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I. Body water, osmosis and diffusion. 

1. MEMORIZE: either by % body weight  or Total body WATER

Total Body Water = 60% of body weight

Plasma = 5% of body weight
8.33% of total body WATER

Interstitial fluid =15% of body weight
25% of total body WATER

Intracellular fluid =  40% of Body Weight
66.66% of total body WATER (2/3)

2. If an ideally semipermeable membrane separates two solutions and Solution A has twice the osmolarity of Solution B, would water move toward Solution A or B?

Toward solution A. Remember that the concentration of water is LOWER in solution A (the solution with the highest solute concentration), and water will move down its concentration gradient.

3. A hypothetical capillary has 4 mm Hg of osmotic pressure and 6 mm Hg of hydrostatic pressure. The interstitial tissue surrounding this capillary has 2 mm Hg of osmotic pressure and 4 mm Hg of hydrostatic pressure. Which way would water move?

You can use the formula: Jv = LpA((P - (() where Lp is a constant(the hydraulic conductivity or water conductance) and A is the membrane surface area.  

Jv = LpA[(6-4) - (4-2)] = LpA(0), i.e. no net movement. 

Or you could reason it out by keeping two principles in mind:

a) hydrostatic pressure pushes water away. In our example, the pressure pushes water away from the vessel or away from the interstitium.

b) osmotic pressure keeps water. In our example, osmotic pressure keeps water in the interstitium or the vessel.





In    = 8mm Hg


(
4 hydro

(
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4 osmotic

(
6 hydrostatic

In – Out = 0


(capillary lumen)





 Because the force that pushes water away from the capillary to the interstitium (2 units hydrostatic) is equal to the force that pushes water into the capillary (2 units osmotic), there is no net movement of water.

4. The transmembrane concentration difference is identical for two solutes X and Y.  Solute X has a higher lipid solubility.  Which ion’s flux rate is lower?

Solute Y.  Recall Jsolute = Ds(sd[S]/dx where (s is the membrane solubility of that ion.  For a solute to go through a membrane it needs to be soluble in the membrane (which is made of hydrocarbons).  No solubility, no pure diffusion!  Now we know that a charged ion like Na+  or  K+  is not lipid soluble at all.  So how do they move across membranes?  Via facilitated diffusion, which occurs via membrane-bound proteins that “solubilize” the ions, allowing them to get across the membrane without having to dissolve in lipid.  

II. Membrane Potentials 

5. When are the voltages (membrane potentials) calculated by the Nernst and Goldman equations the same and when are they different? (Tutor may need to introduce the idea that under standard conditions RT/zF ln can be converted to: 61/z log )

Nernst:  
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, where z is the ionic charge.
Goldman:   
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(Note that the values of Cl- inside and outside are reversed relative to Na+ and K+!)

From the equations you can see:

· Nernst equation describes a situation for one ion only.  Therefore, the voltage calculated by both equations would be the same if the membrane is permeable to only one ion.  For a situation where there is more than one ion, the voltage would also be the same if the equilibrium potential of those ions are the same.

· The voltage would be different when the membrane allows more than one ion to pass through and the equilibrium potentials for these ions are different from one another.
6. What are the differences between equilibrium potential and a RMP?

An equilibrium potential (Nernst Potential) is defined as the voltage at which the driving force for the movement of an ion across a membrane is 0.  Another way to think of this would be the voltage which must be applied across a membrane to exactly oppose the movement of an ion due to the diffusional force on the ion.  

The Resting Membrane Potential however describes the steady state, non-equilibrium potentials that may develop across a membrane as a result of the diffusion of ions down their concentration gradients.  It takes into account more than one ion (as opposed to the Nernst Potential) and additionally takes into account the relative “permeability’s” of the major ions moving across excitable cell membranes.  The RMP will be nearest to the Nernst potential of the most permeant ion

7. Describe two situations where the RMP (resting membrane potential) is zero.

When the membrane is not permeable to any ion.

When the equilibrium potentials of all ions are equal and opposite, and their permeabilities are equivalent

8. Calculate the equilibrium potential of Cl- if [Cl-]o = 50 mM and [CI-]i = 5 mM.

Use the Nernst Equation:

ECl- = 
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, where z = -1 since Cl- has a charge of -1.

ECl- = -61log(50/5)

= -61mV.

· You just derived the rule of thumb that it takes around 60mV to support a 10-fold concentration difference.

· Another way to do it is as follows: since the value of Z for Cl- is -1, the log ratio is inverted to correct for that

ECl- = (RT/zF)*ln([Cl]i/[Cl]o) = 

= (26.6)*ln(5/50)

=  -61mV.

