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Introduction
• The urinary system consists of two kidneys, two ureters, one 

urinary bladder, and one urethra (Figure 26.1). After the 
kidneys filter blood plasma, they return  most of the water and 
solutes to the bloodstream. The remaining water and solutes 
constitute urine, which passes through the ureters and is stored 
in the urinary bladder until it is excreted from the body 
through the urethra. 

• Nephrology is the scientific study of the anatomy, physiology, 
and pathology of the kidneys. 

• The branch of medicine that deals with the male and female 
urinary systems and the male reproductive system is called 
urology.

• A physician who specializes in this branch of medicine is 
called a urologist.



Figure 26.1 Organs of the urinary system in a female.
Which organs constitute the urinary system?
Urine formed by the kidneys passes first into the ureters, then  to the urinary 
bladder for storage, and finally through the urethra for elimination from the body





Overview of Kidney Functions

1. Kidneys regulate blood volume and composition; help 
regulate blood pressure, pH, and glucose levels; 
produce two hormones (calcitriol and erythropoietin); 
and excrete wastes in urine.

2. Ureters transport urine from kidneys to urinary 
bladder.

3. Urinary bladder stores urine and expels it into 
urethra. 

4. Urethra discharges urine from body.



Figure 26.3 
Internal 
anatomy of the 
kidneys.
The two main 
regions of the 
kidney are the 
superficial, light 
red region called 
the renal cortex 
and the deep, 
dark red region 
called the renal 
medulla.



Figure 26.5 The structure of nephrons and associated blood vessels. Note that 
the collecting duct and papillary duct are not part of a nephron.
→ Nephrons are the functional units of the kidneys.



Type of nephrons
There two types of nephrons

1- Cortical nephrons: About 80–85% of the nephrons. Their renal 
corpuscles lie in the outer portion of the renal cortex, and they have short 
nephron loops that lie mainly in the cortex and penetrate only into the 
outer region of the renal medulla (Figure 26.5b). The short nephron loops 
receive their blood supply from peritubular capillaries that arise from 
efferent arterioles. These nephrons play a major role in solute 
reabsorption and excretion

2- Juxtamedullary nephrons The other 15–20% of the nephrons. Their 
renal corpuscles lie deep in the cortex, close to the medulla, and they have 
a long nephron loop that extends into the deepest region of the medulla 
(Figure 26.5c). Long nephron loops receive their blood supply from 
peritubular capillaries and from the vasa recta that arise from efferent 
arterioles. Nephrons with long nephron loops enable the kidneys to 
excrete very dilute or very concentrated urine



CORTICAL NEPHRONS



JUXTAMEDULLARY NEPHRONS



Figure 26.7 Relationship of a nephron’s structure to its three basic functions: glomerular 
filtration, tubular reabsorption, and tubular secretion. Excreted substances remain in the urine 
and subsequently leave the body. 
Glomerular filtration occurs in the renal corpuscle. Tubular reabsorption and tubular secretion 
occur all along the renal tubule and collecting duct.



Glomerular Filtration Rate

• The amount of filtrate formed in all renal corpuscles 
of both kidneys each minute is the glomerular 
filtration rate (GFR).

• In adults, the GFR averages 125 mL/min in males 
and 105 mL/min in females. 

• Homeostasis of body fluids requires that the kidneys 
maintain a relatively constant GFR. 

• If the GFR is too high, needed substances may pass 
so quickly through the renal tubules that some are 
not reabsorbed and are lost in the urine. 

• If the GFR is too low, nearly all the filtrate may be 
reabsorbed and certain waste products may not be 
adequately excreted.



GLOMERULAR FILTRATION
Figure 26.8 The filtration membrane.
→ During glomerular filtration, water and solutes pass from blood 
plasma into the capsular space.







Figure 26.18 Formation 
of dilute urine. Numbers 
indicate osmolarity in 
milliosmoles per liter 
(mOsm/liter). Heavy 
brown lines in the 
ascending limb of the 
nephron loop and in the 
distal convoluted tubule 
indicate impermeability to 
water; heavy blue lines 
indicate the last part of the 
distal convoluted tubule 
and the collecting duct, 
which are impermeable to 
water in the absence of 
ADH; light blue areas 
around the nephron 
represent interstitial fluid.

→ When the ADH level is 
low, urine is dilute and 
has an osmolarity less 
than the osmolarity of 
blood.



Figure 26.19 
Mechanism of urine 
concentration in 
long-loop 
juxtamedullary 
nephrons.
The green line 
indicates the presence 
of Na–K–2Cl 
symporters that 
simultaneously 
reabsorb these ions 
into the interstitial 
fluid of the renal 
medulla; this portion 
of the nephron is also 
relatively
impermeable to water 
and urea. All 
concentrations are in 
milliosmoles per liter 
(mOsm/liter).
→ The formation of 
concentrated urine 
depends on high 
concentrations of 
solutes in interstitial 
fluid in the renal 
medulla.

Symporters are membrane proteins that move two or more substances in 

the same direction across a membrane. 

Antiporters move two or more substances in opposite directions across 

a membrane. Each type of transporter has an upper limit on how fast it 

can work, just as an escalator has a limit on how many people it can 

carry from one level to another in a given period.



Figure 26.20 
Summary of 
filtration, 
reabsorption, and 
secretion in the 
nephron and 
collecting duct.
Filtration occurs in 
the renal 
corpuscle; 
reabsorption 
occurs all along the 
renal tubule and 
collecting ducts.
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