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Functions of the Urinary System
Regulate plasma ionic composition
Regulate plasma volume (BP)
Regulate plasma osmolarity
Regulate plasma pH
Remove metabolic waste products (ammonia, 
bilirubin etc.) and foreign substances (drugs and 
environmental toxins) from plasma
Secrete erythropoietin (EPO)
Secrete renin (RAAS--BP)
Activate vitamin D3 to calcitriol
Gluconeogenesis 2



Structures of the Urinary System
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Urinary System
Kidneys—form urine
Ureters—transport urine from 
kidneys to bladder
Bladder—store urine
Urethra—excrete urine from 
bladder to outside of body



Gross Anatomy of the Kidneys
Paired, bean shaped
Approximate size of fist, 115–170  g
Each kidney is about 11-12 cm long, 
5-6 cm width and 3-4 cm thickness
Retroperitoneal organs that are 
normally located between the 
transverse processes of T12-L2 
vertebrae
The kidneys are located in right and 
left of the spine and below the 
diaphragm
Left kidney typically somewhat 
more superior in position than the 
right (liver oppression)



Gross Anatomy of 
the Kidneys

The kidneys are surrounded
by three layers of tissue: 
1. The renal fascia (Gerota's fascia) is a thin, outer 

layer of fibrous connective tissue that surrounds 
each kidney (and the attached adrenal gland) and 
fastens it to surrounding structures

2. The adipose capsule is a middle layer of adipose 
(fat) tissue that cushions the kidneys

3. The renal capsule is an inner fibrous membrane
that prevents the entrance of infections, barrier 
against trauma, and maintains kidney shape 5



Anatomy of the Kidneys
Inside the kidney, three major 
regions: 

--The renal cortex borders the convex side
--The renal medulla lies adjacent to the renal 

cortex 
1. Renal pyramids (medullary pyramids): 

8-12 striated, cone-shaped regions
2. Renal papillae: peaks, face inward
3. Renal columns: unstriated regions 

between the renal pyramids
--The renal sinus is a cavity that lies adjacent to the renal medulla

1. Renal hilus: ureter, nerves, and blood and lymphatic vessels enter the 
kidney on the concave surface through the renal hilus

2. Renal pelvis: a funnel-shaped structure that merges with the ureter
3. Renal calyx: a cavity that between the renal papillae and renal pelvis



Anatomy of the Kidneys

Each pyramid (urine formed by nephron) papillary ducts of the papilla
minor calyx major calyx renal pelvis ureter urinary bladder

Parenchyma (functional portion) of kidney = Renal cortex 
+ Renal pyramids of medulla
Nephron – microscopic functional units of kidney



Anatomy of the Kidneys
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Blood Supply of the Kidneys
Renal arteries enter kidney at hilus, renal veins exit at hilus
Although kidneys constitute < 0.5% of body weight, receive 
20-25% of cardiac output at rest (1200 ml/min)

--Renal cortex (>90% blood), renal medulla (<10% blood)
--Utilize 16% of ATP usage by body
--Function is to filter blood

Branches into segmental, interlobar, arcuate, interlobular 
arteries
Each nephron receives one afferent arteriole
Divides into glomerulus – capillary ball
Reunite to form efferent arteriole (unique)
Divide to form peritubular capillaries or some have vasa recta
Peritubular venule, interlobular, arcuate, interlobar vein and 
renal vein exits kidney 9



Nephron Blood Supply
Functions of different 
capillary beds
--Glomerular capillaries 

where filtration of blood 
occurs

Vasoconstriction & 
vasodilation of afferent & 
efferent arterioles produce 
large changes in renal 
filtration

--Peritubular capillaries that 
carry away reabsorbed 
substances from filtrate

--Vasa recta supplies nutrients 
to medulla without disrupting 
its osmolarity form

The nerve supply to the kidney: the 
renal plexus (sympathetic division of 
ANS) 
Sympathetic vasomotor nerves regulate 
blood flow & renal resistance by 
altering arterioles





Nephron
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Each kidney has more than 
a million nephrons
2 parts
1. Renal corpuscle – filters blood plasma

--Glomerulus = capillary network filtration
--Glomerular (Bowman’s) capsule = double-walled 

cup surrounding glomerulus receives the 
filtrate and inflow to renal tubules

2. Renal tubule – filtered fluid passes into
--Proximal convoluted tubule
--Descending and ascending loop of Henle

(nephron loop)
--Distal convoluted tubule



Anatomy of the Nephron

Renal corpuscle and both 
convoluted tubules in cortex, 
loop of Henle extend into medulla
Distal convoluted tubule of 
several nephrons empty into 
single collecting duct



