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Working with Data

What Kidney Characteristic Determines Urine Concentrating Ability?
(Textbook Figure 40.7)
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Introduction

In the 1950s, it was hypothesized that the loops of Henle in mammalian kidneys constituted a counter-current multiplier mechanism that was responsible for the ability of mammals to concentrate their urine. However, there was no evidence—how could this hypothesis be tested? Sometimes, nature provides experiments already done, and we just have to collect and analyze the data. Bodil Schmidt-Nielsen and Roberta O’Dell saw such an opportunity. They extended the counter-current multiplier hypothesis to make a prediction—the longer the loops of Henle, the greater the concentration gradient they could establish. There was a problem with their prediction, however. Mammals vary greatly in size, and so do their kidneys. Thus, a very small mammal could not have loops of Henle longer than a large mammal. Yet, many of the mammals that inhabit very dry environments are small. They refined their prediction to normalize for body size, and said that the “relative” lengths of the loops of Henle should correlate with ability to concentrate urine. Since the longest loops of Henle could only be as long as the renal medulla is thick, they conceived of a measure they called the relative medullary thickness, or RMT. The RMT was equal to the medullary thickness divided by the length  width  thickness of the entire kidney.

Another possibility existed, however. As shown in the figure above, not all loops of Henle extend to the tip of the medulla. There are short and long loops of Henle. Thus, could the concentrating ability of the kidney be a function of the proportion of the loops that are long? Schmidt-Nielsen and O’Dell selected a number of mammalian species that lived in habitats of differing aridity. They made many measurements on the kidneys of those animals and determined the maximum concentration of urine they could produce when water-deprived.

Original Paper
Schmidt-Nielsen, B and R. O’Dell. 1961. Structure and concentrating mechanism in the mammalian kidney. American Journal of Physiology 200: 1119–1124.
http://ajplegacy.physiology.org/cgi/content/abstract/200/6/1119
Analyze the Data

Some of Schmidt-Nielsen and O’Dell’s results are summarized below. Using the data from these nine species, construct bicoordinate graphs to answer the following questions.
	Animal
	Kidney size (mm)
	% long loops   of Henle
	RMT
	Freezing point depression (ºC)

	Beaver
	36.0
	0
	1.3
	0.96

	Cat
	24.0
	100
	4.8
	5.80

	Dog
	40.0
	100
	4.3
	4.85

	Jerboa
	4.5
	33
	9.3
	12.0

	Kangaroo rat
	5.9
	27
	8.5
	10.4

	Human
	64.0
	14
	3.0
	2.6

	Lab rat
	14.0
	28
	5.8
	4.85

	Pig
	66.0
	3
	1.6
	2.0

	Sand rat
	13.0
	100
	10.7
	9.2


Kidney size is the cube root of L  H  W. RMT is the thickness of the medulla  10/kidney size. Freezing point depression is how far below 0oC the urine freezes; the higher the number, the more concentrated the urine.

Question 1

Since larger animals have longer loops of Henle, are they able to concentrate their urine to a greater degree than smaller animals?

Question 2

If longer loops of Henle are critical for establishing the concentration gradient in the medulla of the kidney, are animals with a higher percentage of long loops of Henle more capable of producing concentrated urine?

Question 3

Is the length of the loops of Henle relative to overall kidney size predictive of ability to concentrate urine?
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