Lecture Notes

Anatomical Terminology
· Anatomical position: frame of reference for dissection and description
· Anatomical Planes
· Transverse plane (top and bottom)
· Frontal plane (front and back)
· Midsagittal plane(left and right)

· Directional terms:
· Superior – towards head
· Inferior – towards feet
· Proximal – closer to trunk
· Distal – away from trunk
· Medial – towards midline
· Lateral – away from midline
· Anterior – towards front of body
· Posterior – towards back of body
· Deep – below the surface
· Superficial – near the surface

· Appendicular region: arms and legs
· Axial region: head, neck and trunk

Body Cavities
· Dorsal cavity
· Ventral cavity
· Abdominopelvic cavity

 Physiology is the study of how the body functions

Two ways of explaining event that happen in the body:
· Teleological approach (why)
· Mechanistic approach (how) *use this in physiology

Human body is organized into six levels:
· Chemical level:
· Atoms (O2, C, H, N)
· Molecules (proteins, fats, CHOs, and nucleic acids)
· Cellular level:
· Each cell has a specialized function
· Ex; kidney cells eliminate CO2 and waste
· Tissue level:
· Cells of similar  structure and function combine to form tissues
· 4 primary tissue types:
· 1. Muscle tissue (cells that contract and generate force)
· 2. Nervous tissue (cells that transmit electrical impulses)
· 3. Epithelial tissue (cells that exchange materials between the cells and its environment)
· 4. Connective tissue (connects, supports, and anchors various body parts)
· Organ level: 
· Consists of two or more types of tissue
· Organized to perform a certain function
· Ex; stomach
· Epithelial tissue
· Smooth muscle tissue
· Nervous tissue
· Connective tissue
· Body system level:
· 11 systems
· Collection of organs that perform related functions
· Ex; digestive system
· Organism level
· Consists of various body systems structurally and functionally linked.

Homeostasis
· Maintains a relatively stable internal environment
· Dynamic equilibrium 

Homeostatic Control Systems
In order to maintain homeostasis, control systems must be able to:
· Detect things that are out of the norm
· Integrate this information
· Adjust factor to restore to its desired value

1. Negative feedback system:
· Opposes initial change
· Components:
· Sensor
· Control center
· Effector 
2. Positive feedback system:
· Amplifies an initial change
· Physiological changes lead to even greater changes in the same direction
· Rapid

Muscle
· Largest group of tissues in the body
· 3 types of muscle:
· Skeletal
· Cardial 
· Smooth (hollow organs and tubes)
· Classified into voluntary and involuntary muscle, and striated and un-striated muscle.

Functions of Muscle
· Locomotion 
· Stability
· Communication (face and talking)
· Body opening control (sphincters)
· Heat production (shivering)
· Store glucose

Every Muscle has:
· Origin: muscle attachment to bone at the head, more proximal (shoulder)
· Insertion: bony attachment at more mobile end, more distal
· Belly:  thicker middle region of muscle
· Prime Mover (agonist): produces most force
· Antagonist: produces opposite movements
· Synergistic muscles: work together to produce same movement

· Muscle has many muscle fibers (muscle cells) lying parallel to one another and held together by connective tissue
· Multinucleated
· Cylindrically shaped
· Extend entire length of muscle

Connective Tissue
*Many layers (types)
Fascia: 
· Thick-connective tissue around entire muscle
· Separates muscle and skin
Three types of connective tissue:
1. Epimysium: layer around entire muscle
2. Perimysium: surrounds a bundle of muscle fibers
3. Endomysium: 

Inside the muscle fiber:
· Myofibrils (cause muscle contraction)
· Sarcolemma (cell membrane)
· Mitochondria (between fibrils or under sarcolemma)
· T-tubules (continuous with sarcolemma)
· Sarcoplasmic reticulum
· Membrane network
· Calcium storage in terminal cisternae

Myosin is a component of thick filament protein molecule that resembles a golf club. Thick filament is made up of lots of myosin. Heads form cross bridges between thick and thin filaments.
Cross bridges have two sites critical to contractile process:
· An actin binding site
· A myosin ATPase (ATP splitting) site

Actin is the primary component of thin filament. It has the proteins troponin and tropomyosin, and a binding site for myosin cross bridge.

 Actin and Myosin don’t actually attract. They are also not unique to muscle cells, but are mostly found there.

