Intro


Disclaimer:
KNOW EVERYTHING

Cell Fizz

Set Point



Know Set Point Picture



Control System
Maintain a level of control and variables 




Sensor


Monitors Control Variables




Set Point

Mean Value of Normal Ranges







Can be reset by body (e.g. fever & body temperature)




Comparator

Compares Values Reported from Sensor to Set Point




Error Signal

Difference btw set point and sensor



Set Point can be reset


Body Fluid Compartments and Composition



Know Compartment Picture


Na determines the ECF Volume



ICF + ECF of K determines membrane potential



ECF contains increased Na + Cl and low K



ICF opposite

General Info



Fick’s Law


Formula for flux of diffusion


Simple Passive Diffusion

no energy req’d




Ex:
Uniporter (GLUT Family)



Facilitated Diffusion






Primary Active Transport

Uncoupled

Secondary Active Transport

Coupled



Antrport (e.g. 3 Na/2 K or Na/H)


ATP Binding Cassette (ABCs)



Allow for a wide range of toxins to be excluded from the brain




Ex:  Multi-Drug Resistant Protein 




Products: p-Glycoproteins = ABCs

Resting Membrane Potential
Membrane Potential is the potential of the interior of the cell measured relative to the exterior and denoted by Vm

Hyperpolarization
becomes more NEGATIVE
Depolariaztion

becomes more POSITIVE

Ionic Distribution Across Cell Membranes

Skeletal Muscle Fiber

Vm = -90 mV

	Ion
	Intracellular [ ] (mM)
	Extracellular [ ] (mM)

	Na
	12
	150

	K
	155
	5.5

	Cl
	4
	125

	Ca
	0.0001
	1.5

	Impermeant Anions
	~160
	Almost Nil


Motor Neuron


Vm = -70 mV

	Ion
	Intracellular [ ] (mM)
	Extracellular [ ] (mM)

	Na
	15
	150

	K
	150
	5.5

	Cl
	9
	125

	Ca
	0.0001
	1.5

	Impermeant Anions
	~155
	Almost Nil


Ion Permeability and Conductance


Permeability of uncharged solute = Flux / (Conc. Gradient)  


Permeability of charged solute    =  Flux / (EC Gradient) 

Conductance (γ) = Current / EC Gradient    in Siemens


***(+) charge going in is negative sign (hence (-) going in is positive sign)


When membrane potential = Equilibrium potential, there is no net flux of ion

	Equilibrium Potential
	Skeletal Muscle Fiber
	Motor Neuron


	ENa
	+65
	+62

	EK
	-95
	-88

	ECl
	-90
	-70

	ECa
	+129
	+129



Know the use for Nernst Equation and know concept behind it:




To turn concentration gradient into a voltage

Dependence of Membrane Potential on Log [K]O

Increase in Kout ( Depolarize


Equivalent Circuit Model of Cell Membrane


Channels are conductances


Concentration Gradients are batteries



Phospholipid Bilayer is Capacitor


Know membrane potential formula (plug & chug)


Water Transport Across Cell Membranes



Two driving forces:



1.
Hydrostatic Pressure




2.
Difference in Water Concentration (osmoles)



Flux Law




No real point here, but understand the two forces


Real Solutions v. Ideal Solutions




For Real Solutions,  you have to modify by added an osmotic coefficient (γ)



Tonicity v. Osmolality



Tonicity deals with water



Osmolality/Osmolarity deals with solute




Reflection Coefficient (σ) is how permeable membrane is




1
( 
Perfectly semi-permeable




0
(
Non-porous



Est of Plasma Osmolality




Osm = 2*[Na] + [Glc]/18 + [BUN]/2.8



Osmolar Gap




Discrepancy btw plasma osmolality because of other stuff in plasma (e.g. alcohol)


Colloid Osmotic Pressure




Osmotic Pressure by Macromolecule (also oncotic or protein pressure)



Oncotic opposes Hydrostatic (prevents edema)

Cell Volume, Body Fluids, Epithelia



Gibbs-Donnan




Cells tend to naturally swell to reach an equilibrium




In his example, the Cl wants to equilibriate, so it must take Na to balance charge




These are always electroneutral.



