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Fig. 1. Left: from left to right, the first sports drink bottle has the top cut off
for holding the red Swedish Fish. The second sports drink bottle is taped on top
of the red Swedish Fish cut bottle and filled with solution (bottle combo I). In
this case, the solution is 500 ml of green food dye colored water. This bottle
combo 1 represents the 1 liter of blood (1/2 liter of plasma) flow through the
kidney per minute. The third sports bottle complex was made by taking a bottle
combo 1 with 100 ml of green food dye colored water removed, representing
the 100 ml of plasma filtered per minute and 99 ml of clear water added back,
representing the 99 ml of water reabsorbed by the kidney per minute, and
mixed to show how the plasma concentration of green has been diluted. The
fourth bottle complex was made by taking a bottle combo 1 with 100 ml of
green food dye colored water removed, representing the 100 ml of plasma
filtered per minute, and, in this case, 99 ml of mineral oil were added back, to
illustrate the virtual volume that is cleared of green food coloring. Right: 1 ml
of dark green urine representing the 1 ml of water and the amount of green
food coloring that was in the 100 ml that were filtered.

to visualize. Once students see this visualization, they tend to
understand the concept much better.
Below is a sample of some student comments:

€ “Iwould’ve picked the incorrect food coloring, which is why
I liked this part of laboratory. It was sort of a trick question
that can be answered once you have a better understanding
of clearance.”

€ “The clearance section with the drops of food coloring and
the bottles helped me better understand the process of
clearance. It was helpful to actually see it in a model.”

€ “This activity was interesting. It put into perspective why
your urine color may look the way it does when certain
things are going on in her body.”

€ “Seeing how the plasma and red blood cells somewhat look
in the bottles to how they interact/look when clearance
occurs helps make a lot of sense to me. . . . I do see how you
can calculate that the glomerulus ‘cleared” 100 ml of plasma
per minute by seeing just how much of the colored vs. clear
liquid is present.”

€ “I enjoyed the food coloring because at first I thought I had
a good hold on the concept, but turns out I had everything
completely backward. This exercise really helped me see
what happens when the urine is more/less concentrated.”

The goal is to have the students understand that clearance is
a useful concept. Medication administration decisions and
doses from healthcare providers should be influenced and
adjusted based on whether clearance is low, high, or normal.
For example, if clearance is high, then medication dose or
frequency should increase based on the faster medication

clearance. In multiple cases in the intensive care unit, there
have been patients with increased renal clearance after trau-
matic injury. There is a need for therapeutic drug monitoring in
cases such as this to ensure patient safety and increase chances
for positive outcomes. However, one also has to consider the
effect of therapeutic intervention, with greater levels of fluids
being introduced to patients in those settings, as well as other
inflammatory and immune responses that would affect renal
clearance as well (2).

APPENDIX A: SOLUTIONS TO THE SCENARIOS IN FIG. 3

When solving the Truman the Tiger scenarios, the plasma with the
largest clear mineral oil is for the drug with the darkest green urine,
since all of that volume of plasma had the green filtered into the tubule
and come out in the urine. The plasma with no mineral oil is for the
drug with the clear (ungreen) urine, since none of the green made it to
the urine. Redbud is the drug with no net reabsorption or secretion, as
it has 100 ml of clearance, the same as creatinine or inulin. Maple and
Oak have less clear oil, so they have less clearance than normal, which
means, if the same amount were filtered, then both Maple and Oak
would have net reabsorption. In contrast, Sycamore has more clear oil,
so it has a greater clearance than normal, which means that, in
addition to excretion of the amount of Sycamore that was filtered,
there was also net secretion of Sycamore. If a drug is completely
reabsorbed, then none is excreted, so none is cleared, and that would
be the sample for Maple, which has no oil.

When solving the scenario of the four patients taking the same
drug, the plasma with the largest clear mineral oil is from the patient
with the darkest green urine, since all of that volume of plasma had the
green filtered into the tubule and come out in the urine. The plasma
with no mineral oil is from the patient with the clear (ungreen) urine,
since none of the green made it to the urine. The patient who has the
darkest green urine is clearing the most and needs to take the most

Fig. 2. Four bottles (fop) representing the 500 ml of plasma with different
clearances of plasma to be matched with the four different 1-ml urine samples
produced per minute (bottom). These can be used in the two scenarios (see Fig.
3). In scenario 1, the bottles represent the different clearances for a different
green drug on each of 4 days by the same person. In scenario 2, the bottles
represent the different clearances for 4 different patients taking the same drug.
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Scenario one

Consider that Truman the Tiger has a creatine clearance of 100 mis/minute. Truman’s
clearance of the drug mapleis 0 mlis/minute, of the drug oak is 50 mis/minute, of the drug
redbud is 100 mls/minute and of the drug sycamore is 300 mis/minute. Amazingly, all four
compounds are in the blood at the same concentration and all 4 are green in color. We
have the 4 blood bottles with the virtual clearance. The red is the amount of blood; the
greenis the amount of plasma with the green drug and the clear solution is the amount
cleared. The smallnumbered tubes are the urine samples, with different amounts of the
green drugs.

Match the bottle with the urine sample.

Which Truman drug(s) has no net reabsorption or secretione Which Truman drug(s) has net
reabsorptione Which Truman drug(s) has net secretione Which Truman drug(s) is
completely reabsorbed?

Scenario two

Now consider 4 patients all taking the same drug, which is also green in color. The only way
this drug is eliminated is by excretion in the kidney (it is not metabolized and is not lost in the
feces, sweat, breath or saliva). The patients are Gertrude Glomerulus, Daisy Convoluted,
Henry Loop, and Priscilla Convoluted (no relation to Daisy!). Use the same bottles but now
they represent different patients and tell us which patient has the highest clearance of the
drug and which the lowest.

Which patient then needs to take the most amount of drug? The least amount?2
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Fig. 3. The two scenarios.

amount of drug. The patient who has the clearest urine is clearing the
least and needs to take the least amount of drug.
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