Tropomyosin is thread-like molecules that lie along the actin spiral. It covers the actin sites blocking interaction that leads to muscle contraction, until it is appropriate to grab.

Troponin is made of three polypeptide units.
Sarcomere:
· Z-disc to z-disc
· Contractile unit
A-band:
· Dark band
· Thick filaments
I-band:
· light band
H-band:
· Zone

Sliding Filament Theory
Sarcomeres attract when thick filament forms a cross bridge with thin filament and pulls them towards the center of the sarcomere. Thousands of sarcomeres in a chain contract which causes the whole muscle to contract (concentric contraction). 
 Essentric contraction is when the muscle generates force but muscle gets longer.
Repeated cycles of cross bridging complete the shortening. At the end of one cross bridge cycle the link between myosin cross bridge and actin molecules breaks and returns to its original shape.

 When calcium binds with troponin, it changes its shape, which moves tropomyosin out of the way of the binding sites. This way binding sites are exposed and myosin can bind with actin.

Calcium comes from t-tubules:
· T-tubules run from surface of muscle cell membrane into central portions of the muscle fiber. 
· Action potential on surface membrane spreads down into t-tubule. This triggers release of calcium from sarcoplasmic reticulum into cytosol.
Sarcoplasmic reticulum is modified endoplasmic reticulum that consists of interconnected compartments that surround each myofibril. 
· Segments are wrapped around each a-band and each i-band
· Ends of segments expand to form sac-like regions – lateral sacs (terminal cisternae)

*Calcium Slide
*Cross bridge activity slide

Relaxation
· Depends on reuptake of calcium into sarcoplasmic reticulum
· AcH-ase breaks down AcH at neuromuscular junction
· Muscle fiber action potential
· Calcium moves back into sarcoplasmic reticulum

Changes in sarcomere during contraction:
· Z lines pull closer together
· Muscle shortens
· I bands get smaller
· Myosin heads pull closer together
· A band does not change

 For a muscle to contract, a nerve had to tell it to (neural impulse) aka action potential. Nerve impulses are electrical currents that pass along nerve fibers. Each motor nerve innervates mane muscle fibers and is called a motor unit.

*The all-or-none principle states: all the muscle fibers in that motor unit contract fully, or not at all.

Muscles need to be activated by a nerve in order to contract. The nerve activates the muscle.
Dendrites take in information/transmissions from other nerves.
From muscle cell body there is a long tube called the axon. This is where neurotransmitters run across. The axon branches into axon terminals, which connect the message to the next “thing” (muscle).
Myelin insulates the axon and allows for faster nerve conduction.
In the central nervous system, myelin = oligodendrocytes
In the peripheral nervous system, myelin = schwarm cells

Action potential: electrical signals that travel along the nerve.

Membrane Potential
· The electrical charge inside the cell is different than the electrical charge outside of the cell.
· This is caused by a difference in the relative number of cations and anions in the ICF and ECF.
· The ions responsible for producing the membrane potential are:
· Sodium
· Potassium
· Anions – large intracellular proteins

Resting membrane potential is caused by:
· Passive diffusion of Na and K across the plasma membrane (80%)
· Active transport via the Na and K ATPase (20%)

*More sodium outside of the cell than inside the cell but would like to flow inside cell. 
*If you want to push a positive out, you have to have a positive force to repel it.

· Cell membrane is 50-75x more permeable to K+, so it has a much larger influence on the membrane potential (Membrane rests at -70mV)
· K+ ions slowly leak down concentration gradient and out of cell
· Na+ continually leaks inward down its electrochemical gradient
· Na+ K+ pump balances this movement
· 3 Na+ are pumped out of cell and 2 K+ are pumped in.

 Excitable cells (nerves and muscle) have the ability to produce rapid and dramatic changes in their membrane potential. These changes serve as electrical signals.

Depolarization: membrane becomes less polarized (closer to 0)
Repolarization: returns to -70mV after being depolarized
Hyperpolarization: membrane gets BIGGER (-80mV)

Electrical Signals and Ion Movement
· Changes in membrane potential are caused by ion movement across the membrane
· Changes in ion movement are caused by changes in membrane permeability
· Water-soluble ions can cross membrane through specific channels
· Leak cannels: always open
· Gated channels:
· Voltage
· Chemical
· Mechanical
· Thermal
Action Potential: Brief, rapid, large (100mV) changes in membrane potential during which potential actually reserves.

