (and production of proteins)

2.  glucagon - secreted by alpha cells of the islets of Langerhans in response to falling energy substrates; stimulates hydrolysis of glycogen to glucose in the liver; stimulates hydrolysis of stored fat and release of fatty acids (to provide energy substrates); stimulates conversion of fatty acids to ketone bodies in liver (more energy substrates)

G.  Pineal Gland - located in brain; innervated by sympathetic nervous system; secretes melatonin (highest at night because of inhibition from visual pathways during day); circadian (daily) rhythms may be due to cyclic release of melatonin

H.  Thymus - active in newborns and children; produces T lymphocytes and hormones that stimulate T lymphocytes

I.  Gonads - testes and ovaries; secrete sex steroids (androgens, estrogens, progesterone)

1.  testes - interstitial tissue contains Leydig cells which secrete testosterone (needed for male gonads, accessory organs, sexual characteristics)

2.  ovarian follicle - granulosa cells secrete estrogen; after discharge of ovum the empty follicle changes to the corpus luteum (affected by LH from anterior pituitary) and secretes progesterone and estradiol

3.  placenta - secretes large amounts of estrogens, progesterone, and peptide hormones which mimic the anterior pituitary hormones LH,GH, PL.

J.  Autocrine and Paracrine Regulation -not really part of the endocrine system; molecules act within the same organ that produces them, supplement the regulatory effects of the endocrine and nervous systems; autocrine - act on the same tissue, paracrine - act on a different tissue within the same organ.  Most diverse group of autocrine regulators is prostaglandins.  



1.  Prostaglandins - family of fatty acids derived from arachidonic acid in a metabolic pathway using enzyme cyclooxygenase “COX” (arachidonic acid can also be converted by enzyme lipoxygenase to leukotrienes, another autocrine regulator); prostaglandins produce diverse and sometimes antagonistic effects including:




a.  inflammation - promotes inflammation, pain, fever; blocked by aspirin and NSAIDS; there are 2 forms of COX, inhibitors for COX type II more selectively block the inflammation pathway and cause less side effects (see GI below)




b.  reproduction - promotes uterine sensitivity at childbirth




c.  GI system - inhibits gastric acid secretion; protects mucosa




d.  respiratory - antagonistic effects of different prostaglandins




e.  blood vessels - antagonistic effects




f.  blood clotting - thromboxane A2 promotes platelet aggregation, prostacyclin inhibits it (overall function is to limit clot formation as necessary)




g.  kidneys - cause increased renal blood flow
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PHYSIOLOGY

LECTURE

UNIT THREE
MUSCLE PHYSIOLOGY

A.  Skeletal Muscle Structure– Single muscle cells (muscle fibers) have fibrous connective tissue between them (endomysium), between and around larger muscle fascicles/bundles (perimysium), and around the entire muscle (epimysium) that prevents the muscle fibers from pulling out of the muscle attachments when they contract.  One muscle cell = myofiber = muscle fiber.

1.  motor units - one motor neuron (from ventral horn of spinal cord traveling through spinal nerve) branches to innervate many muscle fibers; the specialized region where the nerve fiber synapses on the muscle is the motor end plate; motor unit is the neuron and all the muscle fibers it innervates; when stimulated all fibers contract in all-or-none fashion; small motor units are required for fine control and are stimulated easier than larger motor units

a.  innervation ratio - number of muscle fibers to one motor neuron; few muscle fibers to one neuron in muscles where fine control is needed, like the extraocular muscles 

b.  recruitment - as the strength of the required contraction is increased, more and larger motor units (which require more excitatory stimulus) are activated 

B.  Mechanisms of Contraction

1.  structure - skeletal muscle fibers (cells) are striated and multinucleate; contain numerous densely packed myofibrils, which (using the microscope) show dark bands (A bands) and light bands (I bands) across the myofibrils.  Myofibrils contain 2 types of myofilaments, thick and thin

a.  thick filaments – a stack of filaments give A band its dark appearance; composed of protein myosin

b.  thin filaments - longer filaments that extend into the stack of thick filaments on one end and are attached to the Z line (actually a disc) at the other end; made of protein actin; a group of thin filaments is attached to each side of the Z disc, overall subunit (from one Z disc to the next) called a sarcomere.  Sarcomeres, the subunits of muscle function, are repeated throughout the length of the myofibrils.

 
2. sliding filament theory - thick and thin filaments remain the same length during muscle contraction; shortening of the sarcomere is accomplished by the thin filaments sliding over and between the thick filaments, producing increasing overlap, bring the Z discs closer, shortening the muscle fiber

a.  cross-bridges - sliding of filaments is produced by cross-bridges that activate when a myosin enzyme splits ATP to ADP and Pi.  The myosin cross-bridge then attaches to specific site on actin and undergoes conformational change (releasing ADP and Pi) and pulling the thin filament like a rope in a tug-of-war.  Then myosin binds to a new ATP and the cross-bridge releases actin and is ready to bind again.  Many contraction cycles are required for shortening of the muscle fiber.

3.  regulation  of contraction - 2 proteins on the thin filament control the attachment of myosin cross-bridges to actin.  Tropomyosin physically blocks the attachment sites on actin in relaxed muscle.  When intracellular Ca++ increases and binds to troponin, troponin moves tropomyosin out of the way so cross bridges can attach to actin.

4.  excitation-contraction coupling - release of ACh at neuromuscular junctions causes end-plate potential generation and electrical activation of muscle fibers; APs are transmitted by change of ionic concentrations across the cell membrane and its specialized elaborations called transverse tubules; APs in the transverse tubules cause voltage-gated Ca++ channels in the transverse tubules to trigger the activation of voltage-gated Ca++ channels in the sarcoplasmic reticulum; this causes release of stored Ca++ into the cytoplasma from the sarcoplasmic reticulum; when neural stimulation ceases, intracellular Ca++ is taken up by the sarcoplasmic reticulum by active transport and troponin-tropomyosin return to their resting positions

C.  Contractions of Skeletal Muscle - muscle contraction generates tension, muscle shortening, and work



1.  twitch - quick contraction and relaxation of single muscle fiber (is all-or-none); can be graded in a whole muscle by increasing stimulus.  This is similar to action potentials (is all-or-none in a single neuron and can be graded in a whole nerve)



2.  summation - additive contraction of a muscle caused by second stimulus piggybacking on the first (before relaxation occurs)



3.  tetanus - contraction is smooth and sustained without visible relaxation due to rapid, asynchronous stimulation of different motor groups



4.  treppe – repeated maximal stimulations give increased contraction strength; represents warm up effect due to Ca++ release 



5.  isotonic ("same strength") contraction - force of contraction remains constant; force is strong enough to cause shortening of the muscle, bending of the joints, and movement of the bones



6.  isometric ("same length") contraction - shortening of the muscle does not occur, usually because the force of the muscle is insufficient to overcome the load

7.  series elastic component - consists of tendons and the non-contractile components of muscle; because of their elasticity they absorb some of the tension as the muscle begins to contract, once they are stretched subsequent muscle fiber contractions will result in shortening of the muscle 



8.  length-tension relationship - a muscle’s strength is influenced by # and diameter of muscle fibers, frequency of stimulation, and initial length of muscle




a.  ideal resting length is maintained by reflexes (see muscle spindle apparatus)

C.  Energy Requirements - skeletal muscle requires ATP for movement of myosin cross-bridges (contraction) and for active transport of Ca++ back into sarcoplasmic reticulum (relaxation); energy sources are fatty acids, glucose, and glycogen through aerobic respiration (mostly) and anaerobic respiration (early in exercise); ATP can also be made by combining ADP with phosphate from creatine phosphate (enzymatic reaction requiring creatine phosphokinase, CPK)

1.  slow twitch fibers - slow contraction speed; found in postural muscles; adapted for high capacity aerobic repiration with numerous capillaries, numerous mitochondria and aerobic respiratory enzymes, high concentration of myoglobin (improves oxygen delivery; has slow myosin ATPase

2.  fast twitch fibers - fast contraction speed; fatigue quickly; adapted for anaerobic respiration with fewer capillaries, fewer mitochondria, less myoglobin, large glycogen stores and high concentration of glycolytic enzymes; has fast myosin ATPase.  Fast versus slow twitch fibers determined by the motor neuron that innervates them; small motor units are made of slow twitch fibers and are used first in muscle contraction.

3.  fatigue - 2 causes:  neural fatigue due to maximal neural stimulation and inability to restore Na+/K+ potentials, or muscle fatigue due to anaerobic respiration and lowering of pH which disables enzymes and uncouples excitation-contraction

D.  Neural Control - nerves that stimulate muscle contraction (the lower motor neurons) are influenced by sensory feedback from the muscles and tendons as well as by higher brain centers

1.  muscle spindle apparatus – is a sensory device arranged in parallel with the muscle fibers, which detects stretch upon the muscle; sensory input from the muscle spindle can be routed back to the spindle only (through gamma motor neurons) causing it to have increased sensitivity to stretch; sensory input can also be simultaneously directed to the muscle fibers themselves (through alpha motor neurons) causing the muscle to contract; this reflex mechanism produces the normal resting muscle length and state of tension (length-tension relationship and muscle tone)

2.  reflexes - reflex arc is the nerve impulse pathway utilized by the reflex; simplest reflex arc is stretch reflex (example, knee jerk reflex)

a.  monosynaptic stretch reflex - muscle is stretched which stretches the spindle, sending sensory input to spinal cord where sensory neurons synapse with lower motor neurons directly and APs are send to muscle, causing contraction  


b.  Golgi tendon organ - monitors tension in tendons produced by muscle contraction or passive stretching; sensory neurons from Golgi tendon organ synapse with interneurons in spinal cord which have inhibitory synapses with motor neurons, thus causing relaxation of the muscle and prevention of excessive contraction of the muscle or stretching of the tendon

c.  reciprocal innervation - when a muscle contracts, the antagonist muscle receives inhibitory input through interneurons in the spinal cord that prevent it from contracting

3.  higher motor neuron control

a.  precentral gyrus of the cerebrum - neurons send axons to the spinal cord that cross to the contralateral side in the medulla (pyramidal tracts)

b.  cerebellum - influences motor activity indirectly to aid coordination; all effects are inhibitory

c.  basal ganglia/nuclei - profoundly affect lower motor neurons in an inhibitory pattern

E.  Cardiac Muscle - is striated (contains sarcomeres that shorten by sliding of the thin between the thick filaments).  Cells are short, branched and joined by electrical synapses (gap junctions, seen as intercalated discs in microscopy).  Cells produce electrical impulses spontaneously, which spread through gap junctions, and myocardium contracts as single unit.  Group of specialized cells (pacemaker cells) trigger APs more readily and are regulated by ANS.

F.  Smooth Muscle - circular and/or longitudinal in arrangement; no sarcomeres, thick filaments (contain myosin) are few in number and thin filaments are very long; contraction can occur even though the smooth muscle is very stretched (unlike skeletal muscle); contraction mediated by rise in intracellular Ca++ which travels through voltage-sensitive Ca++ channels in the plasma membrane; concentration of intracellular Ca++ is directly related to strength of depolarization and is responsible for amount of binding of myosin to actin; thus contraction is graded, slow and sustained; smooth muscle maintains tone even without the ANS; smooth muscle lacks troponin control

1.  single-unit smooth muscles - have numerous gap junctions therefore act as a single unit; display pacemaker activity (like cardiac muscle) and activation due to stretch; found in GI tract, uterus, small arteries

2.  multi-unit smooth muscles - few gap junctions, therefore every muscle requires innervation; found in arrector pili muscles, ciliary muscle, iris

3.  ANS innervation - multiple regions along the autonomic nerve release neurotransmitter, receptors are present along entire surface of smooth muscle cell (not just one neuromuscular junction like in skeletal muscle)

FLOW DIAGRAM OF SLIDING FILAMENT MECHANISM OF 
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HEART/BLOOD/LYMPHATIC SYSTEM

A.  Function - the heart and blood form a transportation system to supply oxygen, nutritive substances, and regulatory molecules to the tissues and carry away carbon dioxide, metabolic wastes, and excess water.  The white blood cells and lymphatic system protect the body from disease and the clotting system prevents blood loss from tissue injury.  Together, the components of this system preserve homeostasis through their transport, regulation, and protective functions.

