1. The Internal Environment
Homeostasis:  stability in open systems despite changes in environment

Set-points:  various physical conditions that are maintained in the face of perturbations; via counteracting mechanisms

Fluid Compartments:  TBW(~40), ECF(~15), ICF(~25), interstitial fluid(~12), plasma(~3)

TBW: tritiated H2O

Plasma:  125I-albumin

ECF:  Inulin

Volume calculations?  Volume = quantity injected/concentration
2. Control of Cell Function

Specialization of cell functions in terms of regulating gene expression:


DNA structure, gene transcription, RNA procesing, translation, postranslational processing

Regulation of protein function via covalent modification:


Phosphorylation (kinase)/dephosphorylation (phosphatase)

Coordination of cellular activity with external/internal environments:


Paracrine (local) and autocrine


Hormones (insulin, FSH/LH); neurotransmitters (Ach, NE); eicosanoids (prostaglandins, thromboxanes, leukotrienes)

Membrane receptors, their interaction with G proteins and 2nd messenger signal transduction


Receptors:  specificity, saturation, affinity, competition, antagonist, agonist, down-regulation, up-regulation, supersensitivity


Plasma membrane/cytosol


G-protein coupled receptors, causes increase in cAMP

3. Membrane Transport

4. Resting Potential

Equilibrium potential:  potential difference generated between two compartments that are separated by a semipermeable membrane.

Equilibrium occurs when the electrostatic force on an ion just balances the chemical force on the ion due to its concentration gradient.

Predict how Ena and Ek would be altered by reduction of extracellular Na or an increase in extracellular K

Developing Ek:

Efflux of K leaves + on outer surface and – on inner surface

After enough K+ builds up on outer surface, the like charges repel further diffusion of K+

Separation of + and – across a membrane generates a potential difference 
(Ek)


With respect to the inside of the cell, Ek is negative ~90mV
If there is an increase in extracellular K, then it would take less efflux of K ions to get the Ek; therefore, Ek would be more positive.

If there is a decrease in extracellular Na, then more Na ions would efflux resulting in a more negative Ena.

Explain why the resting potential is closer to Ek than Ena.

Because the membrane contains many more non-gated K channles than non-gated Na channels, and cell membranes are much more permeable to K than Na, allowing K diffusion to dominate the resting potential.  
How to determine if E is + or – .  Ask, “What would the charge inside the cell have to be to oppose diffusion of an ion down its concentration gradient?”

Compare the chemical and electrostatic forces on K and Na at equilibrium and at the resting potential; 


At equilibrium:  -90mV for K; +63mV for Na


If the RP is -70 and the EP is -90, then driving force is +22 (outward)


If the RP is -70 and the EP is +63, then driving force is -133 (inward)


At the RP: RP – Ena >> RP - Ek

Define the “electrochemical driving force” on an ion.


Membrane potential minus the equilibrium potential


Indicates how far an ion is from equilibrium

Explain why the Na/K pump is electrogenic; discuss role in resting potential and recall when it is stimulated.

At the RP, net influx of Na, and net efflux of K

Prevents rundown of Na/K concentration gradients
Extrudes 3Na for every 2K, net efflux of one + charge

Does not produce RP, but maintains RP by keeping constant the cncentration gradients
Stimulated by rise in intracellular Na and inhibited by reduced ATP (hypoxia/ischemia) and cardiac glycosides (digitalis)

Explain why the resting potential is deploarized by hypoxia/ischemia and by hyperkalemia.

How is Ek altered (does it become more – or + if extracellular K is increased from 5mM to 10 mM?  Ek gets more positive
How is the RP affected by the increase in K outside?  RP gets more negative

5. Action Potentials

6. Neuromuscular Function

7. Autonomic Nervous System

8. Striated Muscle

9. Introduction to Cardiovascular Physiology


Describe the components of the cardio system focusing on their distinctive structure and function, and overall integration


Explain the basic concepts of homeostasis, negative feedback systems, and diffusion, and their applicability to the functioning of the cardio system.