Changes in Permeability and Ion Movement During an Action Potential
· Voltage gated channels in the membrane undergo conformational changes
· The flow of sodium ions into the ICF reverses the membrane potential from -70mV to +30mV
· The flow of potassium ions into the ECF restores the membrane potential into the resting state
 The first place action potential happens at is at the axon hillock and then gets propagated down the axon (aka the wave)
*Channels responsible for resting potential are always open, other channels open and close only when they feel a change in voltage.
As the action potential develops at one point in the plasma membrane, it regenerates an identical action potential at the next point in the membrane.
-90mV is the equilibrium potential for potassium (K+)
+60mV is the equilibrium potential for sodium (Na+)
-70mV is resting membrane potential

Leak channels = resting potential
Gated channels = action potential

Two kinds of Action Potential Propagation:
· Contiguous conduction
· Salutatory conduction

Saltatory Conduction
Between myelin gaps, the axon is exposed. Voltage-gated sodium channels are concentrated at these gaps (Nodes of Ravier). Action potential jumps from node to node. Myelinated nerves travel 50X faster than non-myelinated nerves. 

*After the action potential, the sodium-potassuim pump restores the concentration gradients and cleans up the mess.

When the action potential reaches the axon:
· Neurotransmitters are released which send the action potential to the next target.

Muscle Fiber Types
Motor unit: nerve that activates many muscle fibers.
The muscle fibers within a single motor unit are homogenous when compared on the basis of contractile and metabolic function. 
Two common ways to classify muscle fiber type:
1. Contractile (twitch) properties
a. Slow twitch
b. Fast twitch
2. Metabolic properties:
a. Oxidative
b. Glycolytic
c. Oxidative/glycolytic

*All muscles produce ATP aerobically and anaerobically but each type of muscle prefers one over the other.

 Oxidative phosphorylation is a series of steps where ATP is released as a by-product

3. The motor input to the muscle fiber
a. Slow twitch fibers are innervated by small –a2- neurons
· Slow conduction velocity
· Low activation threshold = activated at low work intensities
b. Fast twitch fibers are innervated by –a1- neurons
· High conduction velocity
· Low activation threshold = activated at high work intensities

4. The kind of ATPase enzyme on the myosin heads

Slow Twitch (Type 1)
· Slow contraction / relaxation
· Slow myosin isoform
· Slow to fatigue
· Low glycolytic / high oxidative capacity
· Red
Fast Twitch (Type 2)
· Fast concentration / relaxation
· Fast myosin isoforms
· High glycolytic / low oxidative capacity
· Fast fatiguing
· White

 Hybrid muscle fibers help “fill in the gaps”
· Express multiple myosin isoforms
· “Intermediate” types

Motor Unit Recruitment
More motor units = more force

· Type 1 and 1A recruited 1st (up to 50% mvC)
· Type 2B recruited last (after 50% mvC)
· At 100% mvC all available motor units recruited.
· This order is based on fatigue ability of motor units, not speed.
 “Characteristics of muscle fiber types” table 

Differences between muscles:
The percent of slow and fast twitch fibers that are found within any muscle is determined by the muscle specialized activity
· Muscles that maintain low intensity contractions for a long time have lots of slow twitch fibers. 
· Muscles that have rapid, forceful movements have lots of fast twitch fibers.

Typical Person:
· 50% slow twitch (type 1)
· 20%-25% fast twitch (type 2A)
· 20%-25% fast twitch (type 2B)
· 0%-10% hybrid fibers
 Type 2 A and B are inter-convertible 
· can train type 2B and turn it into type 2A
* Slow twitch and fast twitch are not inter-convertible

The Cardiovascular System
The heart is a muscular pump that forces blood through the blood vessels. Blood transports O2, nutrients, and waste products. Vessels deliver blood to everywhere in the body.