B.  Blood - composed of cells (45%) and fluid (55%)

1.  plasma - straw-colored fluid made of 90% water, ions, 7-9% proteins; plasma volume preserved by action of osmoreceptors in hypothalamus causing thirst and water retention through action of secreted ADH; plasma pH preserved by bicarbonate buffer system (blood, lungs, kidneys)

a.  plasma proteins - 3 groups

(1)  albumins (60-80% of plasma proteins) - small proteins made in liver; provide colloid oncotic pressure

(2)  globulins - alpha and beta globulins produced by the liver carry lipids and fat-soluble vitamins; gamma globulins (antibodies) are made by B lymphocytes

(3)  clotting proteins -  fibrinogen, one of the clotting proteins made by the liver, makes up 4% of plasma proteins; converted to fibrin in the clotting process

2.  formed elements (cells)

a.  erythrocytes (RBCs) - 4-6 million/mm3, required for oxygen transport; structure flattened, biconcave discs which provides increased surface area for oxygen diffusion; lack nucleus and mitochondria; life span 120 days; contain hemoglobin

b.  leukocytes (WBCs) - 5-10,000/mm3, granular (neutrophils, eosinophils, basophils) and agranular (lymphocytes, monocytes, plasma cells) classification based on staining properties; capable of amoeboid movement; contain nucleus and mitochondria

c.  platelets - 130-400,000/mm3, small fragments of megakaryocytes (cells only found in bone marrow), capable of amoeboid movement; able to activate clotting system; constitute major portion of the mass of the clot; stimulates constriction of the injured blood vessel

3.  hematopoiesis - formation of blood cells from populations of undifferentiated cells in bone marrow and lymphoid tissue; cells divide and cells gradually become more specialized to form blood cells; cell production stimulated by cytokines (affects lymphocytes) and erythropoietin (affects erythrocytes)

4.  red blood cell antigens/blood typing - antigen proteins exist on membrane surfaces of all body cells; specific antibodies are made against "foreign" antigens; several groups of red blood cell antigens, some are used to do "blood typing"

a.  ABO group - Type A blood (only A antigens), Type B (only B antigens), Type AB (both A and B antigens), Type O (neither A nor B antigens); person makes antibodies against all antigens not present on his blood cells; the antibodies would bind to foreign blood cells with those antigens and cause clumping (agglutination)

b. Rh factor - important for Rh positive fetuses of Rh negative mothers; exposure to Rh positive blood during an earlier childbirth causes an Rh negative mother to make anti-Rh antibodies which can cross the placenta during a subsequent pregnancy and cause erythroblastosis fetalis; prevention by injection into mother of large amount of anti-Rh antibodies at each childbirth (binds to and covers Rh antigens so that stimulation of immune system is prevented)

5.  blood clotting - blood clots contain platelets, fibrin, trapped RBCs; clots formed through vasoconstriction, platelet plug formation, activation of clotting cascade

a.  platelet functions - damage to blood vessel endothelium and exposure of collagen coated by von Willebrand Factor (made by the endothelial cells) allows platelets to attach; platelets release secretory granule products that cause vasoconstriction (serotonin, thromboxane A2) and platelet aggregation and plug formation (thromboxane A2, ADP); aspirin inhibits prostaglandin production

b.  clotting cascade - results in the conversion of fibrinogen (soluble) to fibrin (insoluble) to strengthen the forming clot; 2 pathways, intrinsic and extrinsic

(1)  intrinsic pathway - initiated when plasma is exposed to negative charges (collagen, glass); activates Factor XII which activates other factors in a cascading (domino) effect; final steps are conversion of prothrombin to thrombin which then converts fibrinogen to fibrin; fibrin makes long threads supported the platelet plug; final “common pathway” requires Ca++, phopholipids

(2)  extrinsic pathway – shortcut initiated by release of tissue thromboplastin from damaged tissue

6.  clot dissolution - activated factor XII also promotes conversion of plasminogen to active enzyme plasmin that digests fibrin into fibrin split products

a.  anticoagulants - prevent clotting of blood by reducing platelet aggregation (aspirin), chelating Ca++ (e.g. EDTA), inactivating thrombin (e.g. heparin), or reducing liver production of clotting factors due to Vit K inactivation (e.g. coumarin)

C.  Heart Structure - contains 2 atria and 2 ventricles separated by fibrous septum and supported by fibrous skeleton; atria and ventricles are structurally and functionally separate; proper flow of blood within the heart is aided by 2 pairs of one-way valves

1.  pulmonary circulation - blood (low oxygen, high CO2) in right atrium enters right ventricle, then is pumped into pulmonary arteries and transported to lungs; gas exchange occurs in lungs and oxygenated blood is returned to left atrium by pulmonary veins

2.  systemic circulation - blood (high oxygen, low carbon dioxide) in left atrium enters left ventricle, then is pumped into aorta and transported to all organ systems; blood returns via systemic veins to 2 large veins (superior and inferior vena cava) that dump blood into right atrium

3.  valves - heart valves supported by connective tissue, serve to close off chambers of heart 

a.  atrioventricular valves - right side of heart has tricuspid valve, left side has mitral (AKA bicuspid) valve; allow one-way flow of blood from atria to ventricles; valves open when ventricles relax, close when ventricles contract; eversion of valve flaps prevented by fibrous connections to ventricle wall (chordae tendineae)

b.  semilunar valves - right side of heart has pulmonic valve, left side has aortic valve; allow blood to enter pulmonary and systemic circulations from the ventricles; valves close when ventricles relax, open when ventricles contract

D.  Cardiac Cycle - repeating pattern of contraction and relaxation of the heart; pumping of blood is 2 steps:  contraction of atria followed by contraction of ventricles; contraction of ventricles= systole, relaxation of ventricles= diastole; contraction of ventricle ejects about 2/3 of the blood it contains (stroke volume)

1.  heart sounds - closing of valves produce lub-dub sounds heard at surface of chest; lub (first heart sound or S1) made by closing of AV valves during isovolumetric contraction of the ventricles; dub (second heart sound or S2) made by closing of semilunar valves when pressure in ventricles falls below pressure in arteries

a.  murmurs - abnormal heart sounds produced by abnormal patterns of blood flow in heart; stenosis of valve impairs blood flow out of chamber; regurgitation caused by incompetent valves reduces efficiency; septal defects reduces efficiency and increases pressure on opposite side

E.  Electrical Activity of Heart 

1.  sinoatrial node (SA node) - functions as pacemaker of the heart because of spontaneous electrical activity in its cells; located in right atrium; membrane potential of SA node cells is not as negative as other cells; spontaneous depolarization produced by diffusion of Ca++ inward through slow calcium channels; at threshold, fast calcium channels and voltage regulated Na+ gates open to cause an action potential; AP spreads to all myocardial cells of both atria through gap junctions

a.  ectopic pacemaker - other regions contain cells capable of spontaneous depolarization but rate is slower than in the SA node; if SA node is unable to depolarize ectopic regions, these ectopic regions may also serve as sites for the origin of action potentials

2.  conducting tissues - because atria and ventricles are separated by fibrous tissue, APs cannot be conducted directly to myocardial cells in ventricles; AP passes through specialized conducting tissue:  AV node (at base of atria), to bundle of His and bundle branches (travel to apex of heart in interventricular septum), to Purkinje fibers (within ventricular walls) 

a.  heart contraction - contraction is coupled (connected) to the AP in a manner slightly different from skeletal muscle; calcium enters through voltage regulated gates in the cell membrane and causes Ca++  release from the sarcoplasmic reticulum, Ca++ binds to troponin, etc.; however muscle contraction cannot be sustained because entire myocardium (contracting unit) of atria and ventricles stimulated as single unit; since all cells contract with each stimulation, all cells have to relax; therefore, rhythmicity is maintained

3.  electrocardiogram (ECG/EKG) - membrane potential changes generated by heart are conducted to skin and can be recorded by surface electrodes placed at skin surface; 12 leads - 6 extremity, 6 chest- which view the heart's electrical activity from different directions; the 3 main EKG waves are produced by composite effects of APs in many myocardial cells

a.  P wave - due to spread of atrial depolarization; 

b.  QRS wave - due to spread of depolarization in ventricles; occurs just before beginning of systole

c.  T wave - due to repolarization of ventricles; occurs just before beginning of diastole

F.  Blood Vessels - form a tubular network throughout body; blood leaving heart passes through arteries, arterioles, capillaries; blood returns to heart through capillaries, venules, veins

1.  arteries - aorta and large arteries contain elastic fibers to help them stretch and recoil during pulsatile flow of blood; small muscular arteries are less elastic and give more resistance to blood flow; some arterioles directly connect with venules and bypass capillaries (A-V shunts)

2.  capillaries - have single cell lining called endothelium (no muscle or connective tissue), which permits rapid transport of materials between blood and tissues; large total surface area; capillary bed blood flow regulated by precapillary sphincter muscles

a.  continuous endothelial lining - found in muscle, lung, adipose, CNS tissues; have tiny channels between endothelial cells to allow passage of larger molecules (except in CNS where there are no channels--blood brain barrier)

b.  discontinuous lining - found in bone marrow, liver, spleen; distance between endothelial cells is great and capillaries appear like sinusoids in the tissue

c.  fenestrated lining – found in kidneys, endocrine glands, intestine; intercellular channels are wide, covered by mucoprotein which restricts passage of certain molecules like proteins

3.  veins - contain most of blood volume; thin walls are distensible; pressure in veins is too low to return blood to heart; have one-way valves

a.  skeletal muscle pump - veins pass between skeletal muscles; muscles squeeze the veins during muscle action; blood is squeezed one-way toward the heart since valves prevent reverse flow of blood (unless they are incompetent, such as in varicose veins)

b.  diaphragm pump - during inhalation, the diaphragm flattens, increasing pressure in abdomen and decreasing pressure in thorax; increased abdominal pressure squeezes the blood in the abdominal veins towards heart; decreased thoracic pressure aids filling of thoracic veins and right atrium

4.  atherosclerosis - process of lipid-filled plaque formation that occludes arteries and reduces blood flow to organs (e.g. coronary arteries to heart); risk factors include age, smoking, hypertension, high cholesterol




a.  cholesterol - lipids are transported as fat-protein droplets





1.  low-density lipoprotein (LDL) - high in cholesterol; produced by liver and removed from blood by tissues (including liver, blood vessels) which have LDL receptors





2.  high-density lipoprotein (HDL) - transports cholesterol from tissues to liver, removing cholesterol from blood vessels and reducing atherosclerosis; increased by exercise

b.  ischemia - inadequate supply of oxygen relative to the need of the tissue for oxygen; most common cause of heart ischemia is atherosclerosis; angina pectoris is pain in chest and left arm due to anaerobic metabolism in heart because of low oxygen supply; ischemia can be detected by depression of S-T segment on EKG; myocardial infarction is death of myocardial tissue due to prolonged (more than a few minutes) anaerobic conditions; confirmation of MI by increased blood levels of CPK and LDH (released by dead myocardial cells)

5.  arrhythmias - abnormal heart rhythms; can be detected by EKG

a.  bradycardia - heart rate less than 60

b.  tachycardia - heart rate over 100

c.  flutter - rate rapid (200-300), but pumping still coordinated

d.  fibrillation - myocardial contractions not in sync, pumping not coordinated

e.  AV block - 1st  degree = slowing of AP conduction through the AV node due to damage of the node, 2nd degree = incomplete conduction through the AV system, 3rd degree = complete prevention of electrical transmission from atria to ventricles (ectopic pacemakers take over) 

G.  Lymphatic System - 3 functions

1.  transports interstitial fluid from tissues back to blood; "lymph" flows through lymphatic capillaries which have porous junctions between endothelial cells allowing entrance of fluid, proteins, microorganisms, fat; smaller vessels dump into large vessels that have valves (like veins) to prevent backflow; lymph eventually moves through thoracic duct or lymphatic duct to empty into left or right subclavian veins

2.  transports absorbed fat from small intestine to blood circulation

3.  lymph filtered in lymph nodes (removes microorganisms, cancer cells); lymph nodes produce lymphocytes, as do other organs of the lymphoid system (tonsils, thymus, spleen)

CARDIOVASCULAR PHYSIOLOGY

A.  Cardiac Output (CO)- is the volume of blood pumped per minute by each ventricle as determined by the cardiac rate and stroke volume:  cardiac output = cardiac rate X stroke volume; typical CO = 5500 ml/min

1.  cardiac rate/heart rate (CR) - approx. 70 beats per minute in average adult; regulated by sympathetic nerve fibers (use NT norepinephrine), blood epinephrine (secreted by adrenal medulla), and parasympathetic nerve fibers in Vagus nerve (use NT acetylcholine)

a.  sympathetic - increases heart rate mostly by increasing rate of firing in SA node; positive chronotropic (chronos=time) effect

b.  parasympathetic - decreases heart rate by hyperpolarizing SA node cells; negative chronotropic effect

c.  cardiac control centers - in medulla oblongata; coordinate autonomic innervation of heart; affected by higher brain areas and sensory feedback from pressure receptors (baroreceptors)

