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Goldman equation: [image: image3.wmf]÷
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Chord Conductance:          Em = EKGK + ENaGNa + EClGCl


GK + GNa + GCl
Electrochemical Potential: (
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K = RT ln [K]i  +  zFEm


   [K]o
Renal
Filtration fraction = GFR/RPF

GFR x Ps = Vu x Us
Clearance of S:  Cs = (Vu x Us)/ Ps

RPF x PPAH = Vu x UPAH

RBF = RPF/(1-HCT)

GFR = CCr = (Vu x UCr)/PCr
GFR x PCr = Vu x UCr = 2 g/day or 1.39 mg/min

PCr = 1.3/GFR

Typical Values for a 70 kg person:

TBW = 42L
ICF = 28L
ECF = 14L
Plasma = 3.5L
ISF = 10.5L

Ko = 4 meq/L
Ki = 150 meq/L
Na(o) = 140 meq/L (139-145)
Na(i) = 15 meq/L (10-20)


1. Draw cell voltage during an AP, including threshold. Also draw hypo/hyperkalemia's effect upon Em, and hypo/hypercalcemia on Et. (25/6)

Hypokalemia ( decreased Em, hyperpolarized


Hyperkalemia ( increased Em, depolarized


Hypocalcemia ( decreased threshold


Hypercalcemia ( increased threshold
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2. What nonpermeable negatively charged substance sits within cells? (25/8)

Negatively charged proteins

3. List the driving forces for the following transport pumps: Specify whether the driving force is electrical or chemical in origin. (25/11-13, 27/7)

a. Driving force for Na/K/2CI cotransport: ((Na + ((K + 2((Cl​
b. Driving force for Na/H exchanger: ((Na ‑ ((H
c. Driving force for Na/Ca exchanger: 3(
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Na ‑ (
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Ca
d. Driving force for Na/Glucose cotransporter: (
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Na + ((glucose.  

Note: (( is chemical energy only, while (
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implies an electrochemical gradient

4. Which ion exchanger plays a major role in cell pH regulation? (25/13, 26/4)
Na/H exchanger

5. Review the anatomy of an epithelial cell and the function of its generic features: basolateral vs. apical surfaces, tight vs. gap junctions, Na/K ATPase.  (28/2)


See illustration below

6. Draw a cell from a leaky epithelium and one from a tight epithelium. (28/4, 28/6)
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7. Never forget the equation: H+ + HCO3- ( H2CO3 ( H20 + CO2
Renal Physiology

8. Discuss the three major physiologic processes involved in urine formation. (29/8)

a. Glomerular Filtration: At the glomerulus l/5 of the plasma fluid is filtered from the glomerular capillaries into the renal tubule. The fluid (ultrafiltrate) is similar to plasma except that the cells and proteins are retained in the blood.

b. Tubular reabsorption: Net transport of a substance (solute or water) from the tubular fluid back into the peritubular capillaries.

c. Tubular secretion: Net transport of a substance from either the peritubular capillary or the tubular cell into the tubular fluid.
9. What determines the rate of excretion of any substance?

Rate of excretion = filtration ‑ reabsorption + secretion

Excretion is regulated to produce a balance between intake and loss through extrarenal routes. It helps maintain homeostasis.
10. What is clearance? What is the relationship between clearance and excretion? (29/10-11)

Urinary excretion of a substance is simply the mass amount of a substance excreted per unit time. It is usually expressed in mmol/min. Clearance expresses the efficiency with which the kidney removes a substance from the plasma. It is the volume of plasma that would have to be completely cleared of a substance per unit time to account for the mass of that substance appearing in the urine per unit time. It is usually expressed in mL/min.

11. How is creatinine handled by the kidney?  What mechanisms lead to its tubule fluid concentration being 100 times more than the plasma concentration? (29/12)

Creatinine is filtered at the glomerulus and not reabsorbed or secreted along the nephron (small amount of creatinine secreted in proximal tubule but we will ignore this). As water is reabsorbed along the nephron and creatinine is not, the tubular fluid concentration of creatinine rises. Ultimately, only 1% (this is a typical percentage, it can vary) of the filtered water remains in the tubule along with 100% of the filtered creatinine, therefore the creatinine concentration equals 100 times its original plasma concentration.  (100 is just an example it can actually vary greatly from 15 ‑ 100 ‑ 200 times the plasma concentration).

12. How is GFR measured? (29/10)

GFR is measured indirectly using a marker substance contained in the glomerular filtrate, which is excreted in the urine. The ideal substance is one that is freely filtered across the glomerular capillary and once having entered the renal tubule it is not reabsorbed or secreted. In other words, the amount of this substance excreted in the urine is equal to the amount of substance entering the renal tubule in the glomerular filtrate. Inulin has been used in research because it is nontoxic, easily measured, freely filtered, and not reabsorbed, secreted synthesized or metabolized by the kidney.  Creatinine is used clinically because it is freely filtered, and not reabsorbed or secreted to a large extent by the tubule, and is also an endogenous substance. 