Heart
· Located in thorax and rests on the diaphragm. 
· Base – broad superior (top) boarder
· Apex – points down and left
· Protected by ribs
Precardial sac:
· Double membrane that surrounds the heart
· Anchors heart
· Fibrous pericardium
· Serous pericardium
· Parietal pericardium
· Visceral pericardium (epicardium)

Wall of the Heart
3 layers:
(From outside in)
· Epicardium = lubricated outer covering
· Myocardium = muscular contractions that eject blood
· Endocardium = protective inner lining

Heart Chambers and Valves
4 Chambers:
Right and Left Atrium 
· Receives blood from veins returning to heart
· Transfers blood to lower chambers
· Interatrial septum
· Thin myocardium
Right and Left Ventricles
· Force blood out of the heart and into arteries
· Interventricular septum
· Thick myocardium
Septum
· Separates right and left side of the heart
· Prevents mixture of blood (oxygenated and deoxygenated)
Pulmonary circulation – closed loop of vessels carrying blood between heart and lungs
System circulation – circuit of vessels carrying blood between heart and other body systems

Circuit of Blood Flow
The right atrium receives deoxygenated blood from inferior and superior vena cavas (Systemic circulation). Blood is then pumped through the right AV valve (tricuspid) into the right ventricle. This blood is pumped from the right ventricle, through the pulmonary valve, through the pulmonary artery, to the lungs. Lungs oxygenate the blood here, then the blood flows through pulmonary veins into the left atrium. Blood is pumped through left AV valve (bicuspid) (mitral) into the left ventricle. This oxygen rich blood is pumped from the left ventricle through the aorta, to body.
 Left side of heart receives blood from pulmonary circulation and pumps it to systemic circulation.

Pulmonary Trunk
· Beginning of pulmonary artery
· Divides to form right and left pulmonary arteries which lead to lungs

Pulmonary Vein
- 4 (2 left and 2 right)

The heard needs blood, too

· Cardiac veins drain blood that has passed through the capillaries of the myocardium
· Cardiac veins join the coronary sinus

Left Coronary artery:
· Anterior interventricular artery
· Supplies
· Septum
· Anterior walls of both ventricles
· Circumflex artery
· Supplies: Left atrium and ventricle
· Posterior side of left atrium
· Posterior side of left ventricle

Right Coronary Artery:
· Right marginal branch
· Supplies
· Right atrium and ventricle
· Posterior interventricular branch
· Supplies
· Posterior walls of ventricles
· Septum

Insintric Control

The heart generates its own electrical signal. It can beat by itself, without nervous stimulation. Contractile cells are 99% of the cardiac muscle cells that do mechanical work.

Auto rhythmic Cells
· 1% of the cardiac muscle cells that conduct action potentials
· Have no resting potential, instead “pacemaker potential”
· Membrane potential drifts (depolarizes) until threshold is reached and action potential results.
· Inside of cell is -60mV compared to the outside
· Always fluctuating without nerve impulse

The electric charge across the cell membrane is constantly changing due to the movement of K+, Na+ and Ca+ ions across the membrane. When the cycle starts the cell has a charge of -60mV. (Inside has a high concentration of K ions and outside has a high concentration of Na ions).

How do Action Potentials Occur in the Pacemaker Cells?
· To reach threshold, ion gates must open and let ions move from one side to another
· Constant slow influx of sodium
· Constant efflux of potassium but it decreases at negative potentials because potassium channels slowly close
 Initial phase of the slow depolarization is due to the decrease in the outward flux of potassium and the unchanging inward of sodium.
· Before threshold is reached, calcium channels open shortly leading to a brief influx of calcium and then threshold is reached.
· Once threshold is reached, calcium channels open
· Repolarization occurs as potassium leaks out of cell

Autoconduction System
Generates and distributes electrical impulses that stimulate the heart muscle to contract.
1. Sinoatrial Node (SA node)
· Specialized region in right atrial wall near opening of superior VC
· Pacemaker of the heart
· Faster pace
2. Atrioventricular Node (AV node)
· Small bundle of specialized cardial cells located at base of right atrium near septum
· Slower pace
3. Bundle of His (AV bundle)
· Cells originate at AV node and enters interventricular septum
4. Bundle branches
· The bundle of His divides to form right and left bundle branches that travel down the septum, curve round the tip of ventricular cambers, travel back toward atria along outer walls
5. Purkinje fibers
· Small, terminal fibers that extend from the bundle branches and spread throughout ventricular myocardium
· Transmit action potentials 6x faster than gap junctions do
· Do not reach ever cardiac cell, so gap junctions are responsible for some transmissions

Excitation of the Atria:
Starting at the AV node, the action potential travels:
AV node – bundle of His – bundle branches – Purkinje fibers

For efficient cardiac function:
1. Atrial contraction must be finished before ventricular contraction begins.
2. Each chamber should pump as a unit
3. Both atria need to pump at the same time, and both ventricles at the same time.

