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 The kidney is the only organ of the body in which two capillary beds, in series, connect arteries with veins. This arrangement is important for maintaining a constant blood flow through and around the nephron despite fluctuations in systemic blood pressure. 

Now that we know the anatomy of the kidney and the nephron, let's look at how these parts allow the kidney to do its jobs. 

Regulating Blood Composition
Regulating the composition of the blood involves the following: 

· Keeping the concentrations of various ions and other important substances constant. 

· Keeping the volume of water in your body constant. 

· Removing wastes from your body. 

· Keeping the acid/base concentration of your blood constant. 

The kidney does this by a combination of three processes: 

· It filters 20 percent of the plasma and non-cell elements from the blood into the inside of the nephron (the lumen). 

· It reabsorbs the components that the body needs from the lumen back into the blood. 

· It secretes some unwanted components from the blood into the lumen of the nephron. 

Anything (fluid, ions, small molecules) that has not been reabsorbed from the lumen gets swept away to form the urine, which ultimately leaves the body. Through these processes, the blood is maintained with the proper composition, and excess or unwanted substances are removed from the blood into the urine. 

Kidney Processes
The kidneys regulate blood composition by three main processes: 

· Filtration 

· Reabsorption 

· Secretion 

In the nephron, approximately 20 percent of the blood gets filtered under pressure through the walls of the glomerular capillaries and Bowman's capsule. The filtrate is composed of water, ions (e.g. sodium, potassium, chloride), glucose and small proteins (less than 30,000 daltons -- a dalton is a unit of molecular weight). The rate of filtration is approximately 125 ml/min or 45 gallons (180 liters) each day. Considering that you have 7 to 8 liters of blood in your body, this means that your entire blood volume gets filtered approximately 20 to 25 times each day! Also, the amount of any substance that gets filtered is the product of the concentration of that substance in the blood and the rate of filtration. So the higher the concentration, the greater the amount filtered or the greater the filtration rate, the more substance gets filtered. 

This filtration process is much like the making of espresso or cappuccino. In a cappuccino machine, water is forced under pressure through a fine sieve containing ground coffee; the filtrate is the brewed coffee. The arrangement of the glomerular capillaries in series with the peritubular capillaries is important to maintain a constant pressure in the glomerular capillaries, and thus a constant rate of filtration, despite momentary fluctuations in blood pressure. Once the filtrate has entered the Bowman's capsule, it flows through the lumen of the nephron into the proximal tubule. 

Reabsorption
Once inside the lumen of the nephron, small molecules, such as ions, glucose and amino acids, get reabsorbed from the filtrate: 

· Specialized proteins called transporters are located on the membranes of the various cells of the nephron. 

· These transporters grab the small molecules from the filtrate as it flows by them. 

· Each transporter grabs only one or two types of molecules. For example, glucose is reabsorbed by a transporter that also grabs sodium. 

· Transporters are concentrated in different parts of the nephron. For example, most of the Na transporters are located in the proximal tubule, while fewer ones are spread out through other segments. 

· Some transporters require energy, usually in the form of adenosine triphosphate (active transport), while others do not (passive transport). 

· Water gets reabsorbed passively by osmosis in response to the buildup of reabsorbed Na in spaces between the cells that form the walls of the nephron. 

· Other molecules get reabsorbed passively when they are caught up in the flow of water (solvent drag). 

· Reabsorption of most substances is related to the reabsorption of Na, either directly, via sharing a transporter, or indirectly via solvent drag, which is set up by the reabsorption of Na. 

To give you an idea of the quantity of reabsorption across the nephron, let's look at the sodium ion (Na) as an example: 

· Proximal tubule - reabsorbs 65 percent of filtered Na. In addition, the proximal tubule passively reabsorbs about 2/3 of water and most other substances. 

· Loop of Henle - reabsorbs 25 percent of filtered Na. 

· Distal tubule - reabsorbs 8 percent of filtered Na. 

· Collecting duct - reabsorbs the remaining 2 percent only if the hormone aldosterone is present. 

Secretion
Some substances are secreted from the plasma into the lumen by the cells of the nephron. Examples of such substances are ammonia (NH3). As in reabsorption, there are transporters on the cells that can move these specific substances into the lumen. 

As you can see, the kidneys perform many functions that are important to your body: 

· Controlling the composition of your blood and eliminate wastes - filtration/reabsorption/secretion method. 

· Influencing blood pressure - renin secretion. 

· Helping to regulate your body's calcium - vitamin D activation.

Influencing Blood Pressure:�The blood pressure in your body depends upon the following conditions: 


The force of contraction of the heart - related to how much the heart muscle gets stretched by the incoming blood. 


The degree to which the arteries and arterioles constrict - increases the resistance to blood flow, thus requiring a higher blood pressure. 


The circulating blood volume - the higher the circulating blood volume, the more the heart muscle gets stretched by the incoming blood. 


The kidney influences blood pressure by: Causing the arteries and veins to constrict. 


Increasing the circulating blood volume.