2.  stroke volume (SV) - amount of blood ejected during ventricular contraction, usually 70-80 ml per beat; regulated by 3 variables:  end-diastolic volume, total peripheral resistance, and contractility of ventricle

a.  end-diastolic volume (EDV) - amount of blood in ventricle just prior to contraction (referred to as preload) which is usually about 110-130 ml (therefore about 60% is ejected = ejection fraction); stroke volume and strength of contraction are directly proportional to EDV (Frank-Starling Law)

b.  total peripheral resistance (TPR) - amount of resistance to blood flow within the vascular bed (referred to as afterload); affects the pressure in the aorta and large arteries; is an impedance to ejection of blood from the ventricle; stroke volume is inversely proportional to TPR; strength of contraction (in healthy heart) increases with increased TPR

c.  contractility of ventricle - stroke volume is directly proportional to strength of contraction; control of strength can be intrinsic (due to stretch of myocardium from increased EDV) or extrinsic (due to positive inotropic effect of sympathetic NTs causing increased contraction strength, inos=strength)

3.  venous return - veins can easily distend (compliant) and contain 2/3 of the total blood volume (=capacitance vessels); return of blood from the veins to the heart affects EDV (therefore also affecting SV and CO); determined by total blood volume and venous pressure differences from the venules to the vena cava;  also enhanced by sympathetic innervation of smooth muscle in veins (contracts), skeletal muscle pump, and diaphragm muscle pump

B.  Blood Volume - usually about 5 liters; is part of the extracellular compartment of body water (80% of ECF is interstitial = 12 liters, 20% in blood plasma = 3 liters)

1.  capillary-tissue fluid exchange - this fluid is in a state of dynamic equilibrium, continuously circulating; filtered from and returned to vascular system providing tissues with fresh food supply




a.  Starling forces - opposing effects of filtration pressure (pushing water out of capillaries) and oncotic pressure (the osmotic pressure from plasma proteins pulling water back into capillaries) that determine fluid distribution; approximately 85% of filtered water is reabsorbed and the remainder is return to the blood by the lymphatics




b.  edema - increased tissue fluid, due increased vascular pressure (causing increased filtration) or reduced reabsorption into capillaries or lymphatics

2.  kidney regulation of blood volume - similar to what happens in capillary, there is filtration of fluid containing water and solutes through capillaries in kidney (glomeruli); filtrate is modified and excreted as urine; if urine volume increases then blood volume decreases

a.  antidiuretic hormone (ADH) - stimulated by dehydration/thirst; causes increased reabsorption of filtrate in kidneys resulting in less volume of urine and more blood volume

b.  aldosterone - stimulates reabsorption of  NaCl in the kidneys; water follows solutes, so blood volume is increased

c.  renin-angiotensin system - caused by low blood volume/low blood pressure; increases in blood pressure by stimulating production of aldosterone

d.  atrial natriuretic peptide - hormone made by atria that increases Na+ excretion and decreased blood volume

C.  Vascular Resistance - rate of blood flow is INVERSELY related to resistance to flow

1.  extrinsic regulation - angiotensin II, ADH, & sympathetic stimulation cause vasoconstriction, increased vascular resistance; parasympathetic stimulation causes vasodilation (but limited to GI, genitals, salivary glands so not very important)

2.  intrinsic regulation - provides local control within organs (autoregulation, see below, or paracrine regulation).  Endothelium produces paracrine regulators  that promote vasodilation (nitric oxide, bradykinin, prostacyclin) or vasoconstriction (endothelin-1)

D.  Blood Flow to Heart/Skeletal Muscle - during stress/exercise, blood flow is diverted to heart and skeletal muscles and away from viscera and skin

1.  heart aerobic requirements - large number of capillaries in myocardium because heart requires large amounts of oxygen; unable to respire anaerobically for any length of time

2.  coronary vessel blood flow – intrinsic and extrinsic control; these vessels are constricted during myocardial contraction, therefore only fill during myocardial relaxation; sympathetic innervation vasodilates them through beta-adrenergic receptors (opposite effect to other blood vessels)

3.  muscle blood vessel flow – intrinsic and extrinsic control; vasodilation during fight-or-flight reaction from sympathetic discharge; also has intrinsic control due to metabolic build-up (dilate with ( pH, ( warmth, ( CO2)

E.  Blood Flow to Brain – circulation to brain is relatively constant because is regulated completely intrinsically:  blood vessels automatically dilate when blood pressure falls and constrict when pressure rises; CO2 also changes blood flow; neural activity cause vasodilation through unknown mechanism

F.  Blood Flow to Skin - varies tremendously due to sympathetic regulation (extrinsic regulation)

1. thermoregulation-  arteriovenous anastomoses shunt blood directly from arterioles to deep venules when cold; both arterioles and AV shunts have sympathetic innervation to constrict them; release of heat through vasodilation (from decreased sympathetic stimulation) and sweating (evaporation as well as bradykinin to promote more vasodilation)

G.  Blood Pressure - 3 most important variables are blood volume/stroke volume, total peripheral resistance, and cardiac rate

1.  regulation - kidneys control blood volume; sympathoadrenal system promotes vasoconstriction and increased cardiac output

a.  baroreceptors - stretch receptors located in aortic arch and carotid sinus; receptors stimulated by increase in stretch of these areas (due to increased pressure); baroreceptor APs travel through the vagus nerve and glossopharyngeal nerve to vasomotor control centers (regulate TPR) and cardiac control centers (regulate cardiac rate) in medulla

b.  baroreceptor reflex - immediate response to decreased blood pressure (e.g. from venous pooling) or increased blood pressure (e.g. by carotid massage)

2.  blood pressure measurement - most common is indirect (ausculatory) method based on correlation of blood pressure to arterial sounds (Korotkoff sounds); no sound when blood pressure cuff is inflated higher than arterial pressure, first sound when cuff pressure is lowered enough to allow only blood under systolic pressure through, loss of sound when cuff pressure is lowered sufficiently that diastolic (laminar) blood flow comes through

3.  pulse pressure - difference between systolic and diastolic blood pressure

4.  mean arterial pressure - average arterial pressure during cardiac cycle; MAP = D + 1/3 PP (D = diastolic pressure, PP = pulse pressure = S – D)

H.  Hypertension, Shock, Congestive Heart Failure

1.  hypertension - classical blood pressure 120/80; blood pressure over 140 systolic or over 90 diastolic is hypertension; secondary hypertension is due to a known disease process; essential hypertension has no discoverable cause; hypertension is dangerous because it causes increased work for the heart, damage to cerebral blood vessels, and contributes to atherosclerosis

2.  shock - inadequate blood flow to and/or oxygenation of the tissues; most often is hypovolemic (low blood volume) but can be caused by other sources of severe, rapid hypotension (low blood pressure)

3.  congestive heart failure - failure of the heart to maintain sufficient cardiac output (less blood flow to organs); caused by variety of reasons, including myocardial infarction, electrolyte imbalance, and hypertension; congestion occurs when venous volume and pressure increase (due to failure of heart to pump blood out of left atrium) and pulmonary circulation pressure rises (increased filtration of fluid from blood to interstitial tissues) 

PHYSIOLOGY

LECTURE

UNIT FOUR

THE IMMUNE SYSTEM

The immune system includes all structures and functions that provide protection for the host.  Defenses can be classified as nonspecific (innate/built in) or specific (acquired/adaptive) immune reactions.

A.  Nonspecific Immune Protection - these defense mechanisms are inherited as built in features of the organism and include barriers and secretions (external) and phagocytosis, interferon, and inflammation (internal)

1.  barriers - epithelial cells are anatomic barriers to invasion; mucus may trap bacteria and prevent penetration

2.  secretions - acid in stomach hydrolyzes bacteria that are ingested; acidity in bladder and vagina inhibit bacterial growth; lysozyme secreted by skin destroys bacteria

3.  phagocytosis - ability to engulf and digest/deactivate particles such as bacteria, debris, cancer cells, chemicals, dying host cells; 2 groups of phagocytes:

a.  fixed phagocytes - nonmobile cells that are found within liver (Kupffer cells), lung (alveolar macrophages), brain (microglia), and spleen, lymph nodes, and bone marrow (tissue macrophages/histiocytes)

b.  nonfixed phagocytes - cells in blood and all body tissues that are mobile scavengers; are able to be recruited by chemotaxis (move toward chemicals released by the tissues); include neutrophils and monocytes/macrophages

4.  inflammation - redness, warmth, swelling, pus and pain; fever caused by release of a chemical from leukocytes called endogenous pyrogen; other chemicals stimulate increased blood flow and movement of inflammatory cells into the area

5.  interferons - a group of proteins that are secreted (as one example) into the local area by cells that are infected with a virus; interferons inhibit other (unrelated) viruses from infecting the cells in that same area; many cells make their own specific interferon proteins and there may be more kinds of protective actions of the different interferons (e.g. inhibition of tumor growth, stimulation of phagocytosis, stimulation of killer cells)



6.  complement subunits – see below

B.  Specific Immune Protection - the ability to defend against specific pathogens can be acquired by prior exposure to the pathogen; antibodies made by B lymphocytes and are part of the blood and lymph response (humoral immunity); T lymphocytes are part of the cellular response (cell-mediated immunity); lymphocytes originate in thymus and bone marrow but later seed lymph nodes, spleen, tonsils, intestine; lymphocytes aided by antigen presenting cells (such as macrophages), mast cells (release histamine, heparin, other cytokines mediating inflammation)


1.  antigens - large molecules (usually proteins) that stimulate immune reaction; there can be many antigenic sites on 1 large molecule


2.  antibodies - proteins produced by B lymphocytes that bind to antigens



3.  hapten - small molecule that can become antigenic when combined with a protein, e.g. penicillin

C.  B Lymphocytes – responsible for Humoral Immunity; are processed in bone marrow; some daughter cells remain in bone marrow and retain antigenic memory; other daughter cells transform into plasma cells which produce antibodies (Clonal Selection Theory)

1.  antibodies - AKA immunoglobulins; a group of structurally related proteins that have specific affinity (binding) for specific antigens; the marking of the antigen by antibody enables the body to detect and react to the antigen; each antibody is made of 4 polypeptide chains, 2 "heavy" and 2 "light", in the shape of a Y; the antigen binding sites are located on the tips of the Y (2 binding sites per antibody molecule); the number of different antibodies is very large (great diversity of affinity); there are 5 classes of antibodies based on structure and function

a.  IgG - the main immunoglobulin in serum; production increased after stimulation; can cross the placenta

b.  IgA - the main antibody in secretions (saliva, breast milk)

c.  IgE - responsible for allergy, immediate hypersensitivity reactions (hives, anaphylaxis)

d.  IgM - first antibody to be secreted in response to immunization; very large - doesn't cross placenta; consists of 5 antibody subunits

e.  IgD - antigen receptor on lymphocytes; others functions unclear

2.  complement - a system of serum proteins that is activated by the binding of antibodies to an antigen; there are 11 complement proteins which are present in serum in an inactive state; the complement system specifically directs its destructive force (in 3 phases) against the antigen that the antibodies are reacting to and also has nonspecific enhancements on the immune response; these are:

a.  recognition phase - C1 (has 3 components) is activated by the binding of IgG or IgM to antigen on a cell membrane

b.  activation phase - C1 complex hydrolyzes C4 into 2 fragments; the C4b fragment attaches to the cell membrane and causes the additional activation and attachment of C2a and C3b

c.  attack phase - C3b causes the activation and attachment of the attack complex (C5b-C6-C7-C8-C9); the attack complex creates large holes in the membrane which causes the cell to swell and burst

d.  nonspecific complement activity - the complement cascade can be activated nonspecifically (bypasses C1 recognition of antibody-antigen complexes); also, complement fragments not bound to the cell membrane have activities such as  chemotaxis, opsonization, histamine release

D.  T Lymphocytes – responsible for Cell Mediated Immunity; produced by the thymus; reside in blood, spleen, lymph nodes; provide specific immune protection but do not secrete antibodies; responsible for delayed hypersensitivity reactions (e.g. TB skin test) and immunity again fungi, viruses, cancer, foreign cells

1.  subgroups of T lymphocytes - killer T cells destroy cells that have specific antigens on their surface; helper T cells increase activity of B cells and killer cells; suppressor T cells decrease activity of B cells and killer cells; counts of T helper cells are done to follow the progression of asymptomatic AIDS cases.  Interactions of cells require recognition, presentation of antigen, and release of chemical regulators.




