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RENAL SYSTEM / LEC 5 

Multiple Functions of the Kidneys in Homeostasis 

Most people are familiar with one important function of the kidneys—to 

rid the body of waste materials that are either ingested or produced by 

metabolism. A second function that is especially critical is to control the 

volume and composition of the body fluids.  This regulatory function of 

the kidneys maintains the stable environment of the cells necessary for 

them to perform their various activities. The kidneys perform their most 

important functions by filtering the plasma and removing substances from 

the filtrate at variable rates, depending on the needs of the body. the 

kidneys serve multiple functions, including the following: 

1. Excretion of metabolic waste products and foreign chemicals 

2. Regulation of water and electrolyte balances 

3. Regulation of body fluid osmolality and electrolyte concentrations 

4. Regulation of arterial pressure 

5. Regulation of acid-base balance 

6. Secretion, metabolism, and excretion of hormones 

7. Gluconeogenesis 

 
Excretion of Metabolic Waste Products, Foreign Chemicals, Drugs, 

and Hormone Metabolites. 

The kidneys are the primary means for eliminating waste products of 

metabolism that are no longer needed by the body.These products include 

urea (from the metabolism of amino acids), creatinine (from muscle 

creatine), uric acid (from nucleic acids), end products of hemoglobin 

breakdown (such as bilirubin), and metabolites of various hormones.  
 

Regulation of Water and Electrolyte Balances.  

For maintenance of homeostasis, excretion of water and electrolytes must 

precisely match intake. If intake exceeds excretion, the amount of that 

substance in the body will increase. If intake is less than excretion, the 

amount of that substance in the body will decrease. In a sudden 10-fold 

increase in sodium intake from a low level of 30 mEq/day to a high level 

of 300 mEq/day.Within 2 to 3 days after raising the sodium intake, renal 

excretion also increases to about 300 mEq/day, so that a balance between 

intake and output is re-established. However, during the 2 to 3 days of 

renal adaptation to the high sodium intake, there is a modest 

accumulation of sodium that raises extracellular fluid volume slightly and 

triggers hormonal changes and other compensatory responses that signal 

the kidneys to increase their sodium excretion. 



 

 

Regulation of Arterial Pressure.  

As discussed in Chapter 19, the kidneys play a dominant role in long-

term regulation of arterial pressure by excreting variable amounts of 

sodium and water. The kidneys also contribute to short-term arterial 

pressure regulation by secreting vasoactive factors or substances, such as 

renin, that lead to the formation of vasoactive products (e.g., angiotensin 

II). 

 

Regulation of Acid-Base Balance.  
The kidneys contribute to acid-base regulation, along with the lungs and 

body fluid buffers, by excreting acids and by regulating the body fluid 

buffer stores. The kidneys are the only means of eliminating from the 

body certain types of acids, such as sulfuric acid and phosphoric acid, 

generated by the metabolism of proteins. 

 

Regulation of Erythrocyte Production.  
The kidneys secrete erythropoietin, which stimulates the production of 

red blood cells, as discussed in Chapter 32. One important stimulus for 

erythropoietin secretion by the kidneys is hypoxia. The kidneys normally 

account for almost all the erythropoietin secreted into the circulation. In 

people with severe kidney disease or who have had their kidneys 

removed and have been placed on hemodialysis, severe anemia develops 

as a result of decreased erythropoietin production. 

 

Regulation of 1,25–Dihydroxyvitamin D3 Production.  

The kidneys produce the active form of vitamin D, 1,25- 

dihydroxyvitamin D3 (calcitriol), by hydroxylating this vitamin at the 

“number 1” position. Calcitriol is essential for normal calcium deposition 

in bone and calcium reabsorption by the gastrointestinal tract.As 

discussed in Chapter 79, calcitriol plays an important role in calcium and 

phosphate regulation. 

 

Glucose Synthesis.  
The kidneys synthesize glucose from amino acids and other precursors 

during prolonged fasting, a process referred to as gluconeogenesis. The 

kidneys’ capacity to add glucose to the blood during prolonged periods of 

fasting rivals that of the liver. 

