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                   12. The urinary system 

The kidneys are the major excretory organs of the body. The skin, liver, lungs, and intestines 

eliminate some waste products.  However, if the kidneys fail to function, these other excretory 

organs cannot adequately compensate. The kidneys perform the following functions: 

1. Excretion. The kidneys filter blood and produce a large volume of filtrate. Large molecules, 

such as proteins and blood cells remain in the blood, whereas smaller molecules and ions enter 

the filtrate. As the filtrate flows through the kidneys, it is slowly modified until it is converted 

into urine. This conversion requires the reabsorption of most of the filtrate volume back into the 

blood, along with useful molecules and ions. Metabolic wastes, toxic molecules, and excess ions 

remain in a small volume of filtrate. Additional waste products are secreted into the filtrate, 

eventually forming urine. 

2. Regulation of blood volume and pressure. The kidneys play a major role in controlling the 

extracellular fluid volume in the body by producing either a large volume of dilute urine or a 

small volume of concentrated urine, depending on the hydration level of the body. Consequently, 

the kidneys regulate blood volume and hence blood pressure. 

3. Regulation of the concentration of solutes in the blood. The kidneys help regulate the 

concentration of primarily the major ions Na
+
, Cl

−
, K

+
, Ca2

+
, HCO3 

−
 and HPO4 

2−
; they also 

regulate other solute concentration, such as urea. 

4. Regulation of extracellular fluid PH. The kidneys secrete variable amounts of H
+
 to help 

regulate the extracellular fluid acidity. 

5. Regulation of red blood cell synthesis. The kidneys secrete the hormone erythropoietin, 

which stimulates the synthesis of red blood cells in red bone marrow. 

6. Regulation of vitamin D synthesis. The kidneys play an important role in controlling blood 

levels of Ca2+ by activating vitamin D.  
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Generally the urinary system consists of two kidneys; two ureters, which carry urine from the 

kidneys to the urinary bladder; a single, midline urinary bladder and a single urethra, which 

carries urine from the bladder to the outside of the body.  The primary function of the kidney is 

regulation of body fluid composition. The kidney is the organ that sorts the substances from the 

blood for either removal in the urine or return to the blood. Substances that are waste products, 

toxins, and excess materials are permanently removed from the body, whereas other substances 

need to be preserved to maintain homeostasis. The structural components that perform this 

sorting are the nephrons, the functional units of the kidney. Each kidney contains approximately 

1 million nephrons. In the nephrons, with their associated blood vessels, urine is formed. Each 

nephron has two major portions: a renal corpuscle and a renal tubule. The renal corpuscle is the 

site of blood filtration in the nephron. 

Location and external Anatomy of the Kidneys 

The kidneys are bean-shaped, and each is about the size of a tightly clenched fist. They lie 

behind the peritoneum on the posterior abdominal wall on each side of the vertebral column near 

the lateral borders of the psoas major muscles. The kidneys extend from the level of the last 

thoracic (T12) to the third lumbar (L3) vertebrae and the rib cage partially protects them. The 

liver is superior to the right kidney, causing the right kidney to be slightly lower than the left. 

Each kidney measures about 11 cm long, 5 cm wide and 3 cm thick and weighs about 130 g. A 

renal capsule, a layer of fibrous connective tissue, surrounds each kidney. A thin layer of 

connective tissue, the renal fascia, surrounds the adipose tissue and helps anchor the kidneys and 

surrounding adipose tissue to the abdominal wall. This adipose tissue cushions the kidneys 

against mechanical shock.  

Internal Anatomy and Histology of the Kidneys 

The kidneys are organized into two major regions: an outer cortex and an inner medulla 

surrounding the renal sinus. The medulla is composed of cone shaped structures called renal 

pyramids. Medullary rays extend from the renal pyramids. 
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Urine Production 

Urine formation into three major processes 

1. Filtration occurs when blood pressure non-selectively forces water and other small molecules 

out of glomerular capillaries and into the Bowman capsule, forming a fluid called filtrate. 

Filtration is a nonspecific process whereby materials are separated based on size or charge. 



Mammalian Anatomy and Physiology by Anchiye .G   

 

 4 MAU, CNCS, Biology Department @ 2011. E.C 

 

2. Tubular reabsorption occurs when the nephron specifically returns water and some filtered 

substances to the blood. Most of the filtered water and useful solutes have been returned to the 

blood by the time the filtrate has been modified to urine, whereas the remaining waste or excess 

substances and a small amount of water form urine. For certain solutes, there is a higher 

concentration in the urine compared with the plasma.  

3. Tubular secretion occurs when the nephron cells transport solutes from the blood into the 

filtrate into the cortex.  Therefore, urine consists of substances filtered directly from the blood 

and secreted directly from the blood into the nephron, minus any reabsorbed substances. 

Regulation of urine Concentration and Volume 

Urine can be dilute or very concentrated, and it can be produced in large or small amounts. Urine 

concentration and volume are regulated by mechanisms that maintain the extracellular fluid 

osmolality and volume within narrow limits. If homeostasis requires the elimination of a large 

volume of dilute urine, the dilute filtrate can pass through the distal convoluted tubules and 

collecting ducts with little change in concentration. On the other hand, if water must be 

conserved to maintain homeostasis, water is reabsorbed from the filtrate as it passes through the 

distal convoluted tubules and collecting ducts. This results in a small volume of very 

concentrated urine. The regulation of urine concentration and volume involves hormonal 

mechanisms, described next, as well as autoregulation and the sympathetic nervous system. 

Anatomy and Histology of the Ureters and Urinary Bladder 

The ureters are tubes through which urine flows from the kidneys to the urinary bladder. The 

ureters extend inferiorly and medially from the renal pelvis at the renal hilum of each kidney to 

the urinary bladder, which stores urine. The urinary bladder is a hollow, muscular container that 

lies in the pelvic cavity just posterior to the symphysis pubis. The ureters enter on its poster 

lateral surface. In males, the urinary bladder is just anterior to the rectum; in females, it is just 

anterior to the vagina and inferior and anterior to the uterus. Its volume increases and decreases, 

depending on how much or how little urine is stored in it. The urethra, which transports urine to 

the outside of the body, exits the urinary bladder inferiorly and anteriorly.  Contraction of this 

smooth muscle forces urine out of the urinary bladder. 