a.  lymphokines (AKA cytokines) - proteins secreted by lymphocytes (and macrophages and other cells); function to regulate other parts of the immune system; examples, interleukins, macrophage colony-stimulating factor, interferons




b.  T cell receptor proteins - T cells do not have antibodies on the surface like B cells; however, T cell receptor proteins are similar to antibodies and bind to antigens; these receptors cannot bind free antigens- Ags must be on the membrane of an antigen-presenting cells like macrophages and sometimes have to be presented with other antigens (histocompatibility antigens) in order for the T cell to respond

c.  histocompatibility antigens - AKA HLA antigens or MHC antigens; all body tissues (except red blood cells) have these genetic markers (antigens) on their surfaces; these antigens help the host recognize which cells are "self" and which are "foreign"; tissues for transplant surgery are carefully screened for histocompatibility (host and donor should have HLA antigens as similar as possible) 

2.  T cell-macrophage interactions - T cells and macrophages begin their interaction when T cells recognize host (self) and foreign antigen complexes on the surface of the macrophages; macrophages secrete interleukin-1 to stimulate lymphocyte proliferation; helper T cells secrete macrophage colony-stimulating factor and gamma interferon to stimulate macrophages; T cells secrete interleukin-2 and stimulate killer T cells; helper T cells also promote B cell production of antibodies

E.  Active and Passive Immunity - refers to immunity that is conferred by antibody production (humoral immunity, not cellular immunity); responsible for destruction of most bacteria

1.  active immunity - gained by exposure to or inoculation with the antigen; if the host has not been previously exposed to the antigen, no antibodies against it will be present in the serum until 5-10 days after exposure (primary response); if the host is re-exposed to the antigen, antibodies will be produced much more quickly (2 hours), in much greater quantity, and with a much more sustained “anamnestic” response

a. clonal selection theory - B lymphocytes (and all their daughters) inherit the ability to produce specific antibodies (one antibody per lymphocyte) and to respond to specific antigens (one antigen per lymphocyte); these lymphocytes remain in small numbers in the bone marrow until stimulated by their antigen to divide and form a clone (large numbers of one cell line)

2.  immune tolerance - the ability of the host to recognize its own tissues and not react to them; tolerance requires continuous exposure to "self" antigens which begins at an early age when the immune system is weak; some self antigens are normally hidden from the immune system (joint capsule, lens of eye, sperm, thyroid) and tolerance does not occur; if these antigens get presented to the immune system later in life antibodies will be produced against them (autoantibodies)



3.  passive immunity – antibodies (not B cells) are transferred from one person to another providing immediate, but short lasting protection (e.g. transfer in breast milk, across placenta, or with injection)



4.  monoclonal antibodies – research or medical use; large quantities of a single antibody, usually produced in animals or by combining human and bacterial DNA (recombinant DNA technology)

 F.  Tumor Immunology - tumors are clones resulting from the uncontrolled growth of a single cell; tumor cells become relatively undifferentiated compared to the mature tissue cells from which they are derived; because they are more like fetal tissues (undifferentiated) they sometimes produce cell membrane antigens that are not normally present in the postnatal tissue cells; the immune system may launch a defense (killer T cells) against the tumor based on these antigens or the antigens may be detected in blood tests and provide an early warning of cancer (e.g. CEA/carcinoembryonic antigen and colon cancer)

1.  natural killer cells - a non-T lymphocyte that destroys tumors in a nonspecific fashion; stimulated by interferon, kill with perforins and granzyme



2.  immunotherapy - modifying the immune system in a variety of ways (interferon, interleukin-2)  to assist the body in fighting cancer



3.  aging & stress - increases cancer risk

G.  Abnormalities of the Immune System - immune system is very complex and is subject to errors, which cause disease

1.  autoimmunity - the immune system fails to recognize and become tolerant to "self" antigens; T cells react to host cells and B cells produce "autoantibodies" resulting in inflammation and tissue damage such as Hashimoto's thyroiditis, idiopathic thrombocytopenic purpura (ITP), and glomerulonephritis

2.  immune complex disease - circulating antigen-antibody complexes can deposit in tissues (joint, skin, blood vessels, kidneys) and cause inflammation and tissue damage; examples, rheumatoid arthritis, hepatitis B

3.  allergy - abnormal immune responses to "allergens"; 2 types of responses:  immediate and delayed hypersensitivity

a.  immediate hypersensitivity – antibody mediated; reaction to allergen occurs within minutes; mediated by IgE type antibodies which are attached to mast cells in tissues; allergens which bind to IgE cause mast cell degranulation and release of histamine, prostaglandins, and leukotrienes; (e.g. allergic rhinitis, asthma, urticaria)

b.  delayed hypersensitivity – cell mediated; reaction to allergen occurs in hours to days; mediated by T cells; T cells release lymphokines which can be blocked by corticosteroids; (e.g. contact dermatitis, TB skin test)

RESPIRATORY PHYSIOLOGY

Respiration includes 3 functions:  ventilation (mechanical process moving air in and out of lungs), gas exchange (diffusion between air in the alveoli and blood in pulmonary capillaries), and oxygen utilization (by tissues to generate energy)

A.  Structure of Respiratory System - located in thoracic cavity which is separated from abdomen by diaphragm; wet epithelial membranes cover inside of thoracic wall (parietal pleural membrane) and outside of lungs (visceral pleural membrane); normally no real space between the membranes, only a small amount of fluid; 2 functional zones of the lungs:

1.  conducting zone - anatomical structures (mouth to terminal bronchioles) through which air passes before reaching respiratory zone; responsible for conducting, warming (to 37o ), and humidifying air (to100%)

2.  respiratory zone - region where gas exchange occurs; includes respiratory bronchioles and alveolar sacs

B.  Physical Aspects of Ventilation - movement of air in lungs occurs when there is a pressure difference between the conducting zone and the respiratory zone; airflow (just like blood flow) is directly proportional to the pressure difference and inversely proportional to the resistance to flow

1.  pulmonary pressures - pleural membranes are stuck together by small amount of fluid; when the thoracic volume increases the intrapleural and intrapulmonary pressures become slightly negative, resulting in the inflow of air into the lungs

a.  Boyle's law - the pressure of a given quantity of gas is inversely proportional to its volume

2.  compliance (distensibility) - ease with which the lungs can expand under pressure; reduced by fluid/fibrosis in the lungs

3.  elasticity - tendency of a structure to return to its initial size after being distended (natural recoil); elasticity aids in pushing air out of the lungs in expiration; elasticity is reduced in emphysema

4.  surface tension - a force that resists distension; caused at the surface of a fluid by the preferential pulling (attraction) of water molecules toward other water molecules; small amount of fluid in alveoli causes surface tension and inward pulling

a.  law of LaPlace – a pressure is created that would tend to cause the collapse of a spherical structure; this pressure is directly proportional to the surface tension and inversely proportional to the radius; therefore the “collapsing” pressure would be greater in smaller alveoli than in larger ones

b.  surfactant - a "surface active" agent containing a phospholipid, produced by type II alveolar cells in late fetal life; purpose is to reduce surface tension in alveoli and prevent them from completely collapsing during expiration; inadequate surfactant at birth causes Respiratory Distress Syndrome

C.  Mechanics of Breathing

1.  inspiration - thoracic cavity increases in size due to contraction of diaphragm and intercostal muscles (and other "accessory" muscles if inspiration is forced); a decrease in pressure results due to increased volume; air flows in

2.  expiration - passive process (if not forced) due to passive elastic recoil of lung and thorax; decrease in lung volume increases pressure; air pushed out

3.  pulmonary function tests - assessed by spirometry

a.  tidal volume - volume of air inspired or expired in quiet respiration




b.  expiratory/inspiratory reserve volume - volumes of air that can be expired/inspired beyond tidal volume




c.  residual volume - volume of gas remaining in lungs after maximum expiration 




d.  vital capacity - maximum volume of gas that can be expired after maximal inspiration (or inspired after maximal exhalation = it’s the same thing!)


e.  forced expiratory volume in first second (FEV1) - percent of vital capacity that can be exhaled within first second; measure obstruction of pulmonary system (asthma, chronic bronchitis)



4.  restrictive vs. obstructive - can be detected by spirometry; restrictive = reduced vital capacity; obstructive disorder - rate at which the vital capacity an be exhaled is reduced, i.e. FEV1 is low)



5.  pulmonary disorders - chronic obstructive pulmonary disorders (COPD) includes asthma and chronic bronchitis




a.  asthma - obstruction of air flow due to bronchoconstriction, inflammation; treated by steroids, leukotriene blockers, bronchodilators




b.  emphysema - alveolar destruction, air trapping and lung collapse; most often caused by smoking




c.  pulmonary fibrosis - scar-like fibrous tissue decreases compliance; have decreased VC

D.  Gas Exchange - exchange of oxygen and carbon dioxide occurs in the lungs and in the tissues; efficiency of this exchange can be estimated by measuring blood levels of these gases

1.  Dalton's law - the total pressure of a gas mixture is equal to the sum of the pressures that each gas in the mixture would exert independently; the pressure of one of the gases in a mixture is known as its partial pressure; for example, the partial pressure of oxygen at sea level is written:  PO2 = 21% (percent of O2 in air) x 760 mm Hg (pressure of air at sea level) = 159 mm Hg

2.  alveolar exchange - high surface area of alveoli, short diffusion distance, and abundant capillary blood flow bring rapid equilibrium between alveolar air and blood; amount of gas dissolved in the blood depends on its partial pressure since the temperature of blood is constant

a.  Henry's law - amount of gas dissolved in a liquid depends on its solubility, the temperature of the fluid, and the partial pressure of the gas.  Since both solubility and temperature are constants in human blood, the amount of O2 is blood is directly related to the PO2 in the alveoli

3.  blood gas measurements - partial pressures of dissolved oxygen and 

carbon dioxide can be easily measured; although oxygen-carrying capacity of blood depends on the amount of hemoglobin in the blood, the amount of oxygen dissolved in the plasma (PO2) gives a good measure of lung gas exchange (i.e. lung function); PO2 of air (105) is only slightly higher than the PO2 of arterial blood (100)

4.  ventilation/perfusion ratios - pulmonary circulation is a low resistance, low pressure pathway; it therefore has a low filtration pressure which helps keep fluid out of the lungs; pulmonary arterioles constrict when the PO2 is low (due to low oxygen in the adjacent lung tissue) and dilate when the PO2 is high--this helps to match high vascular supply to areas that are well ventilated (ventilation-perfusion matching) and is a form of auto-regulation

5.  abnormal partial pressures - seen in medical treatments, diving, high altitudes

a.  oxygen toxicity - high pressure (hyperbaric) oxygen causes oxidation of enzymes, nervous system destruction, blindness

b.  nitrogen narcosis - more nitrogen gas will dissolve in the blood if the pressure is increased, such as in deep sea diving; effects mimic intoxication

c.  decompression sickness - the dissolved nitrogen can undissolve if the pressure is decreased quickly, forming bubbles of nitrogen gas which block small blood vessels

E.  Regulation of Breathing - voluntary (cerebral cortex) and involuntary

1.  involuntary respiratory centers

a.  rhythmicity center - in medulla; neurons fire during inspiration and stimulate the respiratory muscles; during expiration, other neurons inhibit these inspiratory neurons; produces respiratory cycling

b.  apneustic center - in pons; provides a constant stimulus to the medullary neurons for inspiration

c.  pneumotaxic center - in pons; cyclically inhibits the apneustic neurons

2.  chemoreceptors - PCO2, PO2, and pH influence respiration; PCO2 and pH are immediately affected by ventilation changes and provide more potent stimuli for respiration than PO2 (PO2 must fall below 50 mm Hg); in disease states with chronic hypercapnea like emphysema, chemoreceptors lose their ability to respond to PCO2 and are driven by hypoxia instead

a.  medullary (brain) chemoreceptors - respond only to changes in PCO2   (since H + cannot cross the blood-brain barrier); take several minutes to respond but are responsible for most of ventilation changes

b.  peripheral chemoreceptors - located in areas of the aortic arch (aortic bodies) and carotid arteries (carotid bodies); respond immediately to ventilation changes through the change in pH

F.  Hemoglobin and Oxygen Transport - oxygen is transported by hemoglobin from lungs to tissues; amount of oxygen transported depends on 3 things: amount of hemoglobin, partial pressure of oxygen and bond strength between hemoglobin and oxygen; low hemoglobin concentration = anemia; excessive red blood cells = polycythemia; rbc production stimulated by erythropoietin

1.  hemoglobin - 4 protein chains (2 alpha, 2 beta) make the "globin"; 4 pigment molecules (hemes) contain 4 iron (Fe++) ions which can bond to oxygen

a.  oxyhemoglobin - hemoglobin bond to oxygen

b.  deoxyhemoglobin - hemoglobin without oxygen

c.  methemoglobin - oxidized hemoglobin (oxidized iron, Fe+++) 

which cannot bond to oxygen

d.  carboxyhemoglobin - hemoglobin bound (almost irreversibly) to 

carbon monoxide

e.  carbaminohemoglobin – hemoglobin bound to CO2
2.  oxygen-hemoglobin dissociation - the bond strength of oxygen and hemoglobin is strong enough to cause “loading” of oxygen on hemoglobin in the lungs and is weak enough to allow “unloading” of oxygen off hemoglobin in the tissues; hemoglobin leaving the lungs is almost saturated (97%) with oxygen (due to high PO2) and cannot become much more saturated; hemoglobin leaving the tissues is still mostly saturated (75%) even with PO2 of about 40 mm Hg; at lower PO2 the saturation of hemoglobin drops sharply ("oxyhemoglobin dissociation curve")