8. A patient presents to you with both neurological and muscular disorders.  The lab plasma electrolyte values for this patient are all normal except for potassium, which is 2.5 mM (normal K+ is 5mM).  The resident you are working with doesn't think this abnormality is significant enough to cause the patient's problems, because "the patient's plasma [K+] is only 2.5 mM less than normal."  Could this reduction in plasma [K] affect nerve and muscle function?  Provide a QUANTITATIVE argument. (This appeared on the 1997 midterm.)

The easy way:  There is a change of -61mV for every 10-fold change in the concentration of [K]o..  In this case there is a 2-fold decrease in the concentration of K+ outside therefore there should be a decrease in the membrane potential of about -13 mV.  This would severely hyperpolarize the membrane leading to an inability of the neurons and muscle cells to fire and would lead to death as we can not tolerate this degree of hypokalemia in an acute situation.

The harder way: Calculate the Nernst at both 2.5mM and 5.0 mM assuming an intracellular concentration of 150mM.

Ek=61 log [K]o/[K]I     For 5.0 mM the Ek=-90 mV .  For 2.5 mM the Ek=-108 mV.  This is a difference of about 17 mV, a severe hyperpolarization of the membrane, which would lead to the aforementioned consequences.
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[image: image10.wmf]Given the following plot of Em vs. Im:

a) Estimate RMP (steady-state membrane potential) for this cell.  ANS: -20mV
b) To which ion is this membrane more permeable?  ANS: Y+
c) How can you tell?

 The dotted line is the sum of Y + X and Crosses Em (Voltage) axis at the point where current (Im)=0.  Zero current (-20mV) gives you the voltage at Em, which is calculated as 

Em= [(EK+)(GK+) + (ENa+)(GNa+)]
                  (GK+) + (GNa+).  

The slope of the lines is equivalent to the conductance (which is related to the permeability). 

10. If the membrane has conductance only to K+ and Cl-, and [K+]in=50mM, [K+]o=5mM, [Cl-]o= 150mM and [Cl-]in=15mM, then

    a) When will the membrane potential be -120 mV?

 Never. Although EK+ and ECl- are both -60 mV, the membrane potential will never be -120 mV because once the potential reaches  -60mV, both of these ions will be in equilibrium and there will be no net movement of ions. 

    b) If G[Cl-] >>> G[K+], what will the membrane potential be?

 Always -60 mV, since EK+ = ECl- . Note that the conductance here does not matter, since EK+=ECl-.

    c)When will the membrane potential be +60mV?

Never. K+ leaving the cell will make the interior less positive, not more positive. Cl- entering the cell will make it more negative. So you can count on the cell never having a positive potential (assuming no other ions come into play, of course).

III. Action potentials

11. Explain all the components of an AP (action potential).

   



          b      c

   a


   
  -70

       d
                  e


a)  electrotonic or graded potentials attempting to bring Em to threshold

b)  fast Na+ channels open followed by K+ channels.  Note that if K+ channels remained closed, then the magnitude of the AP would be larger

c)  Na+ channels are closed and K+ channels are open

d)  K+ conductance is so greatly increased that the resting potential is overshot 

e)  slow return to normal
Use the following Diagram for the next 2 Questions:
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13. At which labeled point on the action potential is K+ closest to being at electrochemical equilibrium? E

14. At which labeled point on the action potential are the fast gated Na+ channels fully open?  B
15. A drug completely blocks Na+ channels in nerves.  Which of the following effects on the action potential would it be expected to produce.

a)  block the occurrence of action potentials ( CORRECT!

b)  increase the rate of rise of the upstroke of the action potential

c)  shorten the absolute refractory period

d)  abolish the hyperpolarizing afterpotential

e)  Increase the Na+ equilibrium potential
16.  Why is the amplitude of every action potential the same?

An AP occurs when the stimulus is strong enough to reach threshold such that the fast Na+ channels are opened.  Because these are voltage sensitive channels they are both activated and inactivated at particular voltages and therefore the same amount of Na+ enters every time, giving the same amplitude.  Note that this is true under normal physiological conditions, and during some disease processes the amplitude may not be the same. 
17. True or False: during an AP, the concentration of extracellular sodium changes from around 150mM to 140mM.

False.  You only need a separation of 10-13 moles of charge for 100mV.  So the concept of sodium rushing in is a bit overstated. Thus the actual amounts of "fluxing" ions are miniscule compared to their total concentrations in outside the cell, and the actual concentrations don't change appreciably.

18. What will happen to the membrane potential if the permeabilities of both Na+ and K+ are simultaneously increased by 1 unit? (Assume PK=100 and PNa=1.)

The membrane will depolarize. If both conductances are increased by 1,  PNa will double, but PK will only increase by 1%. Thus, the membrane would move toward the Na+ equilibrium.

