Practice problems for kidney equations:

(Please associate correct units with all the parameters and variables in these equations!!).

Amount Filtered – Amount Reabsorbed + Amount Secreted = Amount Excreted

net pressure favoring filtration = Glomerular Capillary Hydrostatic  Pressure (PGC) +Bowman’s Capsule Oncotic Pressure ( πBC)

net pressure opposing filtration = Bowman’s Capsule Hydrostatic Pressure (PBC) + Glomerular Oncotic Pressure (πGC)
Overall Glomerular filtration pressure = (PGC + πBC) –(PBC+πGC)

1) The overall glomerullar pressure in a patient equals 19 mm Hg. If PGC = 62 mm Hg and πGC = 30 mm Hg, what is the value of PBC? 

Because πBC ≈ 0
PBC = (PGC + πBC) - Overall Glomerular filtration pressure - πGC = 62 – 19 – 30 
PBC = 13 mm Hg
Filtered load of substance x = FLx = GFRxPx
2) Assume that GFR = 120 ml/min. 

-Estimate FLglucose for Pglucose values equal to 0.5, 1, 1.5, 2, 2.5, and 3 mg/ml, respectively. 

	FLglucose

mg/min
	120x0.5 = 60
	120
	180
	240
	300
	360

	Pglucose

mg/ml
	0.5
	1
	1.5
	2
	2.5
	3


-Construct a plot of FLglucose (in the y axis) against Pglucose (in the x axis)

This should be a straight line that goes through the origin and has a slope equal to 120 (ml/min)/(mg/ml).
Filtration fraction FF = GFR / Renal plasma flow

4) This question is from your book. Determine filtration fraction and the filtered load for sodium from the following information: renal BLOOD flow =1.25 L/minute, hematocrit = 40%, PNa = 140 mM, MW of sodium = 23, and GFR = 125 ml/min.

i) Estimating FF. You know that 40% of the volume in blood is cells (the hematocrit’s value), the rest (i.e. 60%) is plasma. Therefore 

renal plasma flow = renal blood flow x (1-0.4) = 0.6x1.25=0.75 L/min = 750 ml/min

and FF = 125/750 =0.17, ≈ 17%.
ii) FLNa = GFRxPNa. To estimate PNa in mg/ml we multiply 0.140 M/L by 23 grams/mole, which gives 32.2 g/L  or 32.2 mg/ml. Therefore FLNa = GFRxPNa = 125x32.2= 4025 mg/min. This is 4 g per minute!!
Clearance of substance x =Cx = Ux(dV/dt)/Px  (Ux=concentration of x in urine, dV/dt = rate of urine production Px=concentration of x in plasma)
5) Sulbenicillin is a broad spectrum antibiotic with a chemical formula similar to that of penicillin. A subject is infused with the substance to reach a value equal to 

Psulbenicillin = 0.035 mg/ml
The subject produces urine at a rate of 1.5 ml/min and the concentration of sulbenicillin in urine equals 5 mg/ml. 

-What is the clearance of sulbecillin?

Csulbecilin = Usulbecillin(dV/dt)/Psulbecilin = 5x1.5/0.035 = 235.7 ml/min
- If the subject has a total of 3 L of plasma, how long will it take to clear this volume of sulbenicillin?

3000 ml/235.7 ml/min = 12.7 min!!!

(In reality, the calculation is a bit more complicated but this calculation illustrates the point)

6) fluoxetin is the chemical name for prozac. 

-If the clearance of fluoxetin equals 3 ml/min. How many days will it take to clear fluoxetin from the plasma of a subject with a plasma volume equal to 3 L?

 3,000/3 = 1000 minutes = 16.6 hours
(again, the calculations are in reality a bit more complicated).

-The concentration of fluoxetin in the plasma of a subject equals 0.0003 mg/ml. Assuming that dV/dt = 1.5 ml/min, estimate Ufluoxetin.

Cfluoxetin = Ufluoxetin(dV/dt)/Pfluoxetin, 

therefore Ufluoxetin = Cfluoxetinx Pfluoxetin /(dV/dt) = 3x0.0003/1.5 =0.0006 mg/ml.
Excretion Rate also called excreted load = ELx = (dV/dt)xUx

 7) Use data from Question 6 to estimate the excreted load of sulbenicillin and fluotexin, respectively.

ELsulbecillin = 1.5x5 = 7.5 mg/min
ELfluoxetin = 1.5x0.0006 = 0.0009 mg/min
8) Use data from these problems to estimate the secreted and reabsorbed loads of sulbenicillin and fluotexin. Assume that GFR = 125 ml/min and that sulbenicillin is not reabsorbed and fluotexin is not secreted. 

Excretion = Filtration + secretion –reabsorption,  ELx = FLx +SLx-RLx
therefore if there is no reabsorption  

secretion rate or SLsulbecillin = ELsulbecillin - FLsulbecillin = 7.5 – 125x0.035 = 3.125 mg/min

(recall that FLx = GFRxPx)
And of course if there is no secretion

RLfluoxetine = FLfluoxetine-ELfluoxetine = 125X0.0003-0.0009 = 0.00366 mg/min
The clearance of PAH equals renal plasma flow RPF = CPAH = [(dV/dt)UPAH]/PPAH

Renal Blood Flow = RPF/(1-[hematocrit/100])

9) If Renal Plasma Flow equals 650 ml/min and hematocrit equals 45%, 

-what is the blood flow to the kidneys?

650/(1-0.45)=118.82 ml/min or ≈ 1.2 L/min.
-Assuming that cardiac output equals 5 L/min. What fraction of cardiac output flows to the kidneys?

1.2/5 = 0.24 or 24%.