3.  pH and temperature effects - the bond strength of oxygen and hemoglobin is decreased with a lowered pH (Bohr effect), resulting in more oxygen being delivered to the tissues; the bond strength of oxygen and hemoglobin is also decreased by rise in temperature (more oxygen to tissues)

4.  2,3 diphosphoglyceric acid (2,3-DPG) - made in rbcs when oxygen is low (i.e. with anemia or low pO2); 2,3-DPG stabilizes deoxyhemoglobin (less affinity for O2) and allows more unloading of oxygen

5.  hemoglobin defects - abnormal form of hemoglobin (Hbg S) in sickle cell disease (rbcs "sickle" with low PO2); more gamma chains (found in fetal hemoglobin, Hbg F) in hemoglobin in thalassemia (unable to unload as much oxygen)

6.  muscle myoglobin - red pigment found in striated muscle; combines with only one molecule of oxygen but has a higher affinity for oxygen than does hemoglobin; assists in transfer of oxygen to mitochondria; may also store oxygen 

G.  Carbon Dioxide Transport - carbon dioxide combines with water (within the rbcs or plasma) to form carbonic acid (catalysed by carbonic anhydrase); carbonic acid dissociates into H+ ions and HCO3- (bicarbonate) ions:

CO2 
+
H2O

(
  H2CO3
(
H+
+
HCO3- 

carbon dioxide
water


carbonic acid



bicarbonate

This represents the carbon dioxide-bicarbonate buffering system, the major buffering system in the plasma.  Most CO2 carried by the blood is in the form of bicarbonate.  In the lungs, bicarbonate and H+ ions reform carbonic acid, which then dissociates into water and CO2 and  CO2  is exhaled.  Ventilation will change in response to pH changes, adding to the buffering ability of bicarbonate



1.  chloride shift - as HCO3-  moves out of rbcs, Cl- moves in and plasma Cl- levels decrease



2.  reverse choride shift - occurs in the pulmonary capillaries as HCO3-  moves back into rbcs and is converted back to CO2

H.  Acid-Base Balance

1.  respiratory acidosis - fall in pH due to excess carbonic acid production as a result of hypoventilation

2.  respiratory alkalosis - rise in pH due to excess loss of carbon dioxide during hyperventilation

3.  metabolic acidosis - fall in pH due to increased production of tissue acids (such as ketone bodies) or increased loss of bicarbonate (as in diarrhea); pH will remain normal until the buffering capacity of the blood (bicarbonate) has been exceeded

4.  metabolic alkalosis - rise in pH due to loss of tissue acids (as in 

vomiting) or excess intake of bicarbonate


I.  Exercise and Altitude



1.  ventilation matches exercise need so CO2 and O2 levels remain stable due to neurogenic and humoral mechanisms

2.  high altitude causes adaptations including increased ventilation, increased rbcs and hemoglobin, and decreased hemoglobin affinity

RENAL PHYSIOLOGY

A.  Structure and Function - kidneys are paired organs located in abdominal cavity; urine is produced in kidneys as a modified filtrate of plasma; urine drains into collecting ducts, then the urinary bladder and then is excreted through urethra; kidneys function to regulate volume (and blood pressure), waste products, electrolytes, and pH of the extracellular fluid.  Three processes are used in the kidney:  filtration, reabsorption and secretion.

1.  micturition reflex - the process of urination is controlled through a reflex center in the S2-4 levels of the spinal cord; stretch of the urinary bladder causes stimulation of parasympathetic neurons going to the bladder (results in contraction) and to the smooth muscle sphincter of the urethra (results in relaxation); voluntary control of the skeletal muscle of the urethra (results in relaxation) then allows urination

2.  nephron - the functional unit of the kidney; juxtamedullary nephrons have longer loops of Henle than cortical nephrons and concentrate the urine more

a.  glomerulus - arterial blood entering the nephron via the afferent arteriole is delivered into a capillary network called the glomerulus where a plasma filtrate is formed; blood is drained from glomerulus by efferent arteriole

b.  tubules - the filtrate is picked up and carried by the urinary tubules (4 parts – glomerular/Bowman’s capsule, proximal convoluted tubule, loop of Henle, distal convoluted tubule

c.  peritubular capillaries - a second network of capillaries that is in series with (vs being parallel to) the glomerular capillaries; afferent arteriole ( glomerulus ( efferent arteriole ( peritubular capillaries ( venules



3.  collecting duct - collects fluid from multiple nephrons, site of ADH action

B.  Glomerular Filtration - glomerular capillaries have large pores and gomerular capsule has large slits to allow water and solutes to pass into tubules, but not rbcs, wbcs, platelets; proteins excluded from filtrate by size and also negative charge; “ultrafiltrate” is nearly iso-osmotic to plasma

1.  glomerular filtration rate (GFR) - volume of filtrate produced per minute by the kidneys; average GFR totals 7.5 liters per hour

a. regulation of GFR - sympathetic stimulation (fight-or-flight, abrupt hypotension) causes vasoconstriction of renal arterioles and decreased GFR; local renal regulation is able to maintain a constant arteriole blood flow and GFR at mid range of blood pressures (=autoregulation, intrinsic regulation); sensor in ascending limb of loop of Henle detects NaCl levels and adjusts GFR (see juxtaglomerular apparatus)

C.  Reabsorption - because the GFR is so high, 99% of the filtrate has to be reabsorbed in the tubules by osmosis of water; this requires a concentration gradient; 65% of reabsorption occurs in the proximal tubule, 20% in the loop of Henle, and 10-15% in the collecting duct; minimum obligate amount of water loss is 400ml/day

1.  proximal tubule - epithelial cells lining tubule have Na+/K+ pumps on sides and bottom surfaces; most of filtered salt is reabsorbed here by active transport of Na+ away from the tubular lumen, with passive following of Cl- ions (by electrical gradient) and water (by osmosis); salt and water are picked up by peritubular capillaries and returned to the circulation; remaining filtrate is still iso-osmotic

2.  loop of Henle - this portion of the nephron descends into the renal medulla and then ascends back to the cortex; the 2 limbs have different functions

a.  ascending limb - near the renal cortex Na+, K+ and 2 Cl- diffuse into the epithelial cells passively; Na+ is pumped out (away from the lumen), Cl- follows passively and K+ diffuses back into the filtrate; cells are impermeable to water, resulting in a hypotonic filtrate leaving the loop of Henle

b.  descending limb - renal medulla retains the salt extruded by the ascending limb and is, therefore, hypertonic; cells lining the descending limb are impermeable to salt but permeable to water, allowing osmosis of water out of the loop into the medulla; filtrate at the tips of the loops is highly concentrated and hypertonic

c.  countercurrent multiplication - the 2 limbs of the loop of Henle are able to interact and form a positive feedback loop; the concentration of the filtrate in the descending limb is dependent on the hypertonicity of the medulla which is raised by the extrusion of salt in the ascending limb, which is raised by the concentration of the filtrate entering the ascending limb, which allows more salt to diffuse into its cells (positive feedback loop) ; NaCl reabsorption is main solute in medulla but urea also contributes

3.  vasa recta - peritubular capillaries that form long loops parallel to the loops of Henle; responsible for "countercurrent exchange" which traps solutes in the renal medulla but allows water to be reabsorbed back to the systemic circulation

4.  distal convoluted tubule – DCT and the cortical portion of the collecting duct responsible for electrolyte balance and H+ exchange, not water balance

5.  collecting duct - renal filtrate in the collecting ducts must pass through the hypertonic renal medulla to dump into the renal calyces; collecting ducts are permeable to water (but not to salt) which allows water to diffuse into the medulla and make the filtrate more concentrated; the permeability of the collecting ducts to water is 

variable; permeability increased by antidiuretic hormone (ADH) 

D.  Renal Plasma Clearance - the ability of the kidneys to remove molecules from the blood by excreting them in the urine; large # of carriers for chemicals and drugs; amount (in ml) of plasma cleared of a substance per minute =

Renal Plasma Clearance (ml/min) =  V (ml/min) X U (mg/ml) 

  P (mg/ml)

1.  inulin - if substance is not secreted or reabsorbed, then the amount excreted per minute will equal the amount filtered per minute (renal plasma clearance will equal glomerular filtration rate); inulin (a polysaccharide) is an example of such a substance

2.  PAH - if a substance is filtered and secreted, the clearance will be higher that GFR; example, para-aminohippuric acid (PAH); not all renal blood is filtered before it moves into the peritubular capillaries; there, some substances can be actively secreted

3.  glucose - if a substance is filtered and reabsorbed, the clearance will be lower than GFR; example, glucose; reabsorption occurs by active transport and requires carrier protein; if concentration of glucose is above the transport maximum (renal plasma threshold) not all the glucose can be reabsorbed and glucose will appear in the urine (glycosuria)

E.  Renal Control of Electrolyte Balance - kidneys help regulate concentrations of Na+, K+, Cl-, HCO3-, PO4
1.  aldosterone - a steroid hormone secreted by the adrenal cortex which stimulates retention of Na+ and excretion of K+; contributes to increased blood volume and blood pressure; lack of aldosterone passively allows loss of Na+ and retention of K+; secretion of aldosterone is stimulated directly by hyperkalemia and indirectly by Na+ through angiotensin II

2.  renin-angiotensin system - a portion of the afferent renal arteriole contacts the thick portion of the ascending limb (called the macula densa) and forms the juxtaglomerular apparatus; the arteriole secretes an enzyme, renin, in response to low renal blood flow or sympathetic stimulation; renin triggers the conversion of precursor to Angiotensin I; Angiotensin I converted in the lungs by ACE to Angiotensin II; Angiotensin II stimulates the release of aldosterone from the adrenal cortex; the portion of the distal tubule contacting the arteriole inhibits it from secreting renin if the Na+ concentration is raised


3.  atrial natriuretic peptide (ANP) - stimulates salt excretion (opposes aldosterone) decreasing blood volume

F.  Renal Control of Acid-Base Balance - plasma K+ concentration indirectly affects H+ concentration (and vice-versa) in the distal tubule and proximal collecting duct because K+ or H+ is excreted in exchange for Na+ reabsorption; HCO3- is almost all reabsorbed in the proximal tubule by combining with H+ in the filtrate to form carbonic acid; carbonic acid dissociates into CO2 and H2O, which diffuse back into the bloodstream

1.  metabolic acidosis - increased blood H+ concentration causes decreased excretion of bicarbonate, increased CO2 levels, and increased ventilation

2.  metabolic alkalosis - less H+ is secreted into the filtrate, so there is less formation of carbonic acid, more HCO3- lost in the filtrate, and decreased CO2 levels

3.  urinary buffers - more H+ ions can be excreted if they are buffered so as not to decrease the pH too much; since bicarbonate is normally completely reabsorbed, it is not available to buffer the urine; phosphates and ammonia are present in large amounts and are able to combine with H+ ions

G.  Kidney Disease

1.  diuretics - chemicals that increase the volume of urine excreted; site of action or mechanism of action will allow prediction of the effects

a.  loop diuretic - very powerful; inhibits salt  transport in ascending limb of loop of Henle; e.g. furosemide

b.  thiazide diuretic - inhibits salt transport in distal convoluted tubule; e.g. hydrochlorothiazide

c. osmotic diuretics - prevents reabsorption of water through increased osmotic pressure of the filtrate; e.g. mannitol, glucose

d.  potassium sparing diuretics - do not excrete as much K+ (normally excreted in exchange for the Na+) as other diuretics; e.g. spironolactone; triamterene

2.  glomerulonephritis - often caused by antibodies produced in response to a strep throat infection; antibodies attach to glomerular capillaries and cause inflammation and destruction; protein seen in urinalysis

3.  renal insufficiency/failure - decreased renal function resulting in retention of salt, water, wastes, H+ and K+ ions; may require dialysis to remove wastes and excess water; 2 kinds of dialysis - hemodialysis (blood) and peritoneal dialysis
PHYSIOLOGY

LECTURE

UNIT FIVE

THE DIGESTIVE SYSTEM

The digestive system is responsible for the intake, break down, and absorption of food particles required for production of energy and body tissues.  The digestive system consists of the digestive tract as well as accessory digestive organs.  The digestive functions include ingestion, mastication, deglutition, digestion, absorption, peristalsis, and defecation.  The GI tract also has minor endocrine functions.