Cell Maintenance




Na/K prevents swelling because it pumps out 3 Na and only takes in 2 K




So, ischemia ( No Electron Transport Chain ( No ATP ( No Na/K pump ( swelling



Body Fluid Compartments




V = (Q-q)/C




Using indicator to determine size of fluid compartment



Indicators





TBW:
D2O, antipyrine





ECF:
inulin, mannitol



Starling’s Forces




Oncotic Pressure



Hydrostatic Pressure



Do the two problems in class




For a more detailed explanation, download the instructions

Action Potential



Characteristics




All-or-None



Change in cell membrane potential because membrane changes permeability




Briefly Positive ( more negative than at rest (hyperpolarized)



Propagates without decrement



Depolarization because of Na entering



Repolarization because of K exit



Channels




Look at old Biochem Notes (if still legible after burning)



Structure of Channels



Voltage-Gated

Ball and Chain



Threshold




Critical value of membrane potential at which action potential is evoked




English: Have to reach threshold to get an action potential



Refractory Periods of Neuron



Absolute
Second stimulus canNOT evoke second action potential



Refractory
Second Stimulus can evoke only a weak second action potential

What is the intracellular pH of a cell, assuming that H+ ions are at electrochemical equilibrium?

Info Given:

Vm
= -80

pHO 
= 7.4

RT/2F 
= 61.5/z
z
= 1 (# of valencies, so 1 for H)
@ equilibrium:    Vm = EH
Nernst Equation

EH =
R*T  log  [H]O

  2F
    [H]I
[H]O 
= 10-pH

= 10-7.4
So, plugging in for , EH, RT/2F and [H], we get:
-80
=  61.5 log 10-7.4


       [H]I

We Divide Both sides by 61.5 to get:

-1.3
= log 10-7.4
  
          [H]I

We raise both sides to the power of 10 to cancel out the log:

10-1.3
=  10-7.4
  
     [H]I

We rearrange to get:

[H]I 
= 10-7.4

     10-1.3
[H]I
= 3.98 x 10-8

   0.05

[H]I
= 7.96 x 10-7
Since pH = -log [H]I
pHI
= - log (7.96 x 10-7)


= 6.1
Hamrell’s Muscle Packet

Histo Review



You have to know the Muscle Pictures!!



Beginning stuff is just a Histo review, so read it.  There weren’t many questions on it.


Striated Muscle Mechanics


Isometric contraction



Extend Muscle length held constant



Develops force, but cannot shorten




At rest, there are no crossbridges with actin (TQ!!!)




Force is related to Length




Preload





Resting Force (because force prior to contraction)




(relate to hemo)





increase in preload ( increase in force and length



Stimulus applied





There will be a contraction





So Force will go up for certain amount of time and return to rest





Rise is force is related to Ca release (TQ!) (but no external shortening)




Since it is isometric, the length does not change, when the force increases



Length-active force relation



Peak active isometric force is greater at longer resting muscle length (i.e. higher preload)



Reason:
increase preload ( increase stretch ( increase actin/myosin crossbridges





Up to a point


Tetanus


Definition:
Repeated stimuli that fuse together because there is no chance for repolarization



Skeletal Muscle CAN be tetanized



Cardiac Muscle canNOT be tetanized



Frequency of Stimulation (From end of packet)




Increase frequency will lead to staircase (stepwise) fashion increase


Isotonic Contractions


Force is Constant


Occurs if muscle shortens while carrying a constant load


One end of muscle is not tied down


Steps:
1 Preload added and muscle stretched

2 Support put under

3 Afterload added (but does NOT stretch muscle any more)

4 Total load = Preload + Afterload

Once stimulated

1. Starts off as isometric

2. Muscle force = total load

3. Contraction becomes isotonic

Force-Velocity Relation


Summarize Graph on p21


Basic pts



Increased length ( increased force ( increased velocity




Vmax is NOT affected by load or length

Innervation

Definitions



Temporal
(
Faster Nerve Stimulatin



Spatial

(
Increase # of nerves firing


Cardiac Muscle


Only Nerves are autonomic, but they only MODULATE



Has internal innervation



Only Dependent on Ca (NOT skeletal muscle)
Ionotropic State

Level of contractility


Positive:
Increase Contractility


Negative:
Decrease Contractility



Affected by:




Reduced Oxygen




Anesthetics




Drugs




Reduced Sympathetic Stimulation




Decreased extracellular [Ca]

Will also Change Vmax

Hamrell’s Cardioelectrophysiology

Appearance of Cardiac Muscle


Have Intercalated Disks



Specialized areas with low electrical resistance (TQ!)



Similar to Gap Junctions (i.e. nexi)

Invaginations of Sarcolemma form blind end tubules that extend to the INTERIOR of the cell (TQ!)

Sarcoplasmic Reticulum (SR) Tubules end in terminal cisternae (TQ!)

No DIRECT connection between lumen of cistern with interstitial space of lumen of T-tubule (TQ)

Electric Response of Heart is ALL OR NONE (this does NOT mean each myocyte contracts maximally)

Heart behaves as functional syncitium (TQ!)