 
 

 



 
 
 

Renal Blood Supply 

Blood flow to the two kidneys is normally about 22 per cent of the 

cardiac output, or 1100 ml/min. The renal artery enters the kidney 

through the hilum and then branches progressively to form the interlobar 

arteries, arcuate arteries, interlobular arteries (also called radial arteries) 

and afferent arterioles, which lead to the glomerular capillaries, where 

large amounts of fluid and solutes (except the plasma proteins) are 

filtered to begin urine formation .The distal ends of the capillaries of each 

glomerulus coalesce to form the efferent arteriole, which leads to a 

second capillary  network, the peritubular capillaries, that surrounds the 

renal tubules. The renal circulation is unique in that it has two capillary 

beds, the glomerular and peritubular capillaries.  

High hydrostatic pressure in the glomerular capillaries (about 60 mm Hg) 

causes rapid fluid filtration, whereas a much lower hydrostatic pressure in 

the peritubular capillaries (about 13 mm Hg) permits rapid fluid 

reabsorption. 

 
 

 

 

 

 

 

 

 

 



 

 

 
 

 

 

 



  

Urine Formation Results from Glomerular Filtration, Tubular 

Reabsorption, and Tubular Secretion  

The rates at which different substances are excreted in the urine represent 

the sum of three renal processes : (1) glomerular filtration, (2) 

reabsorption of substances from the renal tubules into the blood, and (3) 

secretion of substances from the blood into the renal tubules.  

Urine formation begins when a large amount of fluid that is virtually free 

of protein is filtered from the glomerular capillaries into Bowman’s 

capsule. Most substances in the plasma, except for proteins, are freely 

filtered, so that their concentration in the glomerular filtrate in Bowman’s 

capsule is almost the same as in the plasma. As filtered fluid leaves 

Bowman’s capsule and passes through the tubules, it is modified by 

reabsorption of water and specific solutes back into the blood or by 

secretion of other substances from the peritubular capillaries into the 

tubules. 

 

Filtration, Reabsorption, and Secretion of Different Substances 

In general, tubular reabsorption is quantitatively more important than 

tubular secretion in the formation of urine, but secretion plays an 

important role in determining the amounts of potassium and hydrogen 

ions and a few other substances that are excreted in the urine. Most 

substances that must be cleared from the blood, especially the end 

products of metabolism such as urea, creatinine, uric acid, and urates, are 

poorly reabsorbed and are therefore excreted in large amounts in the 

urine. Certain foreign substances and drugs are also poorly reabsorbed 

but, in addition, are secreted from the blood into the tubules, so that their 

excretion rates are high. Conversely, electrolytes, such as sodium ions, 

chloride ions, and bicarbonate ions, are highly reabsorbed, so that only 

small amounts appear in the urine. Certain nutritional substances, such as 

amino acids and glucose, are completely reabsorbed from the tubules and 

do not appear in the urine even though large amounts are filtered by the 

glomerular capillaries an increase in glomerular filtration rate (GFR) of 

only 10 per cent (from 180 to 198 L/day) would raise urine volume 13-

fold (from 1.5 to 19.5 L/day) if tubular reabsorption remained constant. 

 

 

 

 

 

 

 

 



Why Are Large Amounts of Solutes Filtered and Then Reabsorbed 

by the Kidneys?  
One might question the wisdom of filtering such large amounts of water 

and solutes and then reabsorbing most of these substances. One 

advantage of a high GFR is that it allows the kidneys to rapidly remove 

waste products from the body that depend primarily on glomerular 

filtration for their excretion. Most waste products are poorly reabsorbed 

by the tubules and, therefore, depend on a high GFR for effective removal 

from the body. A second advantage of a high GFR is that it allows all the 

body fluids to be filtered and processed by the kidney many times each 

day. Because the entire plasma volume is only about 3 liters, whereas the 

GFR is about 180 L/day, the entire plasma can be filtered and processed 

about 60 times each day.This high GFR allows the kidneys to precisely 

and rapidly control the volume and composition of the body fluids. 

 

Sympathetic Nervous System Activation Decreases GFR 

Essentially all the blood vessels of the kidneys, including the afferent and 

the efferent arterioles, are richly innervated by sympathetic nerve fibers. 

Strong activation of the renal sympathetic nerves can constrict the renal 

arterioles and decrease renal blood flow and GFR. The renal sympathetic 

nerves seem to be most important in reducing GFR during severe, acute 

disturbances lasting for a few minutes to a few hours, such as those 

elicited by the defense reaction, brain ischemia, or severe hemorrhage. In 

the healthy resting person, sympathetic tone appears to have little 

influence on renal blood flow. 

 

 
 

 