Regulation of Heart Rate

1. Insintric Control
· Hearts ability to control SV
· Autoconduction system
· Intrinsic heart beat (100-110bpm)
· As EDV increases, so does SV (more blood pumped into heart, more blood pumped out of heart)

2. Extrinsic Control
· Control of SV by factors outside of heart
· Parasympathetic Nervous System (Slows down HR)
· Sympathetic Nervous system (Speeds up HR)
· Endocrine system (Speeds up HR)
· Adrenal, medulla secretes catecholamines
· Norepinephrine and epinephrine increase hear rate prolonging (something)
· Secreted from adrenal glands, into blood and into heart
· Increase force of contraction

3. Electrocardiogram (ECG)
Parasympathetic Regulation of HR
Calcium ions slowly creep into the cell until it reaches threshold potential (depolarization). Then TONS of calcium rushes into the cell. This is the action potential. Then the calcium channels close, and potassium channels open. Repolarization occurs when potassium leaves the cell. 
At rest, parasympathetic nerves will release Acetylcholine (AcH). AcH binds to SA node receptors, and causes potassium channels to stay open longer, causing hyperpolarization. Since resting potential is farther, it takes longer to reach threshold potential, resulting in slower HR.

Sympathetic Regulation of HR
Sympathetic nerves release norepinephrine (NE), which binds to the SA node receptors. This speeds up the rate of depolarization, so threshold is reached faster causing more frequent action potentials. This is increased HR.

Measuring the Electrical Activity of the Heart
ECG: Electrocardiogram. Recording of the electrical changes that occur in the myocardium.
The ECG can diagnose abnormal:
· Heart rate
· Tachycardia (above 100bpm)
· Bradycardia (below 100bpm)
· Heart rhythm
· Ventricular fibrillation (chaotic contractions)
· Cardiac myopathies (damage to heart muscle)
· Myocardial infraction (heart attack)

Cardiac Cycle
· One complete sequence of contraction and relaxation of the heart
· During this, the pressure within the chambers rises and falls
Atria:
· When the atria are relaxed, blood flows through them
· When the atria contract (atrial systole), the pressure in the atria rises forcing blood into the ventricles
· This is followed by the atria relaxing (atrial diastole)

Summary:












Ventricles Summary:







Heart Sounds
“Lub Dub”
1st part: ventricular contraction (tricuspid and bicuspid valves close)
2nd part: ventricular relaxation (pulmonary and aortic semilunar valves close)
 THE CARDIAC CYCLE SLIDE

The Cardiac Cycle
· P-wave represents depolarization of the atria (about to contract)
· Contracts
· Ventricle gets all the blood its going to get
· Ventricle depolarizes
· Ventricle contracts
· AV valve snaps shut

Stroke Volume
· The volume of blood ejected from the ventricle with each beat
· At rest = about 70 ml
· SV = LVEDV – LVESV
· (What you being with) – (what your left with)

Ejection Fraction (EF)
· The proportion of the blood pumped out of the left ventricle at any given beat
· Reveals how much of the blood entering the ventricle is ejected during systole
· EF(%) = (SV/LVEDV) * 100

Cardiac Output (Q)
· Amount of blood ejected / pumped per min
· How well your heart works
· Measured in ml / min or L/ min
· Q = SV * HR (bpm)

Purpose of the Cardiac System
· To deliver oxygen to tissue
· To aloe tissues to eliminate waste
· Transport nutrients to tissue
· Thermoregulation 
· Maintains homeostasis

Cardiovascular Adjustments
1. An increase in cardiac output
2. Redistributes blood to where it has to go

Summary:
· Q = HR x SV (ml/min)
· HR
· Parasympathetic nerves (slow down)
· Sympathetic nerves (speed up)
· SV
· Intrinsic control (EDV increases, SV increases)
· Extrinsic control (increase heart activity, increase venous return)

Coronary Artery Disease
Vasospasms: uncontrollable contraction
[bookmark: _GoBack]Atherosclerosis: plaque builds up and narrows arteries, can cause clots.