Flow of Electrical Activity

SA Node (  Atria ( AV Node ( Ventricular Conduction System ( Bundle of His ( Purkinje Fibers ( Left side of Ventricle ( Apical Subendocardium ( Rest of Ventricular Myocardium 
( Subepicardium ( Right and Left Bases
SA Node



Pacemaker

Atrial Muscle



AV Node



Conduction is slower than SA Node which ensure atrial contraction/relaxation BEFORE ventricles

Transmembrane Potentials


Resting Potentials



Cell is slightly negative inside (-80 to -90)

Action Potential



In Muscle Cells


Last longer than in a nerve (don’t worry about numbers)

Phases and Mechanisms of Ventricular Muscle Action Potential


Draw Picture on Board

Phase 0


Initial Rapid Depolarization (aka Upstroke) that goes from Negative to Positive



Occurs immediately after stimulus



Depends on Na concentration



Repeated action potentials do NOT increase internal [Na] because of Na/K pump



Peak of Phase 0



INa:
Decreases





As Cell becomes more positive, electrostatic force driving Na decreases





Na channels inactivate as cell reaches peak




IK:
Increases





Electrostatic force drives K out (because inside is so positive)




( initial start of repolarization (beginning of phase 1)


Peak Voltage




When there is NO current and NO voltage ( No Potential


Phase 1



Initial Repolarization after phase 0


INa:
Decreases




Due to Na channel inactivation



IK:
Increases




K continues going outward


Phase 2 (plateau phase)


Na:
Small contribution to plateau voltage


IK:
Decreases but not to 0




Movement outward decreases which inhibits repolarization


ICa
channels open because of change in K




Helps depolarization, so positive inward current (TQ)

Plateau is mostly explained by Ca moving inward and less K moving outward, coupled with a small contribution of Na/K exchange via Na/K pump


Importance of Plateau




Contributes to cell remaining refractory



Important for conduction to move cell to cell in forward direction

Ca-induced Ca release:
Ca that enter T-tubules will trigger release of Ca from terminal cisternae and subsarcolemma


Phase 3



Repolarization accelerates and K channels open

Phase 4



When membrane potential of ventricle equals resting potential
Electrical Activity OTHER than ventricular muscle

SA Node


Phase 0:
Carried by Ca, NOT Na (TQ!)



Phase 4: Slow Diastolic Depolarization (btw action potentials)



IF
Current produced by SA Node Na Channels




Positive inward depolarization





Gradually increases




IK
Decrease during phase 4



ICa
Channels open @ end of depolarization




Ca speeds up phase 4 and generates action potential

Atrial Muscle


No Diastolic Depolarization


Less of a plateau than ventricles



Similar Ionic basis to ventricles


AV Node


Less negative than SA Node


Slower phase 4 depolarization


Similar ionic basis to SA Node but less channels

Bundle of His and Purkinje Fibers


Long phase 4 depolarization (very slow)


Rapid Upstroke



Fast Phase 1



Long Phase 2 (plateau)



Slower than ventricles
Conductance velocity at different parts of heart

Increase amplitude of action potential = increase in voltage difference (based on [Na])

Effective Refractory Period (ERP)


When Na channels inactivate and there is no upstroke


Relative Refractory Period (RRP)



When action potential can be elicited, but large stimulus required to open Na channels

Parasympathetic v. Sympathetic

Parasympathetic:
ACh increases K conductances and hyperpolarizes




So slow phase 4


Sympathetic:

Norepinephrine increases all three currents in SA Node
Electrocardiogram

Provides information about 

Heart rate and rhythm
Pattern of electrical activity of atria and ventricle

Mass of tissue being activated

NOT heart function (TQ!)  (tells us electrical activity but not if heart is squeezing or not)


NOT action potential (TQ!)


ECG Waves



Vocabulary




Interval
Includes at least 1 wave




Segment
Includes NO waves



Waves



P Wave






Related to phase 0 of atria




PR Interval





Doesn’t show much because not much tissue (Bundle of His, etc.)




PQ Segment





Used as baseline when making measurements



QRS Interval





Ventricular Contraction





Q always negative





R always positive





S always negative




ST Segment





Same as plateau phase (phase 2) of ventricle




QT Interval





Changes with ionic composition in the body





Not as important




T Wave





Repolarization of ventricles





(so where is repolarization of atria? (TQ))


Lead Systems



Head of the mean vector always points towards the positive or non-depolarized part


Know the Triangle Method (which lead goes where)


Know the “Star” Method




Normal Axis is:
+105° to -30°




Point is to determine which way the depolarization of the heart is going




Hypertrophy of heart will change vector angle because of change in muscle mass


Know Flow of Electricity (mentioned above)

Last part of ventricle myocardium to depolarize is first to repolarize because action potentials in this area have a larger phase in myocardial than epicardial area

Memorize Normal Heart Beats and Abnormalities


(i.e. atrial fibrillation, heart blocks, etc, etc)


Re-entry


Draw one normal diagram v. abnormal



When heart is not working properly, the depolarization may go up the wrong “channel”



Relate to refractory period