Homeostasis is the maintenance of constant conditions in the internal environment, in spite of disturbing forces and is brought about by complex physiological regulatory mechanisms (i.e. maintain constant blood pressure)


Negative feedback is when effects produced are negative with respect to the initiating stimulus.  Control system. (if no negative feedback, may get hypertension)

Discuss the concept of diffusion and its application in single cell and multi-cellular organisms.



If the distance of diffusion to the center of the tissue is reduced (by capillaries) then the rate of diffusion increases; therefore, it is possible for a cell to be maitained by diffusion alone.



More complex organisms, the distance to the center increases; therefore, must develop a circulatory system


Describe the major divisions of the cardiovascular system, the structures comprising each system and unique properties of each structure.



Two major divisions are systemic and pulmonary.

Explain the concepts of blood volume and pressure distribution as well as mean circulatory pressure and the LaPlace theorem. 

10. Hemodynamics

11. Electrical Activity of the Heart

12. Heart:  Structure and Function

13. Electrocardiogram (Normal, Cardiac Arrythmias)

14. Cardiac Output and Venous Return

15. Regulation of Arterial Blood Pressure

16. Pressure and Flow in the Arterial and Venous System

Cardiac Output
-Quantity of blood pumped by either ventricle per minute

-Both outputs are usually equal

-Also equal to venous return 

-Venous return:  quantity of blood flowing from veins into right atrium per minute

-Normal value in young adults is 5-6 liters/minute

-Cardiac index corrects for body size:  (Cardiac output)/(Surface area)


-Normal value of cardiac index is 3.3 liters/minute/m2
Cardiac Output changes with different variables:


1.  Age:  rises to 4 at age 10, decreases to 2.4 at 80


2.  Posture:  



a.  decreases to 20% on standing




-blood pools in the legs



b.  increases 1 to 2 liters/minute with exercise



c.  redistribution of blood and pooling in extremeties leads to orthostatic 


hypotension unless compensatory mechanisms




-increase heart rate




-increased peripheral resistance




-increased filling pressure


3.  Metabolism and exercise: 



a.  Cardiac output is proportional to metabolism




-Metabolism increases with hyperthyroidism, fever, hyperthermia, 



hypothermia, etc.



b.  Cardiac output increases to 30 liters/minute with heavy exercise




-basis for increase is increases O2 consumption

Cardiac Output = heart rate x stroke volume

Stroke volume:  milliliters of blood per beat

-Preload is diastolic filling of ventricles



-Prime variables of diastolic filling are:




a. Distensibility (tamponade)




b. Filling pressure


-Systolic ejection



-Prime variables of systolic ejection are:




a. Contractility (inotropic state)




b. Arterial pressure (afterload)

How does cardiac output relate to blood pressure?


-Cardiac output is the product of heart rate and stroke volume


-The ejection fraction = (stroke volume)/(end diastolic volume)

-Blood pressure has two determinants:  



1.  Total peripheral resistance



2.  Ejection fraction

Modification of heart rate:


-temperature


-intrinsically determined by heart (conduction velocities limit)


-parasympathetics:



a.  Distributed to SA and AV nodes



b.  Stimulation releases Ach


c.  Slows heart beat by:




-decreasing the rate of the SA node




-decreases the excitability of AV junctional fibers (slows 




conduction)


-sympathetics:



a.  Distributed to SA and AV nodes and ventricular muscle



b.  Stimulation releases NE


c.  Chronotropic effect (increases heart rate) by:




-increasing rate of SA node firing




-increasing excitability in all parts of the heart



d.  Inotropic effect (increases strength)

Is increasing the heart rate the best way to increase cardiac output?


-Tachycardia:  high heart rate



-stroke volume decreases at high heart rates



-Diastole is longer than systole




-When the heart rate increases, diastole decreases, causing less 



filling of the ventricles





-diastasis is limited first, then rapid filling




-Therefore, lower stroke volume, lower cardiac output

Factors affecting stroke volume:  

1. Contractility

2.  Venous filling pressure

3.  Aortic pressure

4.  Diastolic compliance

Cardiac output increases with right atrial pressure

Regulation of cardiac output:


-Permissive role of the heart 

Permissive:  heart can pump me blood than itreceives (13-15 liters/minute, but only pumps 5 liters/minute)


-Therefore, the primary factor affecting how much blood the heart will pump is 
the venous return

