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-Today we are going to be talking about the mechanism of which our body gets the urine concentrated or diluted.
-When does our body need to concentrate the urine? 

In cases of dehydration (the body cannot afford to lose more water). Concentrating the urine helps to conserve the water in our body. 

Recall that the thick loop of henle & the early distal tubule are impermeable to water & are permeable to solutes (they contain active transport systems for sodium, potassium & other ions); & because these areas are impermeable to water & permeable to solutes, osmolality would reach about 70 mmol/litre.
-In order to concentrate urine, our kidneys need to reabsorb water. Reabsorbing water in the late parts of the nephrons (the distal tubule & the collecting duct) needs hormonal control (by ADH). Therefore the first requirement for concentrating urine is the presence of ADH. Without ADH, the person might excrete more water than he/she should making ADH ESSENTIAL for concentrating urine. Recall that ADH works through opening a water channel. Also, recall that ADH is one of the octapeptides we talked earlier about. Angiotensin II, & oxytocin are also octapeptides.
-For the water to move from the tubules to the outside towards the interstetium, there must be an osmotic gradient; meaning that the outside should be hyperosmolar compared to the tubules. If it wasn’t hyperosmolar (no osmotic gradient), the water will not move even in the presence of ADH. Therefore, the second essential requirement for concentrating urine & reabsorbing water is the hyperosmolarity of the medullary interstetium. 
-Now regarding the previous statement, how do we get the interstetium to become hyperosmolar? How do we get the solutes to go out to the interstetium? Which mechanisms does the kidney undergo to bring the solutes to the interstetium?

1) Active transports of sodium, potassium, chloride. 
2) Transport of sodium through the amiloride sensitive-channels.

3) Aldosterone-dependent sodium channels. 

What preserves hyperosmolarity? Urea. 

Urea adds to the hyperosmolairty. Recall that urea is recycled. Recall also that it is a protein metabolism byproduct, which means that without protein (in case of a person who lacks protein intake) the kidney will not be able to concentrate urine to the maximum concentration. Therefore, protein in the diet is ESSENTIAL for concentrating urine in the kidneys. 

-Now reabsorbing water in the medullary interstetium will cause the osmolarity of the interstetium to increase, & if it increased to a certain limit, reabsorption will stop. That is the reason we need to have a continuous wash-out system of which the reabsorbed water would be washed-out into the capillaries. There must be capillaries reabsorbing water & draining it to the venous system. What make these things possible are the different structures of the nephrons there. This feature is called the “differential reabsorption of water & ions in the loop of Henle”; as a part of the loop of Henle (the descending part) is permeable to water, whereas the ascending part of the loop is permeable to electrolytes. This mechanism, which is caused by the difference in the permeability of different parts of the loop of Henle is called “the counter-current” mechanism. 
What preserves this mechanism? What keeps it going? The special arrangement of the juxtamedullary nephrons (the vasa recta). The vasa recta is very important in the concentration of the urine (to maintain the hyperosmolarity). In the cortical nephrons, the ability to concentrate the urine is much less, as there the vasa recta there is absent; it is only present in the juxtamedullary nephrons. 
-How do we know whether the urine is concentrated or diluted? 

We calculate the “free water clearance”. Free water means with the absence of ions. 

Free water clearance= {Volume of urine – clearance of osmoles (how much osmoles has the plasma lost)} 

If the result of the calculation is positive (more water than the osmoles lost) then the urine is diluted. Take a look at the equation. If the result is positive it means that the plasma has not filtered a lot of “osmoles” or that the plasma has reabsorbed most of the filtered osmoles making the volume of the urine much bigger than the “clearance of osmoles”, & thus making the free water clearance a positive number. Urine is diluted in this case, as much more water than “osmoles” is present. 
Whereas if the free water clearance is negative, meaning that the plasma has filtered most of the “osmoles” with only some reasbsorption, then the urine is concentrated. 

-Recall that osmolality depends on sodium chloride. 

-Maximal concentrated urine: about 1200. You cannot go further than this. 
-Minimum diluted urine: 70-100.

-What’s a specific gravity? (It is the density of the urine: the density of water). 

It is an indication for the osmolality.

Effects of water: what happens if you drink 1 litre of water?