19. Compare and contrast the characteristics of an action potential (AP) vs. an electrotonic potential (EP).


Action Potential
Electrotonic Potential

Amplitude
Same for all 
Varies with intensity of stimulus

Duration of each potential
Same for all 
Varies depending on intrinsic properties of the receptor (e.g. rapidly and slowly adapting receptors) and the duration of the stimulus

Associated with a change in membrane conductance?
Yes (Fast Na+ channels open)
Yes (e.g. slow Na+ channels open or slow K+ channels close in the case of depolarization)

May hyperpolarize the membrane where the potential occurs?
No
Yes (synaptic potential may be IPSP or EPSP)

Additive
No
Yes

ADDITIONAL QUESTIONS: 

1.  Your patient is losing lots of blood. Which would you give IV - water alone or a solution with solutes which are impermeable to capillary membranes? 

The solution will be better as it will keep fluid in the vessels which is where you want it. Consider giving pure water—since interstitial fluid contains solutes, water would be driven out of the vessels into interstitial space due to its osmotic pressure and cause edema.  This would not benefit the patient who needs a fluid which will replace lost blood in vessels.  A good thing to do would be to give fluids with the same osmotic pressure (isotonic) as normal plasma.

2.  What is the voltage difference between any two points in the center of cell?

Zero.  The separation of charge occurs only in the membrane not within the cell.   Electrical neutrality is preserved inside the cell and outside the cell, but across the membrane there can exist a difference.
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3.  If line a-b is for a single ion x:

a. What is the significance of the slope?

The slope is equal to the conductance of the ion (G) because the slope is (I/(V

V=IR 

I/V=1/R (1/R=G) Therefore I/V=G
b. What is the significance of point c?

The x-intercept or point c is the equilibrium potential (Nernst) for this ion

c. Write an expression that would permit you to calculate the voltage at point c.

Ex=RT/zF ln [x]o/[x]i
d. Based upon the information in the graph what can you infer about the transmembrane distribution of this ion?

b/c Ex  is negative it indicates the ln [x]o/[x]I is also negative (assuming that x is a cation).  

Therefore [x]I >[x]o

4.  If we assume that line a-b is for more than one ion:

a. What is the significance of the slope?

The slope is still equal to the conductance however now it is the sum of the conductances of all permeable ions.

b. What is the significance of point c?

Point c is now the steady state potential or resting membrane potential.

c. Write an expression that would permit you to calculate the voltage at point c.


Em
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5.  Draw generator and action potential profiles for rapidly and slowly adapting receptors in response to a one second stimulus.

Rapidly Adapting
Slowly Adapting

6.  Explain how (1) an increase in axon diameter and (2) myelination can increase conduction velocity.  

This answer may be more detailed than required but is a complete picture in order to understand the concept properly.

A few main points to consider. ( is the distance, traveled along the axon, from the point of stimulation to where the voltage difference across the membrane has fallen to 37% of the original difference. 

a. In order to increase the speed of conductance you want to increase ( (space constant), because if you can decrease the number of times you need to regenerate the signal (at the nodes of Ranvier) then you can increase the speed.

b. 
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Rm is the Resistance of the Membrane

Ri is the internal resistance or resistance within the cytoplasm.

From this formula we can see that two ways to increase the space constant ( are to

· increase Rm and to 

· decrease Ri

c. If you myelinate the neuron (as is done in higher animals such as vertebrates) you increase the membrane resistance (Rm), decreasing the flow of charge through the membrane and thereby insulating the signal.

d. If you increase the diameter of the neuron (as is done in invertebrates) you decrease the resistance of the cytoplasm to the flow of charge (Ri) by increasing the area in which the charges may travel.

7.  Describe some of the ways in which synaptic transmission in the central nervous system is more complicated than that at the neuromuscular junction.

a. Central neurons receive connections from hundreds of other neurons whereas muscle fibers are innervated by only one motor nerve.

b. The synaptic connections may be excitatory (EPSP) or inhibitory (IPSP) (NMJ transmission is only excitatory EPSP)

c. The vast array of synapses contacting a postsynaptic neuron use a number of different chemical transmitters.  (All NMJ synapses use the same Neurotransmitter-Ach)

d. The result of transmitter-receptor interaction at a single excitatory synaptic site in the CNS is a small change in membrane potential, which is insufficient to bring the post-synaptic cell to threshold.  (Each neuromuscular synaptic potential invariably evokes a muscle action potential in normal muscle fibers)

8.  Discuss the five types of sensory receptors and what types of information they convey.

1)  Mechanoreceptors: mechanical deformation from touch, stretch, pressure, sound waves, etc.

2)  Chemoreceptors:  respond to chemicals in solution (i.e. concentrations)

3)  Thermoreceptors: temperature (there are separate receptors for warmth and cold)

4)  Photoreceptors: Respond to photons of light

5)  Nociceptors: Respond to pain

9.  Define signal transduction.

The transformation of energy (light, sound, mechanical, chemical, etc.) into electrical energy (i.e. the action potential) such that all stimuli may be coded into one type of signal comprehensible to the CNS.
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