A.  Structure of Digestive System

1. layers of the GI tract - 4 layers that each have a specific function:  mucosa, submucosa, muscularis, serosa

a.  mucosa - absorptive and secretory functions; contains epithelial lining, connective tissue lamina propria (contains lymph nodes), muscularis muscosa (muscle), and glands (secrete mucus)

b. submucosa - thick and vascular; also contains glands and autonomic nerves (Meissner's plexus)

c.  muscularis - muscle responsible for segmental contractions and peristalsis (wave-like contractions from the contraction of circular muscle followed by shortening of the GI tract due to contraction of the longitudinal muscle layer); autonomic nerve fibers and PS ganglia (Auerbach's plexus) between the muscle layers

d.  serosa - binding connective tissue layer

2.  regulation of the GI tract - extrinsic (autonomic) and intrinsic (intrinsic sensory and motor neurons in the gut wall and paracrine regulators and hormones)

a.  parasympathetic - vagus nerve supplies GI tract down to large intestine; sacral spinal nerves innervate lower large intestine; ganglia are in nerve plexuses; PS stimulation causes increased peristalsis and glandular secretion

b.  sympathetic - postganglionic fibers from splanchnic nerves; sympathetic stimulation reduces peristalsis and secretion and stimulates contraction of sphincter muscles

B.  Esophagus - a collapsible muscular tube that connects the mouth/pharynx to the stomach; upper portion contains skeletal muscle, the lower portion has smooth muscle; peristalsis pushes food from the pharynx to the stomach; the lower esophageal sphincter prevents regurgitation of food from the stomach into the esophagus

C.  Stomach - very distensible pouch between esophagus and small intestine; functions to store food and begin protein digestion, and empties into duodenum of small intestine; gastric glands contain different cell types that secrete hydrochloric acid, pepsinogen, serotonin, histamine, gastrin, and intrinsic factor

1.  hydrochloric acid - secreted by parietal cells using H+/K+ ATPase pumps (AKA proton pumps); gastric juice has pH less than 2.  The acidity (denatures (unravels the 3D structure of) proteins, (activates pepsinogen, and (optimizes the activity of pepsin.  The gastric lining normally is resistant to acid content in 5 ways:  layer of alkaline mucus covers epithelium, epithelial cells have tight junctions to prevent leakage, epithelial cells are shed and replaced continuously, cell membrane is impermeable to H+, prostaglandins provide protective effects.  Acid secretion is stimulated by parasympathetic activity, gastrin and histamine.

2.  pepsin - precursor pepsinogen secreted by chief cells; pepsinogen cleaved in acidic conditions to pepsin, which hydrolyzes peptide bonds in proteins

3.  intrinsic factor - secreted by parietal cells; required for absorption of B12 in the intestine; deficiency leads to pernicious anemia

4.  gastrin - secreted by G cells; stimulates secretion of HCl acid; also has a trophic effect on the gastric mucosa

5.  serotonin, histamine – secreted by enterochromaffin cells; increases acid production

6.  mucus – secreted by goblet cells

7.  somatostatin - made by D cells; hormone also made elsewhere

8.  gastritis, peptic ulcers - originally thought to be solely due to excessive gastric acids, most stomach ulcers are due to decreased barrier function (NSAID or steroid use, H. pylori infection); treatment= improve the barrier and decrease acid

C.  Small Intestine - receives chyme from stomach through pyloric sphincter; acidity of stomach contents is neutralized by pancreatic fluid; empties into large intestine through ileocecal valve; has 3 parts- duodenum, jejunum, ileum

1.  increased surface area - responsible for rapid rate of absorption of water, electrolytes, and nutrients across the epithelial membrane; large folds (plicae circularis), microscopic folds of the mucosa (villi), and foldings of epithelial cell's membrane (microvilli); absorbed monosaccharides and amino acids enter blood capillaries, absorbed fat enters lymphatic vessel (called the central lacteal)

2.  brush border enzymes - cell membranes of microvilli have attached digestive enzymes to hydrolyze disacccharides (sucrose, lactose), polypeptides and phosphates and to activate pancreatic enzymes in the intestinal lumen

3.  intestinal motility - stomach and esophagus have strong peristaltic movement; main intestinal contraction is segmentation (for mixing); intestinal smooth muscle is capable of spontaneous depolarization; rate of contraction influenced by ANS (PS increases, sympathetic decreases)

D.  Large Intestine - responsible for absorbing most of the residual water and electrolytes from the chyme received from the small intestine and eliminating the residue



1.  intestinal flora - large # of bacteria in colon; responsible for synthesis of B vitamins, Vitamin K, fatty acids; aid in absorption; ferment indigestible foods

2.  fluid/electrolyte absorption - most occurs in the small intestine, the rest occurs in the large intestine; ions are actively transported from chyme into epithelial cells (then into blood capillaries) and water follows passively; large intestine can also secrete ions (with water following passively) into the intestinal lumen, this process is increased in diarrhea

3. defecation - waste material accumulates in rectum causing increased rectal pressure; defecation reflex occurs when pressure is high enough to cause relaxation of internal rectal sphincter (involuntary); external rectal sphincter is under voluntary control

E.  Liver -(produces bile, (detoxifies blood,( important in glucose and fat metabolism, (plasma protein synthesis

1.  structure - plates of hepatocytes that are 2 cell layers thick, separated by blood filled sinusoids; therefore, each hepatocyte is in direct contact with blood

a.  portal system - 2 capillary beds in series (like the hypothalamo-hypophyseal portal system); venous blood from the intestine is delivered to the liver by the hepatic portal vein where it passes through the hepatic sinusoids and is collected again to return to the systemic circulation

b.  liver lobules - hepatocytes arranged into functional units called lobules; each has a branch of the hepatic artery, portal hepatic vein (from intestine), and central vein (returning to systemic circulation); also has bile canaliculi to collect the bile secreted by the hepatocytes, and bile ducts to empty the bile into

c. enterohepatic circulation - hepatocytes can absorb chemicals from blood and secrete them into the bile; bile will empty into intestine and some of these chemicals will be excreted in the feces; however, some chemicals (e.g. bile salts, cholesterol, Tetracycline) will be reabsorbed by the small intestine, carried to the liver, absorbed and secreted again into the bile and continue to circulate between the intestine and the liver 

2.  function - multiple and diverse functions due to large enzymatic content and connection to intestine, gall bladder, and systemic circulation

a.  bile - produced and secreted by liver; contains bile salts (form micelles that aid absorption of fats), bilirubin (breakdown product of hemoglobin), phospholipids, cholesterol, ions, water

1)  bilirubin - not water soluble (so circulates attached to albumin) until liver absorbs it and conjugates it with glucuronic acid; conjugated bilirubin secreted into bile, converted by bacteria in intestine to urobilinogen (another pigmented molecule); urobilinogen partially absorbed by intestine, absorbed by hepatocytes from portal circulation, and either secreted into bile or absorbed into system circulation; kidneys filter urobilinogen out of blood and excrete it into urine

b.  detoxification - (liver removes chemicals from arterial and portal blood by secretion into bile, (phagocytosis by Kupffer cells (line the sinusoids), or (alteration within the hepatocytes (cytochrome P450 enzymes are an important family processing chemicals through the liver; vary from person to person; can be induced)

c.  metabolism and protein synthesis - liver converts glucose to glycogen and triglycerides for energy storage and provides glucose (from glycogen and amino acids) and ketone bodies (from fatty acids) when energy is needed; plasma proteins are produced by liver, function in colloid osmotic pressure (e.g. albumin), transportation of cholesterol and hormones (alpha and beta globulins), blood clotting (e.g. fibrinogen); liver also makes angiotensinogen

F.  Gall Bladder - sac attached to liver that stores and concentrates bile continuously received from the liver; contracts to expel contents into common bile duct; if sphincter of Oddi relaxes, then bile will drain into the duodenum

G.  Pancreas - both exocrine and endocrine functions

1.  endocrine - islets of Langerhans secrete insulin and glucagon

2.  exocrine- secretory units called acini contain single layer of epithelial cells surrounding branches of the pancreatic duct; secrete pancreatic juice that contains water, bicarbonate (to neutralize acidity from the stomach), and pancreatic enzymes (like trypsin, amylase, lipase); pancreas releases enzymes into the duct in an inactive form (zymogen) that has to be activated in the duodenum

H.  Regulation of Digestion – intrinsic activity of glands and muscles is adjusted by the vagus nerve (and higher brain centers) and the endocrine system


1.  gastric – in the cephalic phase, stimuli like sight, smell can stimulate gastric secretion (gastrin, pepsinogen, HCl) via the vagus nerve; in the gastric phase, arrival of food to the stomach can directly stimulate (peptides) or inhibit (fats) gastric secretion; gastric motility and secretions are inhibited by chyme entering the intestine


2.  intestinal – intestinal phase is when stomach is inhibited by fatty chyme entering the intestine; intestine has sensory and motor neurons and can respond to activity in the rest of the GI tract; enterogastrone is a generic hormone name - inhibits stomach emptying; others hormones stimulate insulin or glucacon release  (GIP,GLP); paracrine regulators modify motility (motilin), salt/water absorption (guanylin, serotonin)


3.  pancreatic fluid and bile secretion – secretions are stimulated by entrance of chyme into duodenum; secretin stimulates production of bicarbonate to neutralize the gastric acid; cholecystokinin stimulates pancreatic enzyme production in response to fat in the chyme; both secretin and CCK stimulate bile secretion; CCK also has a trophic effect on the pancreas

H.  Digestion/Absorption of Carbohydrates, Lipids, Proteins- long polymers must be hydrolyzed into monomers for absorption

1.  carbohydrate - mainly starch (long polysaccharide of glucose molecules) and sugars (sucrose and lactose)

a.  starch - digested by salivary amylase (minimal digestion because of short length of time food is in mouth) and pancreatic amylase (main activity) to di/tri-saccharides and undigested branch points

b.  di/tri/oligo-saccharides - hydrolyzed by brush border enzymes in small intestine; monosaccharides are absorbed actively (by co-transport with Na+) and secreted into blood capillaries

2. proteins - digestion begins in stomach but this is not required; most of digestion occurs in duodenum and jejunum with pancreatic endopeptidases (e.g. trypsin) and exopeptidases (e.g. carboxypeptidase) and brush border aminopeptidase; free amino acids are cotransported with Na+ into epithelial cells and secreted into blood; adults are unable to absorb intact proteins, but infants can absorb some intact proteins

3.  lipids - most digestion occurs in small intestine

a.  emulsification - micelles are created in duodenum from bile salts, lecithin, and cholesterol excreted into the bile; micelles act to break droplets of fat up into smaller droplets, which increases surface area

b.  digestion - occurs at the surface of the droplets by pancreatic enzymes (lipase, colipase, phospholipase A)

c.  absorption - free fatty acids, monoglycerides and other fat fragments enter intestinal epithelial cells and are resynthesized into triglycerides and phospholipids; these products (and cholesterol) combine with proteins to form small particles called chylomicrons which are secreted into lymphatic vessels and are eventually dumped into the venous system

d.  blood transport - chylomicrons (from digestion) are acted upon by lipoprotein lipase found in endothelial cells of blood vessels; this provides free fatty acids and glycerol to tissue cells near those blood vessels; the leftover fatty particle circulates in the blood and is taken up by the liver; the liver also synthesizes particles containing cholesterol, triglycerides, and proteins (VLDL = very low density lipoprotein) which are transformed into low density lipoproteins (LDL) when the tissues remove triglycerides; LDL is a transport molecule to blood vessels, carrying mostly cholesterol; excess cholesterol is removed from the tissues by high density lipoprotein (HDL); therefore a higher amounts of HDL is beneficial is removing cholesterol from tissues but excessive amounts of LDL will deliver more cholesterol to the blood vessels and accelerate atherosclerosis

METABOLISM

Metabolism encompasses all of the body's chemical reactions, including those that result in energy storage and polymer synthesis (anabolism) or result in the liberation of energy and monomers (catabolism).  Hormones stimulate anabolic reactions (e.g. insulin), catabolic reactions (e.g. glucagon), or both (e.g. thyroxine, growth hormone, cortisol).
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A.  Nutritional Requirements - the body requires energy to maintain itself (which can be obtained from food or by breaking down body stores), essential amino acids and fatty acids that are not synthesized in the body, and vitamins/elements to assist enzymatic processes

1.  metabolic rate - the rate at which the body's chemical reactions occur; can be measured by amount of oxygen consumed or by amount of heat generated; basal metabolic rate (BMR) is the baseline metabolic rate of a person at rest; metabolic rate (and therefore, energy requirements) would be increased with exercise, hyperthyroidism, eating, increased surface area, etc.