To increase the permissive level:


1.  Athletic training



-hypertrophy up to 50%



-20 liters/minute


2.  Sympathetic stimulation:



-increases permissive level 100%



-increases heart rate (chronotrophic), strength of contraction (ionotropic)



-increase occurs rapidly before increase in venous return

Decreased permissive level with disease


-MI, valvular heart dz, myocarditis, congenital abnormalities


-may fall to 2-3 liters/minute for a few hours


-heart cannot handle the amount of blood flowing into the right atrium


-the heart thus fails to pump the amount of blood needed

Systemic filling pressure and cardiac output


-very important determinant of venous return


-if the quantity of blood filling the system is too small, blood will flow 


poorly from periphery to the heart

Systemic filling pressure:  degree of filling of systemic vessels; determined by stopping flow and redistributing blood so that pressure is equal throughout the system


-Normal value is 7 mmHg


-may double with increased blood volume

Increase pressure in the system, and the hydrostatic pressure increases.  This causes fluid loss to the interstitium and loss of blood volume.  

Systemic filling pressure decreases : heart effectiveness decreases (low venous return, not 




getting enough blood), cardiac output decreases

Systemic filling pressure increases due to increased blood volume : cardiac output increases, increased hydrostatic pressure until blood volume back to normal

Increase systemic filling pressure in response to sympathetic stimulation (sympathetics constrict vessels; therefore, increasing resistance which increases pressure; they also increase contractility which equals more cardiac output) : cardiac output increases, because contractility increases, and afterload increases?

Cardiac output and Exercise:

Requires a 5 to 6 times increase in cardiac output

Thought of exercise stimulates sympathetics


-increases heart rate


-increase strength of contraction



-increases permissive level of the heart from 12 to 15 liters/minute to 20 to 

25 liters/minute


-vessels constrict



-increases filling pressure to push extra blood toward the heart

Intense sympathetic stimulation (actual exercise)


-increase systemic filling pressure


-increases contractility


-dilation of resistance vessels increases venous return



-venous return exceeds normal

Frank Starling law of the heart:

a.  is the ability to pump all of the blood it receives

b.  is also called homeometric regulation

c.  is due to increased afterload

d.  only applies to the right side of the heart

e.  is when the heart maintains a constant output

Blood flow:

a.  is low at low pressures

b.  is inversely proportional to the fourth power of the radius

c.  is unaffected by resistance

d.  is greater at higher pressures

e.  occurs only when there is a pressure difference

The mean systemic filling pressure:

a.  is increased by hemorrhage

b.  is decreased by hemorrhage

The most efficient way to increase blood flow to exercising muscle is

a.  increase the diameter of the capillaries

b.  increase the number of capillaries open to flow

The greatest resistance to blood flow occurs in

a.  large arteries

b.  large veins

c.  arterioles?
d.  venules 

e.  small arteries

Right atrial pressure is decreased by:

a. increased blood volume

b.  increased large vessel tone throughout the body

c.  dilation of the arterioles?
d.  decreased ventricular contractility

e.  none of the above

Mean arterial pressure calculation?

An increased peripheral resistance will  _____I_______ systolic pressure, __N_______ diastolic pressure, and _____I________ mean arterial pressure.  (increase/decrease)

Cardiac output lecture highlights:

Cardiac output = heart rate x stroke volume


-Venous return roughly equals cardiac output; therefore, it is an important 
determinant

Permissive:  what the heart can do on its own (varying the atrial pressure and ventricular output) without changes to contractility or external input


-VIP: permissiveness is independent of contractility
Orthostatic hypotension:  if you can’t adjust to the 20% (1 liter) loss of cardiac output upon standing, then you may pass out


-Compensate: 1. increase heart rate  



           2.  increase peripheral resistance



           3.  which increases filling pressure

Two determinants of stroke volume:


1.  Diastolic filling:



a. distensibility



b. filling pressure


2.  Systolic ejection



a. arterial pressure



b. contractility

Stroke volume decreases at an increased heart rate


-because diastole gets shortened

Blood pressure = peripheral resistance x cardiac output


1.  Ejection fraction = (stroke volume) / (end diastolic volume)


2.  Total peripheral resistance

Parasympathetic ( Acetylcholine

Sympathetic ( Norepinephrine

Systemic filling pressure is a determinant of venous return
Hemorrhage:  decreases ventricular filling, decrease diastolic volume, decreases stroke volume