GFR x Ps = Vu x Us 

Ps = Plasma conc. of substance S in the plasma (mg/ml)

Us =Urine conc. of substance S in the urine(mg/ml)+

Vu = Urine flow rate (ml/min)

Optional: Try your hand at filling out this ion pump chart. Don’t stress too much over it… it is just here to help you organize your transporters. Na/K ATPase is given as an example




Type of transport
Usual Direction
Driving force

conceptual
The driving force

more scientifically written:

electro…?
What is it good for?
Located Where?

Sensitivities?

Na/K
Primary active transport (ATPase)
3Na are pushed out of the cell, while 2 K are pulled in.

Both are moving against their gradient.
The splitting of ATP


electrogenic 

inside becomes negative
Primary producer of the Na and K gradient across the cell which is harnessed for a variety of  secondary transporters
In epithelia: the basolateral membrane.

Needs ATP, but is not the culprit when talking about cell death in hypoxia.

Na/H
counter-transport
Na almost always heads into a cell down its gradient, due to extensive buffering the pH is usually slightly lower in the cell, H is moving down its gradient as well.
Energy given off by the movement of  Na
((Na - ((H 

electro-neutral
Buffer inside of cell; Will acidify the Extra-cellular space.

Extracellular H20 volume: will bring fluid into the cell. Pump runs at a high rate at but is highly regulated.

Not great for shifting pH by great degrees.
In epithelia, the apical membrane. 

Will function to maintain extracellular fluid volume in the face of pH  changes

See fig 2 L28/4

In hypoxia, the (H will slide down its gradient, bringing lots of Na into cell, Since the NA/K ATPase is not working Na builds up and this causes the decreased efficiency of the Na/Ca exchanger. L28/6

Na/Cl
cotransport
Na almost always heads into a cell, down its gradient, bringing Cl ion with it. 
Energy given off  by the movement of Na
((Na + ((Ca

electro-neutral
?ask Cala?
Apical membrane of intermediate epithelia  of gut, and nephron. See fig 4A, L28/6

Na/K/2Cl
Secondary active Megaporter
All ions enter the cell.

K is moving against its gradient.
Energy given off  by the movement of Na
((Na + ((K + 2((Cl

electro-neutral
The large flux of ions drags water into the cell. This transporter deals primarily with osmolarity disturbances, not volume.
Is found in kidney, intestine and glial cells. 

Blocked by Lasix, in the ascending loop of Henle(Causing naturesis/diuresis.

Na/Glu or AA
Secondary active cotransport
Na and glucose enter the cell, in gut and kidney glucose is not immediately phosphorylated ( there is consequently a higher concentration of G within the cell.
Energy given off  by the movement of Na
(ũNa + ((Glu

Electrogenic, due to neutral glucose.
Efficient reabsorption of filtered glucose.
In the proximal convoluted tubule of the nephron. Glucose slides out the backdoor down its gradient. Can be over taxed.

See fig 3 L28/5

K/H
Secondary active counter-transport.
K out of the cell, H into the cell.

H comes off of buffers, so no pH gradient is generated.
Energy given of by movement of K
((K - ((H

Electroneutral
Compensation for flxns of extracellular K concentration, H20 volume within cells, buffers acidic conditions outside of cells.
In epithelia, the apical membrane.

Will function to maintain intracellular fluid volume in the face of pH changes.

K/Cl
Secondary active cotransport
K leaves the cell bringing Cl with it.
K gives off energy as it slides down its gradient
((K + ((Cl

electro-neutral
Compensation for low extracellular K concentration.
Sensitive to K out, and Cl in.



Na/Ca
Secondary active counter-transport
3 Na are swapped for one Ca+++, Na enters the cell, removing Ca against its gradient. 
energy given off by the movement of Na
3(ũNa-(ũCa

Electrogenic makes the inside less negative
Keeps intracellular Ca concentrations low, important because Ca is an important second messenger w/in cells.
This transporter is sensitive to hypoxia, since cells become acidic and Na rushes in to push H out, the Ca/Na exchanger gets backed up. L26/8

HC03/Cl
Passive counter-transport.
Either way depending on the extracellular vs. intracellular pH, or Bicarb concentrations

*Think of RBCs and CO2 uptake and delivery in the tissue and lung.
Driven by the intra-cellular HCO3-
((Cl - ((HCO3-

electro-neutral
Excellent buffer at pH 6.1, HC03 protects the body from acidic conditions.
In proximal tubule, reabsorption of Cl. HCO3- is recycled when in conjunction with Na/H

*RBCs allows rapid and large uptake of CO2.
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