The osmolality of the extracellular fluid decreases inhibiting ADH. The inhibition of ADH will inhibit reabsorption of water, thus increasing urine volume. Also excretion of solutes will happen too because when water is filtered, there must be a small amount of solutes draining out with it. 
-Formation of diluted urine: Slide #5:
In the descending loop, the osmolality will keep increasing as we go down as the water will keep moving out. Thus when we reach the tip of the descending loop of Henle, we will have an osmolality of about 600. 
Now in the ascending loop of Henle, solutes will move out as it is permeable to solutes. In the thick ascending loop we have a positive transport mechanism for potassium & sodium causing those ions to move out, decreasing the osmolality. Here the active transport of sodium is sensitive to aldosterone, & could happen through amiloride sensitive-channels. The minimum osmolality will be around 50. In order for that to happen, the absence of ADH is required. In the absence of ADH, even if we have hyperosmolarity, no concentrating of urine will happen.
-Slide #6:

This is a linear relationship, meaning that as a measure/determinant of osmolality you can take the specific gravity. 

The picture shows an osmometer. This is a device of which a sample of urine is inserted to measure the osmolality of the sample.

-Slide #8: Formation of concentrated urine:

Recall that earlier in the lecture, the doctor has mentioned that the counter-current mechanism is for maintaining the osmolarity.

At the juxtaglomerular  nephron, the osmolality will be about 1200. Notice that that the osmolality in the interstetium there should also be about 1200. If it was otherwise, water will not be able to be reabsorbed. Notice that urea is reabsorbed in the collecting duct & enters at the ascending loop of Henle (where it is permeable to urea as urea is lipid-soluble) & then recycles. Urea is also important for the maintenance of the hyperosmolarity. 

 -Slide #9: 

Obligatory Urine Volume: This volume will always be excreted, no matter how dehydrated the body is. This is because there will always be some solutes, some toxins that the body should get rid of. In order to do that, the body should dissolve those solutes in water. The minimal volume that those solutes could be dissolved is the Obligatory Urine Volume.

In the example, 0.5 L of urine MUST be produced in order to get rid of the toxins & wastes. 

-Slide #10:

In this case the patient is unable to concentrate urine (maximum osmolarity is 300) & this person has to excrete 600 mOsm, causing him to excrete 2 L of urine as a minimal amount. This patient will have to drink more water than normal people, in order to replace the lost urine. 

-Slide #11:

Recall that urea is lipid-soluble, & that’s why its transport is a passive process. 

The most important factor is the transport of Na+, Cl- & K+. “Loop diuretics” can be used to control that. Recall this from last lecture. 

-Slide #12:

Recall that the thick ascending is known as “diluting segments” as it can active transport ions outside, making the urine more diluted. 

Also recall that the distal tubules along with the collecting tubules are ADH-sensitive, of which in the presence of ADH they become water-permeable. 
-Slide #13:

The countercurrent mechanism: 

1) Shows us that the osmolality was 300 at the beginning at the proximal tubule.

2) Reabsorption of solutes happens to keep the cycle going.
3) Reabsorption of water causing osmolality to increase at that end. 

4) The second round starts of which more solutes are reabsorbed causing the osmolality to decrease at that end.
5) Reabsorption of water keeps going.
The cycle keeps repeating until we reach an osmolality of 1200 at the tip of the loop.
This cycle won’t be maintained unless all the solutes reabsorbed are washed out. 

Check out this link for further explanation: http://www.youtube.com/watch?v=XbI8eY-BeXY
-Slide #14:

The doctor didn’t add any extra information.

-Slide #15:

The urea comes back from the medullary collecting duct & enters the loop of Henle, & so they recycle. The urea that is reabsorbed from the collecting duct is added to the interstetium maintaining the hyperosmolarity. 50% of the hyperosmolarity of the interstetium is due to the urea. So in cases of people who do not intake enough proteins in their diets, they will not be able to concentrate urea properly (only up to 50% of the normal maximal concentrations).
-Slide #18:

Vasa recta also has the countercurrent multiplier. 

& therefore, the vasa recta is also very important in maintaining the osmolarity. 

-Slide #19:

In the proximal tubules the osmolarity stays the same. Why? Because it is isotonic reabsorption.

In the loop of Henle: First part: descending; where the osmolarity increases. 

Second part: ascending, osmolarity decreases.

The higher limit in the graph is when ADH is present. The lower limit is when ADH is absent.

After the loop of Henle: those changes are due to the absorption of sodium, potassium, & due to the effects of aldosterone, & due to the absorption of water (at the very end). 
-Slides #20, 21, 22, 23:
No extra information was added. 
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