Sympathetic stimulation: decreases vascular capacity; therefore, increases ventricular filling pressure, increases end diastolic volume

Starling:  increase fibers, then increase diastolic volume


Pressure the heart can generate is higher


End diastolic volume increases, peak systolic volume increases


Greater stretch (preload) = greater contraction


-Relationship between volume and pressure generated


-The more the heart is distended (stretched) the greater it can contract


-As diastolic pressure is increased (greater filling) the more forcefully a heart can 
contract


-The heart pumps out what it receives

Mean circulatory pressure:  tendency of blood to return from the periphery back to the heart and respresents degree of filling of the systemic vessels

Increasing tension = LaPlace’s law

Regulation of Arterial Blood Pressure

Arterial blood pressure is one of the most important controlled variables in the cardiovascular system


-maintains adequate and constant arterial pressure


-controls blood flow to provide for the differing metabolic needs of tissues

May correct imbalances in the:


-Short term:  temporary imbalances corrected, due to acute stress, postural 
changes, hemorrhage



-adaptation of local blood vessels (autoregulation)




-stress relaxation:  smooth muscle will accommodate a volume (the 


expansion serves to decrease pressure)



-rapid autonomic response


-If blood pressure increases:



-medullary cardiovascular center:  dilates periperipheral vessels, decreases 

heart rate, decreases contractility, decreases cardiac output, decreases 


peripheral resistance


-If blood pressure decreases:



-medullary cardiovascular center:  constricts peripheral vessels, increases 


heart rate, increases contractility, increases cardiac output, increases 


peripheral resistance


-renin/Angiotensin II system:  vasoconstriction

-aldosterone mechanism:  controls Na+

-Long term:  changes in blood volume and extracellular fluid, microcirculation, 
renal mechanisms

Cardiovascular centers of the medulla


-Medulla oblongata



-dorsal reticular matter of medulla and lower pons



-Two divisions:  cardiac and vasomotor


Cardiac area:



-cardioinhibitory: vagal efferents decrease heart rate and atrial 



contractility



-cardiostimulatory: less certain role


Vasomotor area:



-vasoconstrictor: widespread vasoconstriction



-vasodilator: may inhibit vasoconstriction center



-pressor area: lateral and superior part of cardiovascular area; causes 


increased heart rate, contractility, and peripheral resistance



-depressor area: more medial; causes decreased heart rate, contractility 


and peripheral resistance


-Regulates arterial pressure by:



1.  cardiac output



2.  peripheral resistance



Flow = (Driving pressure) / (Resistance)




-Want pressure to be constant; therefore, regulate flow via 




resistance




-remember Pouiseille’s law, radius4 is a powerful control 




resistance

-Medullary centers stimulated by:



-higher centers



-sensors all over the body

Arterial baroreceptors:

-aortic arch and internal carotids


-connected via vagal and glossopharyngeal nerves


-stretch generates action potentials in afferents 



-frequency is proportional to pressure change


-increased pressure = depressor area, decreases blood pressure


-heart rate and contractility decreased; vaso & venoconstrictor tone 


decreased

-decreased pressure/stretch = pressor area, increases blood pressure


-decreased afferent impulse activity; increased heart rate, contractility, and 

peripheral resistance


-receptors sensitive to rate of pressure change


-have primary influence on heart rate and contractility

-secondary influence on total vascular resistance


-vasoconstriction marked in mesenteric arteries


-venoconstriction in splanchnic bed


-responds more actively to decreased blood pressure (hypotension)


-may adapt and reset the set point (severe hypertension, exercise)

Cardiopulmonary reflexes

Atrial and caval receptors (thorax)


-low pressure mechanoreceptors in the walls of the great vessels, heart, and lungs



1. fire during atrial filling



2. fire during atrial systole



3. fire during both filling and systole


-tachycardia caused by increased filling of the atria

-Blood pressure/ renal effects



-cardiopulmonary receptors stimulated by increased blood volume (not 


pressure)



