BIO416L  Kidney Discussion Exercise:  Counter-current Multiplier Model  

The kidneys use a counter-current multiplier system in the loop of Henle to concentrate solutes and regulate water movement that will determine the osmolarity of excreted fluid. A high osmotic concentration is maintained in the interstitial fluid of the renal medulla, which surrounds the loop of Henle. This allows kidney tubule fluid to have a different osmolarity than body ECF osmolarity. As the loop of Henle descends into the medulla, water can move out, but solutes are not actively transported out.  The fluid in the descending limb of the loop of Henle therefore becomes hyperosmotic. In contrast, the epithelial cells in the ascending limb of the loop of Henle are impermeable to water and do actively transport solutes such as Na, K and Cl ions out. This allows dilution of the ascending limb fluid (urine moving to the distal tubule and collecting duct).  To understand this process better, this exercise provides a model of the countercurrent multiplier system. You will first work with a simplified model in Part I and then examine the more specific properties of the mammalian kidney in Part II. The exercise will be completed next week in discussion.  You may work together and seek assistance from any source for this assignment. As always, be sure you understand the material yourself, rather than just copying from someone else.

Part I: a model of a counter current multiplier.

In this section, you will examine a model counter current multiplier. Its properties are kept as simple as possible in order to simplify our discussion. This is not the exact counter current multiplier operating in the mammalian kidney, but rather a model of counter current multiplication that can be generalized to many physiological systems. 

The following assumptions are necessary to construct a simple counter current multiplier: 

1.The structure is a hairpin loop, with an ascending and descending limb, separated by a partition.            

2.The loop is initially filled with an isosmotic solution containing a solute at a concentration of 300 mosmoles/L.

3.The partition contains solute pumps that can pump solute (S) from the ascending limb to the descending limb to a maximum gradient of 200 mosmoles/L at any transverse segment. 

To generate an osmolarity gradient by the "single effect" model, a cycle of the following two steps is repeated several times: 

First step:  a concentration step in which the solute pump creates a 200 mosmoles/L water gradient at each transverse segment.

Second step:  a flow step in which tubular fluid courses through the loop. 

The model is called the "single effect" model because the osmolarity gradient is created by a series of the above two discrete steps (single effects).  By repeating these two steps, the dynamic process of counter current multiplication is achieved. 

Complete the chart on the next page.  Using the attached diagrams, create a functioning counter-current multiplier system by using the steps described above.  Start with isosmotic solutions of 300 mosmoles/L in each compartment.  Then go through the following steps: 

1. Move solutes from the ascending limb to the descending limb to create concentration gradients of 200 mosmoles/L in each horizontally adjoined compartment.

2. Create flow through the loop by moving each compartment one step forward along the loop.  Note that a new bolus of 300 mosmoles/L fluid will move into the upper compartment of the descending loop with each flow step.

Continue this process through several iterations to demonstrate how a concentration gradient can be established that will have much higher concentrations of fluids in the tip of the loop.  Then answer the questions that follow. 

Question 1: 

In order to allow the generation of an osmotic gradient, what should the water permeability of the partition be? Explain briefly.

  A. Freely permeable to water

  B. Impermeable to water

Question 2:

In the loop of Henle, the solute pumped out of the ascending limb (AL) enters which of the following tissue compartments? Explain briefly. 

   A. The descending limb (DL) directly

   B. The collecting duct

C. The interstitium

Part II: The mammalian kidney loop of Henle.

In this section, you will use the understanding from Part I to apply it to consider the three nephron properties which most contribute to the establishment of the nephron's "tip osmolarity." Remember that in the kidney between the descending and ascending limbs, there is interstitial fluid (shown below) and the vasa recta with plasma flow in the opposite direction as in the loop (not shown, but see text Fig. 19-10). 

Consider how osmolarities in the kidney compare with your model from part 1.  Fill in the boxes in the nephron tubule drawing below with normal human physiological values. 


[image: image1.wmf]
Tip osmolarity is the osmolarity at the point where the descending and ascending limbs of the loop of Henle meet. 

The three variables that most affect tip osmolarity are … 

    1.the strength of the ascending thick limb's active transport pump

    2.the flow rate of tubular fluid through the nephron 

    3.the length of the loop of Henle. 

1. The pump strength of the active transporter in the ascending limb of the loop of Henle can alter tip osmolarity. "Loop" diuretics, extensively used in medicine to reduce edema (the pathological accumulation of extracellular fluid), decrease salt reabsorption from the thick ascending limb of the loop of Henle. This means that the transport of the solutes, Na+ and Cl-, out of the ascending limb is reduced. (Hint: Using your model from part I, move solutes to a gradient that is only 100 mOsm with each step. This represents reduced pump strength.)

Question 3: 

After administration of a loop diuretic, osmolarity at the tip of the loop would be expected to: Explain briefly.

   A. Increase

   B. Remain essentially unchanged

   C. Decrease

2. The flow rate of tubular fluid through the loop of Henle can affect tip osmolarity. Using your model, you can demonstrate a relationship between the flow rate of tubular fluid through the loop and the generation of a medullary interstitial osmolarity gradient by moving fluid through the loop faster. Notice this accomplishes the same result as reducing the transport strength. 

Question 4: 

Which of the following maneuvers might be expected to increase osmolarity at the tip of the loop of Henle? Explain briefly.

    A. Moderate reduction in GFR (e.g. by partial clamping of the renal artery). 

    B. Producing a moderate osmotic diuresis  (e.g. by infusing mannitol or as a result of glucosuria in uncontrolled diabetes mellitus).

3. Finally, there is also a relationship between the length of the loop of Henle and the generation of a medullary interstitial osmolarity gradient.  How do you expect tip osmolarity to vary as a function of loop length? 

Question 5: 

A species of small rodents lives in a canyon that contains a large river providing a well-watered environment for plants and animals. Over geologic time, the river dries up and the canyon becomes very arid. Natural selection favors individuals that have greater water conservation ability and the rodent species evolves over time. What one conspicuous change would you anticipate in the kidney morphology of these rodents that would allow them to conserve water and continue to survive in the drier environment? Explain briefly.

    A. Glomeruli become strikingly enlarged. 

    B.  Loop of Henle becomes considerably lengthened.

    C.  Loop of Henle disappears.

4. Vasopressin (ADH) greatly influences the concentration of urine by changing the character of collecting duct epithelial cell membrane.  The osmolarity of key regions of the medulla in  which the collecting duct passes is important for the functioning of the collecting duct to create dilute or concentrated urine.

Question 6: 

The bottom table suggests that the effect of ADH on water conservation is to: 

    A. Stimulate solute secretion into tubular fluid in the collecting duct. 

    B. Increase water permeability of the collecting duct allowing water flow out of the collecting duct along an osmotic gradient.

    C. Stimulate solute reabsorption from tubular fluid in the collecting duct.

	Osmolarity of…
	ADH Absent
	ADH Present

	tubular fluid at tip of loop of Henle
	1200 mOsm
	1200

	interstitial fluid surrounding the tip of loop of Henle
	1200
	1200

	collecting duct fluid at level of loop of Henle tip
	~100
	1200
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