2.  anabolism - part of the food we ingest is required for use in rebuilding the protein, carbohydrate, and fat that are broken down during exercise and fasting; average requirements are:  carbohydrate, 150 g/day; protein 35 g/day; fat 0 g/day; the body is unable to synthesize some essential amino acids and fatty acids and is required to ingest small amounts of these daily

3.  vitamins/elements - vitamins and elements (minerals) cannot be synthesized by the body and have to be ingested in adequate quantities and variety.  Vitamins serve as coenzymes or cofactors (B vitamins, Vitamin K), or as antioxidants, preventing tissue damage (Vitamins C and E), or as nuclear receptors for hormones (Vitamins A and D).  Minerals (Na, K, Mg, Ca, P, Cl) and trace minerals (Zn, Cu, Se) are needed for cofactors for enzymes and to maintain ionic balances




a.  antioxidants - free radical is a molecule with an unpaired electron and is highly reactive, able to oxidize or reduce other molecules.  Some are beneficial (phagocytic destruction, promote cell proliferation, vasodilation by NO.  Others can damage DNA, lipids, proteins adding to aging, cell death, inflammation and diseases.  Free radicals eliminated by enzymes, glutathione, Vitamins C and E, foods.

B.  Regulation of Metabolism - the body builds energy reserves (glycogen, fat, proteins) following a meal and breaks them down between meals to provide energy sources to the tissues; tissues may require specific sources of energy because of their enzyme limitations (brain-glucose, resting muscle-fatty acids)

1.  regulatory functions of adipose tissue - a tendency for body weight to remain stable exists even if short term changes in eating occur; adipose cell number increases in childhood when a prostaglandin binds to PPAR receptors on preadipocytes stimulating their conversion to adipose cells; occurs in response to fatty acid levels


a.  insulin and adipocytes - obese adipose cells release hormones resistin and leptin and cytokine TNF alpha, which increase skeletal muscle resistance to insulin action; stimulating PPAR receptors (e.g. with Avandia) promotes apoptosis of old, large adipocytes and production of new, small ones, and decreases insulin resistance



2.  low adiposity - reduces leptin synthesis, immunity, reproductivity



3.  obesity - increased size +/- number of adipocytes; best determined using body mass index (BMI) = weight in kg/height in m2


4.  regulation of hunger - occurs in arcuate nucleus of hypothalamus; influenced by other brain area, GI tract and adipose tissue




a.  hypothalamus - neurotransmitters include MSH, neuropeptide Y




b.  GI - ghrelin hormone made by empty stomach, acts on hypothalamus to increase NTs and thus, hunger; eating decreases ghrelin levels; CCK rises with a meal and suppresses hunger; PYY made by the small intestine may give intermediate lengths of appetite control




c.  adipose - increased leptin, a polypeptide hormone made adipose tissue, suppresses appetite long-term and is related to overall amount of body fat; insulin increases fat deposition, therefore increases leptin; insulin may have a short term effect also



5.  calorie expense - 60% for basal metabolism, 10% for adaptation to environmental temperature (shivering and nonshivering thermogenesis), and variable % for physical activity




a.  thermogenesis - in shivering, cold evokes skeletal muscle shivering; in nonshivering thermogenesis, energy lost as heat when cellular respiration must increase to compensate for mitochondrial proton leakage/inefficiency; in thermic effect of food, metabolism increases with eating (especially non-protein) and decreases with starvation





1.  regulation - sympathoadrenal system (increased Epi, NE) causes increased metabolism, thyroid hormone is permissive

C.  Regulation by Islets of Langerhans - beta cells secrete insulin, alpha cells secrete glucagon, delta cells secrete somatostatin (? function); secretion of insulin and glucagon changes during the absorption of a meal (when glucose and amino acid levels rise) and during the postabsorptive phase (when they fall); parasympathetic stimulation increases insulin during meals, sympathetic stimulation increases glucagon during stress

1. absorptive state - secretion of insulin is stimulated by increased blood glucose level; insulin promotes cellular uptake of glucose (to form glycogen in liver and muscles and triglycerides in adipose cells) and amino acids (to form proteins); thus, the action of insulin on glucose and amino acids provides a negative feedback system which maintains homeostasis.  Brain cell do not require insulin to transport glucose. 

2.  postabsorptive state - glucagon secretion is stimulated by fasting; glucagon stimulates glycogenolysis in the liver and gluconeogenesis from amino acids in the muscles, providing an increased blood glucose level; because insulin levels are low during fasting, tissues other than the brain are unable to take up much glucose which saves the glucose for use in the brain only; glucagon also stimulates the release of free fatty acids and glycerol (from fat stores) into the blood; fatty acids and ketone bodies (a breakdown product of fatty acids) then comprise the energy sources for the rest of the tissues

D.  Abnormalities in Glucose Metabolism

1.  diabetes mellitus - hallmarked by elevated blood glucose levels, resulting glucose in the urine, and increased fat catabolism; symptoms of polyuria (from osmotic action of glucose in the urine), polydipsia (increased water intake), polyphagia; in Glucose Tolerance Test (GTT), a high glucose concentration is maintained beyond 2 hours due to lack of insulin action

a.  Type I, insulin dependent - refers to patients with diabetes where the main functional problem is a lack of insulin due to the destruction of the beta cells by the immune system; also have an increased secretion of glucagon that helps raise blood glucose, fatty acid, and ketone levels; severe ketosis may lead to ketoacidosis if the buffering capacity of the blood is exceeded; treatment is with insulin injections

b. Type 2, non-insulin dependent - patients have normal or high levels of insulin but abnormally low tissue sensitivity to the hormone; insulin resistance seen more in obese and sedentary people; ketoacidosis rare, atherosclerosis, blindness and renal failure common; oral medications (sulfonylureas, thiazolidinediones) increase secretion of insulin, and weight loss and exercise are also commonly prescribed

2.  reactive hypoglycemia - tremor, hunger, weakness, blurred vision, impaired mentation caused by oversecretion of insulin after a carbohydrate meal; in GTT, the initial rise of blood glucose is followed by excessive glucose fall 

E.  Regulation by Adrenal Gland - epinephrine (from adrenal medulla) is similar to glucagon (glycogenolysis, lipolysis); glucocorticoids (from adrenal cortex) are secreted as a part of the general adaptation syndrome (stress); glucocorticoids promote lipolysis and ketogenesis, stimulates hepatic enzymes that cause glycogenolysis, stimulates protein synthesis in the liver and protein destruction in the muscles

F.  Regulation by Thyroxine - all tissues are target organs for thyroxine which is converted to its active form, T3, within the cells; thyroxine stimulates ATP production and sets the BMR, heat lost through the production and use of ATP helps with cold adaptation (a function of thyroxine and the sympathetic system); thyroxine stimulates protein synthesis (important for growth, skeletal formation, CNS development)

G.  Regulation by Growth Hormone - overall function is to stimulate growth in children and teens; complex action on metabolism (promotes protein synthesis, fat breakdown, decreased glucose utilization by the tissues); indirectly stimulates growth at cartilagenous epiphyses resulting in bone elongation; gigantism - increased height due to excessive action of growth hormone in children; acromegaly - bone deformities and cartilage enlargements due to excess GH in adults; dwarfism - due inadequate GH secretion or insensitivity of target organs to GH


1.  insulin-like growth factors (IGFs) - GH stimulation causes liver to produce factors called somatomedins, have insulin-like effects and serve as mediators for some GH effects

H.  Regulation of Calcium and Phosphate - homeostasis of Ca++ and PO4 is dependent on bony formation/resorption (constant), intestinal absorption, and urinary excretion; these are all under hormonal influence.  Ca++ is of vital importance in bone formation, excitation-contraction coupling in the muscles, as a second messenger for some hormones, and for relative impermeability of membranes to ions such as Na+.  Low Ca++ levels enhance excitability of nerves and muscles.



1.  bone balance - osteoblasts secrete bony collagen matrix and hydroxyapatite (calcium-phophate) minerals are deposited on collagen; osteoclasts digest proteins with enzymes and dissolve minerals with a pH of 4.5.  Osteoblasts are more active than osteoclasts until mid life; osteoclast activity can be inhibited by drugs like Fosamax

2.  parathyroid hormone (PTH)- ( Ca++ and ( PO4; parathyroid glands secrete PTH in response to a low plasma Ca++ concentration; PTH stimulates osteoclast activity and bony resorption, renal reabsorption of Ca++ and excretion of PO4, and formation of active Vitamin D3; increased Ca++ levels has negative feedback on PTH secretion

3.  calcitonin - ( Ca++ and ( PO4; calcium lowering hormone secreted by parafollicular cells in the thyroid; inhibits activity of osteoclasts and stimulates excretion of Ca++ and PO4; appears to be of a minor influence on calcium homeostasis in humans



4.  sex hormones - estrogen required to maintain bone mineralization;  estrogen promotes osteoblast activity and suppresses osteoclasts; estrogen levels decline in women after menopause but are stable in men (since testosterone is converted to estrogen in bone) so women more susceptible to osteoporosis



4.  TSH and/or thyroxine - unclear but beneficial effect on mineralization

5.  1,25-dihydroxyvitamin D3 - ( Ca++ and ( PO4; a prehormone from the skin or dietary source has to be converted in liver and kidney to active form; active hormone stimulates intestinal absorption of Ca++ and PO4 (primary function) and to a less degree, renal reabsorption of both, and bony resorption; helps in osteoporosis by increasing plasma levels of both ions, providing an increased source of ions to the bones; Vit D added to dairy products to ensure adequate levels in children in order to prevent rickets

REPRODUCTION

A mechanism must exist to ensure transmission of genes from one generation to another.  Through the process of sexual reproduction, genes from two individuals combine to introduce greater variability into the population.  This variability allows the population (through its diverse members) to survive changes over time.

A.  Sexual Reproduction - prior to reproduction, the normal complement of chromosomes must be halved in the germ cells of the male and female through the process of meiosis;  when fusion of the germ cells occurs, the number of chromosomes in the new human will be returned to the full complement (46, 23 pairs of similar chromosomes)

1.  sex determination - the 23rd pair of chromosomes determines sex of the developing baby; a female has two X chromosomes and a male has one X and one Y; these "sex chromosomes" are the only chromosomes that have great differences in structure and gene content; in reproduction, the female can only contribute germ cells that contain X chromosomes but the male will contribute germ cells that contain either a X or a Y chromosome; therefore, the male germ cell determines the chromosomal sex of the baby

a.  barr bodies - in females, each cell has 2 X chromosomes but only one is active; the other X chromosome is clumped and can be seen under the microscope in some body cells

b.  formation of gonads - the Y chromosome has a small locus on the short arm which is responsible for producing testis determining factor that promotes the conversion of the early gonad to a testis; the absence of this factor will allow the gonadal tissue to become an ovary by default; the embryonic testes will secrete testosterone by 9-10 weeks of conception

c.  formation of external genitalia and sexual accessory organs - early embryos have both male (wolffian) and female (mullerian) duct systems; secretion of testosterone and mullerian inhibition factor from the testes causes regression of the mullerian (female) ductal system in the male and development of the wolffian system into epididymis, vas deferens, seminal vesicles, and ejaculatory duct; these hormones also masculinize the external structures into penis, prostate, and scrotum; lack of testicular secretions allows the mullerian duct to develop into uterus and fallopian tubes and the external structures into clitoris and labia majora

d.  disorders of sexual development - true hermaphrodite has both ovarian and testicular tissue; false hermaphrodite has sexual accessory organs or external genitalia that do not match the chromosomal sex

B.  Endocrine Regulation of Reproduction - embryonic testes are active during the first trimester of pregnancy and embryonic ovaries mature in the third trimester of pregnancy, but then both gonads remain inactive until puberty

1.  negative feedback loops - as previously studied, the hormones secreted by the testes (testosterone) and ovary (estrogen, progesterone) have negative feedback on both the hypothalamus (which secretes gonadotropin releasing hormone, GnRH) and the anterior pituitary (which secretes follicle stimulating hormone, FSH, and luteinizing hormone, LH); the gonads also secrete inhibin, a hormone which specifically inhibits the secretion of FSH without affecting LH; overall secretion of gonadotropins from the anterior pituitary and sex hormones from the gonads is constant in the male and cyclical in the female; however, daily secretion of GnRH is pulsatile and the hormones it stimulates are also secreted in a pulsatile manner; this prevents desensitization and down-regulation

2.  puberty - increased testosterone and estrogen (estradiol) produce secondary sexual characteristics and growth spurt; the rise in gonadotropins (FSH, later LH) seen at puberty is due to 2 processes:

a.  hypothalamus - preprogrammed maturation of the brain leads to increased GnRH secretion

b.  decreased negative feedback - the hypothalamus and anterior pituitary become less sensitive to negative feedback from the sex steroids, thereby allowing increased amounts of FSH and LH to be secreted