-bed rest, zero gravity increase




-decreases vasoconstriction, heart rate





-decreased sympathetic activity accompanied by decreased 




renin release from the kidney, decreased Na+ reabsorption 




from the renal tubules; and a decreased plasma volume 




(diuresis)







-Increased splanchnic venous capacitance



-decrease central blood volume




-head up tilt





-increases sympathetic vasoconstriction




-decreases splanchnic venous capacitance




-increases heart rate (pressor)





-increases renin release by kidneys





-increases Na+ reabsorption by kidney, antidiuresis





-blood volume returned to normal


-cardiopulmonary receptors act together with atrial baroreceptors




-both act through the cardiovascular and renal systems, can reset 



the set point

Ventricular receptors


-stimulated by strong stretch or strong contraction


-elicit bradycardia and vasodilation (depressor)
Pulmonary receptors


-Juxtapulmonary receptors (j-receptors)



-stimulated during severe exercise



-elicit reflex tachycardia, dyspnea (labored breathing)

Arterial chemoreceptors


-located in carotid and aortic bodies


-responds to low pO2, high pCO2, and decreased pH

-stimulates respiration, also O2 delivery to the brain and heart



-peripheral vasoconstriction


-increased arterial pressure
Extrinsic reflexes


1.  Pain



-mild pain increases aterial pressure, tachycardia


-severe pain causes hypotension and bradycardia

2.  Cold



-induces vasoconstriction and piloerection




-cold pressor test


3.  Somatic reflexes

Higher center influences


-CNS ischemic response


-Role of hypothalamus


-Defense reaction

Long term regulation of arterial blood pressure


-through changes in extracellular fluid and blood volume



-kidney!

Microcirculation and Lymphatics:

1.  Recall and explain the Starling equilibrium equation.  Draw a diagram to demonstrate how this equation can be used to determine the extravasation of fluid across a capillary wall.

2.  Describe the pressures that influence fluid movement across a capillary wall and explain why fluid moves out on the arterial end of a capillary and in on the venous end.

3.  Describe the meaning of nutritional capillary flow and shunt flow.

4.  Explain capillary recruitment.

5.  Describe the anatomy of the peripheral capillary wall.  How does this alter the ability of the capillary to filter fluids, small compounds, but retard movement of most proteins?

6.  Explain the ocncept of reflection coefficient.  How can this concept be used to explain the movement of proteins across a capillary wall?

7.  Explain how we can convert mOsm into mmHg.

8.  Explain osmotic pressure, oncotic pressure, and colloid osmotic pressure.

9.  Describe the Donnan effect.  How can this alter the movement across a semipermeable membrane?

10.  Explain the concept of negative tissue hydrostatic pressure.

11.  Explain how the lymphatic system functions to remove fluid and protein from the interstitial space.  How is this system altered in cancer and elephantiasis?

12.  Describe how the exchange of fluid and protein  across a capillary wall is altered in abnormal states.

13.  Explain how prolonged standing, increased venous pressure, and space travel can alter the interstitial fluid accumulation in tissues.

14.  Explain the difference between diffusion, filtration and pinocytosis.  What is the ratio of fluid movement across a capillary that can be contributed to diffusion vs. filtration?

15.  Compare and contrast the anatomy and physiology of the artery, arteriole, metarteriole, capillary, venule and vein.

1.  Describe the differences between arterial and venous blood flow sounds as heard.

2.  Describe the physiological effects that result in reactive hyperemia.

3. Explain why muscle compression augments venous flow.

4.  Explain why, during the rapid inflation of a blood pressure cuff placed around a normal limb, venous blood flow proximal to the cuff will be augmented and venous blood flow distal to the cuff will be decreased.

5.  Suggest how the Doppler could be used to diagnose arterial and venous disease.

1.  Explain tow different medical conditions that will increase capillary refill time.
2.  After being given a medical history, how would you determine which of several conditions resulted in decreased capillary refill time?

1.  Explain how you can measure compliance.

2.  Explain why central venous pressure is often reported in cm H2O.

3.  Explain the conversion of cm H2O to mmHg.

4.  Describe how central venous pressure is measured clinically and problems associated with this procedure.

5.  List several medical conditions that could change central venous pressure.