3.  pineal gland - secretes hormone melatonin; secretion inhibited by light, therefore increases at night; pineal gland may be responsible for circadian ("about a day") rhythms and may have a regulatory control on gonadotropin secretion

4.  sexual response - 4 phases: arousal (vasocongestion), plateau (continued engorgement), orgasm, resolution; males also have a refractory period

C.  Male Reproduction System - bulk of male testes is made of seminiferous tubules, responsible for making sperm and Mullerian Inhibiting Factor; Leydig cells in interstitium secrete testosterone and a family of polypeptides (for autocrine regulation)

1.  hormone control - testosterone (through derivatives such as dihydrotestosterone, other androgens, estradiol) negatively feeds back on the anterior pituitary (to decrease LH) and hypothalamus; Sertoli cells in the seminiferous tubules have FSH receptors and are stimulated by FSH; Sertoli cells also secrete a hormone (inhibin) which provides negative feedback on the anterior pituitary to decrease FSH production; secretion of androgens decline gradually after the age of fifty even though the secretion of gonadotropins continues

2.  endocrine functions - testosterone and its 5-a-reduced derivatives (AKA anabolic steroids) stimulate muscle, larynx, and bone growth, increased hemoglobin synthesis, sexual accessory organ (seminal vesicles, prostate) growth, body hair, etc.; estrogens (estradiol) is also produced in small amounts; the hormones produced by the different cells (Leydig cells, Sertoli cells) in the testes also interact within the testes and enhance their different functions

3.  spermatogenesis - stem cells from the yolk sac of the embryo form the spermatogonia, cells that sperm will come from through the process of meiosis; one spermatogonia divides into 2 daughter cells, one of which will continue the cell line and the other will become the primary spermatocyte; the spermatocyte will undergo reduction division to become 4 spermatids within the seminiferous tubules.  4 ways the Sertoli cells support production of spermatozoa: phagocytizing the excess cytoplasm of the spermatids, providing essential molecules (fructose, X chromosome gene products) to the spermatids, mediating the stimulatory action of FSH on spermatogenesis and providing the blood-testis barrier (physically enveloping the sperm as well as causing apoptosis of T lymphcytes).  Sertoli cells also secrete a protein, which concentrates testosterone within the seminiferous tubules.

a.  hormonal control - formation of spermatocytes occurs without hormonal control, but testosterone is required for meiosis and early maturation of the spermatids; FSH is also required for spermatogenesis during puberty, but not in adults

4.  accessory organs - spermatozoa are drained from the seminiferous tubules into the epididymis and then into the vas deferens; the epididymis serves as a site for sperm storage and maturation (increased resistance to pH and temperature, motility, ability to fertilize); the vas deferens carries the sperm from the scrotum into the body cavity where it picks up fluid from the seminal vesicles and prostate; sperm can also be stored in the vas deferens

5.  erection, emission, ejaculation - sexual function in the male is by cooperative functions of the sympathetic and parasympathetic autonomic nervous system; erection is caused by the parasympathetic-induced vasodilation of arterioles (via nitric oxide, NO) which causes the tissues of the penis to become engorged with blood; emission is the movement of semen into the urethra and ejaculation is the forcible expulsion of semen from the urethra; they are induced by the sympathetic system causing peristaltic contractions of the urethra, as well as contraction of the glands, and muscles; higher levels of control exist with cerebral cortex acting via the hypothalamus and direct spinal reflexes occurring in the sacral region of the spinal cord

6.  fertility - decreased fertility is associated with oligospermia (low sperm counts) or anti-sperm antibodies; vasectomy is performed as a method of sterilization and results in destruction of the retained sperm and development of anti-sperm antibodies; ability to fertilize an ovum (capacitation) occurs after sperm have been present in the female tract for a period of hours 

D.  Female Reproductive System - the ovaries, fallopian tubes, and uterus are suspended within the pelvic cavity by ligaments; the uterus connects to the exterior by way of the cervix and vagina; the female sexual accessory organs respond to sex steroids in a cyclical fashion

1.  ovarian cycle - germ cells migrate to embryonic ovary from yolk sac and multiply to form 6-7 Million oogonia by the second trimester of pregnancy; no new oogonia can be produced after this time; the oogonia begin meiosis to form oocytes and are arrested at this stage, contained within tiny follicles, until stimulated by hormones (after puberty) to form larger (secondary and graafian) follicles; in the larger follicles the oocyte undergoes its first reduction division resulting in one large secondary oocyte and a remnant (polar) body; only one graafian follicle will develop completely (the others regressing) and will rupture through the wall of the ovary and extrude its oocyte into the fallopian tube; only after penetration of the oocyte by a sperm will the oocyte complete the second stage of meiosis, again resulting in one large cell (ovum) and a small remnant; the empty graafian follicle (under the influence of LH) becomes a corpus luteum which secretes estrogen and progesterone; if the oocyte was not fertilized by a sperm, it and the corpus luteum regress and degenerate

2.  hormone control - although the hypothalamus secretes one hormone (GnRH) which stimulates the secretion of both anterior pituitary hormones (FSH, LH), the levels of these hormones do not parallel each other during the menstrual cycle

E.  Menstrual Cycle - humans have cycles of ovarian function that repeat at one month cycles; menstruation refers to the periodic shedding of the epithelial lining of the uterus, accompanied by bleeding; due to a fall in estrogen and progesterone levels

1.  phases of ovarian cycle - average cycle takes 28 days; day one marked as the first day of menstruation

a.  days 1-14, follicular phase - occurs from day one (during menstruation) to the time of ovulation; in early follicular phase ovarian hormone production is very low due to follicles being very small; the follicles continue to grow and secrete estrogens (in response to higher FSH levels and more FSH receptors) and in late follicular phase one follicle become a graafian follicle; at day 12 (approximately) estradiol level is rapidly peaking and causes increased frequency of GnRH pulses from the hypothalamus and increased responsiveness of the pituitary to GnRH

b.  day 14, ovulation - the rapid rise of estradiol (resulting from the growth of the follicle) affects the hypothalamus and the pituitary resulting in increased LH and FSH secretion; this positive feedback loop at mid cycle is responsible for the LH surge which triggers ovulation; occurs approximately at day 14 of the cycle

c.  luteal phase - after the follicle extrudes the oocyte, it changes from secreting only estradiol to secreting estradiol and progesterone; progesterone levels peak one week after ovulation; high levels of estradiol and progesterone negatively feed back on the pituitary and decrease FSH and LH production so that other follicles are not stimulated to develop during this time; during late luteal phase (if the oocyte was not fertilized), the corpus luteum regresses because of lowered LH levels, and estrogen and progesterone levels fall; the withdrawal of ovarian hormones causes menstruation and a new cycle begins

2.  endometrial cycle - changes to the endometrium during the menstrual cycle can be described

a.  days 5-14, proliferative phase - increasing estradiol produced by the developing follicles causes proliferation of the lining (stratum functionale) of the endometrium

b.   days 15-28, secretory phase - increased progesterone and estradiol during the luteal phase stimulates mucous gland secretion and the endometrium becomes thick and vascular

c.  days 1-5, menstrual phase - necrosis and sloughing of the stratum functionale due to constriction of spiral arteries in the endometrium (in response to falling hormone levels)

3.  contraceptives - oral contraceptives function like a false luteal phase because of the high levels of exogenous estrogen and progesterone, prevents ovulation because FSH and LH production is inhibited by negative feedback;  rhythm method avoids coitus (sexual intercourse) before or shortly after ovulation, LH surge may cause a small decrease in basal body temperature which can help signal ovulation

4.  menopause - cessation of ovarian action (no estradiol, no follicular maturation), occurs about age fifty; FSH and LH levels increased due to lack of negative feedback; adrenal cortex continues to secrete low level androgens;  adipose tissue converts androgens to weak estrogen called estrone (if obese, higher estrogen)

F.  Fertilization - fertilization occurs normally in the fallopian tubes where the sperm meet the secondary oocyte; digestive enzymes in the membrane covering the head of the sperm are exposed, allowing the sperm to digest its way through the corona radiata and zona pellucida; when the first sperm penetrates the zona pellucida the oocyte completes its second meiotic division; the zona changes, preventing other sperm from entering; after the sperm enters the ovum, both sets of chromosomes are combined in the nucleus of the zygote

G.  Pregnancy - 30-36 hours after fertilization, the zygote begins to divide into smaller cells (cleavage) as it moves down the fallopian tube (the trip takes up to 72 hours); the early embryo, a hollow ball called a blastocyst, begins attachment to the uterine wall at 5-7 days; the blastocyst has outer trophoblast cells (chorion) which will become the placenta and an inner cell mass which will become the fetus; the trophoblast cells produce enzymes that allow penetration of the blastocyst into the endometrium.  Embryonic cells can become a variety of tissues (have pluripotential) and can be used in research to make a new individual (clone) or specialized cells for transplants.

1.  HCG - the trophoblast also secretes human chorionic gonadotropin (HCG), which acts like LH, prevents regression of the corpus luteum and, therefore, prevents menstruation; HCG secretion continues for 10 weeks, stimulating the corpus luteum to make estrogen and progesterone, until the placenta itself is able to produce adequate levels of estrogen and progesterone to maintain the endometrium

2.  chorionic membranes - after implantation is complete, the chorion becomes 2 cells layers thick (syncytio- and cyto-trophoblast); the portion of the syncytiotrophoblast in contact with the endometrium digests cavities in the endometrium and the cytotrophoblast grows into these blood filled cavities, eventually forming the fetal blood connection in the placenta; the endometrium responds by proliferating around the cytotrophoblast connection, forming the maternal portion of the placenta

3.  amniotic sac - the inner cell mass of the blastocyst also forms 2 cell layers that will become the ectoderm and the endoderm of the fetus; the fetus also forms a sac (amnion) that surrounds it and is filled with fluid; eventually the amnion and the chorion adhere and become one membrane, containing the fetus and amniotic fluid; the amniotic fluid contains cells sloughed from the fetus and fetal tissues; these cells can be gathered and analyzed by means of an amniocentesis

4.  placenta - the 2 umbilical arteries (exit the fetus) deliver fetal blood (low in oxygen) to the placenta for oxygen, carbon dioxide, nutrients, and waste exchange and the one umbilical vein returns to blood to the fetus; the maternal blood is delivered to spaces around the fetal tissue and picked back up by maternal veins; direct blood exchange between mother and fetus does not occur.  The placenta acts like lungs (gas exchange), GI tract (receives nutrients), kidney (waste disposal), liver (has a very high metabolic requirement, synthesizes a variety of enzymes for detoxifying the blood and multipurpose endocrine organ (secretes hormones important to the development of the fetus)

a.  human chorionic gonadotropin (HCG)- LH-like effects to maintain the corpus luteum and prevent immunologic rejection of the fetus; also has TSH-like effects

b.  chorionic somatomammotropin (HCS) - growth hormone-like and prolactin-like effects; HCS synergizes with maternal growth hormone to produce a diabetic effect in the mother which provides a higher blood glucose level for use by the fetus

c.  sex hormones - when the corpus luteum regresses, the endometrium is maintained by production of high levels of estrogen and progesterone from the placenta and fetus; placenta is able to synthesize progesterone from maternal cholesterol; fetus is able to convert progesterone into androgens or estrogens

5.  labor/parturition - uterine contractions are stimulated by oxytocin and prostaglandins (produced by uterus); both appear to be required

6.  lactation - glandular alveoli in the breast secrete milk into a series of tubules that empty into a lactiferous duct, which drains at the nipple.  During pregnancy, high levels of estrogens stimulate the development of glandular alveoli and progesterone stimulates proliferation of the tubules and ducts.  These actions also require the presence of adequate insulin, cortisol and thyroid hormone.  Prolactin (PL is produced by anterior pituitary) is required for production of milk proteins.  During pregnancy, PL-inhibiting hormone (hypothalamus) is stimulated by the high levels of estrogen (remember, estrogen is being made by the placenta) and successfully prevents PL action on the breast.  When the placenta separates from the maternal circulation at childbirth, the inhibitory effect of the estrogen is gone ( PIH is gone (  PL stimulates milk production in the primed breast tissue.  Neuroendocrine reflexes occur during nursing when the sensory input is received from the breast:

a.  prolactin - further secretion of PL (and future milk production) is stimulated by nursing

b.  oxytocin - release of stored oxytocin stimulates contraction of the lactiferous ducts and results in "milk let-down" 

c.  gonadotropin releasing hormone - inhibition of GnRH secretion from the hypothalamus during frequent nursing inhibits LH and FSH secretion and can prevent ovulation
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