Number of Nephrons
Remains constant from birth
--Any increase in size of kidney is size increase 

of individual nephrons, but not in number 
If injured, no replacement occurs
Dysfunction is not evident until function 
declines by 25% of normal (other nephrons 
handle the extra work)
Removal of one kidney causes enlargement
of the remaining until it can filter at 80% of 
normal rate of 2 kidneys
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Two Types of Nephron
Cortical nephrons – 80-85% of 
nephrons

--Renal corpuscle in outer portion 
of cortex and short loops of 
Henle extend only into outer 
region of medulla

Juxtamedullary nephrons –
other 25-20%

--Renal corpuscle deep in cortex 
and long loops of Henle extend 
deep into medulla

--Receive blood from peritubular 
capillaries and vasa recta

--Ascending limb has thick and 
thin regions

--Enable kidney to secrete very 
dilute or very concentrated urine

15



Cortical vs. Juxtamedullary Nephrons



Cortical vs. Juxtamedullary Nephrons

17



Histology of a Renal Corpuscle

Glomerular (Bowman’s) Capsule
--Visceral layer + capsular space + parietal layer
--The visceral (inner) layer consists of modified simple squamous epithelial 

cells called podocytes
--The parietal layer consists of simple squamous epithelium and forms the outer 

wall of the capsule
Fluid filtered from the glomerular capillaries enters the capsular space, the space 
between the two layers of the glomerular capsule



Histology of a Renal Tubule 
Proximal convoluted tubule cells have 
microvilli with brush border – increases 
surface area
Juxtaglomerular appraratus helps 
regulate blood pressure in kidney
--Macula densa – cells in distal tubule and thick

ascending loop of Henle
--Juxtaglomerular (JG) cells – cells of afferent and 

efferent arterioles contain modified smooth 
muscle fibers

Last part of distal convoluted tubule and 
collecting duct
--Principal cells – receptors for antidiuretic 

hormone (ADH) and aldosterone
--Intercalated cells – role in blood pH homeostasis

Simple squamous

Simple cuboidal 

Simple cuboidal 

Simple cuboidal 



Histology of a Renal Tubule 



Juxtaglomerular Apparatus

JG cells
Mechanoreceptors (sense blood pressure) in the afferent arteriole
Secrete renin and erythropoietin (EPO)

Chemoreceptors (sense Na+ content) in filtrate
Regulation of GFR



Basic Renal Exchange Functions
1. Glomerular filtration

--Blood water and most solutes from glomerulus to Bowman’s 
capsule

2. Tubular reabsorption
--As filtered fluid moves along tubule and through collecting 

duct, about 99% of water and many useful solutes reabsorbed –
from tubules to peritubular capillaries

3. Tubular secretion
--As filtered fluid moves along tubule and through collecting 

duct, other material secreted into fluid such as wastes, drugs, 
and excess ions – from peritubular capillaries  to tubules

4. Tubular excretion
--Solutes in the fluid that drains into the renal pelvis remain in 

the fluid and are excreted – from tubules out of body
--Excretion of any solute = glomerular filtration + secretion -

reabsorption
22



Basic Renal Exchange Functions
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Glomerular Filtration
Glomerular filtrate – fluid that enters capsular space
--180 liters/day: > 99% returned to blood plasma via tubular 

reabsorption
Filtration fraction – the fraction of plasma in the 
afferent arterioles of the kidneys that becomes filtrate
Filtration membrane – endothelial cells of glomerular 
capillaries and podocytes encircling capillaries
--Permits filtration of water and small solutes
--Prevents filtration of most plasma proteins, blood cells and 

platelets
--3 barriers to cross – glomerular endothelial cells fenestrations 

(pores), basement membrane between endothelium and 
podocytes and slit membranes between pedicels of podocytes

--Volume of fluid filtered is large because of large surface area, 
thin and porous membrane, and high glomerular capillary 
blood pressure 24



The Filtration Membrane
The filtering unit of a nephron is the endothelial-capsular
membrane (three barriers)
--Glomerular endothelium
--Glomerular basement membrane (basal lamina)
--Slit membranes between pedicels of podocytes

The principle of filtration - to force fluids and solutes 
through a membrane by net filtration pressure
During filtration it is important to keep the plasma proteins 
in the plasma to maintain osmotic (oncotic) pressure
If you see blood cells or protein in the urine (protinuria) then 
there is a problem with the filtration membrane (diabetes 
and hypertension kidney damage renal failure)  
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The Filtration Membrane

Glomerular endothelium

Glomerular basement membrane

Three barriers:



The Filtration Membrane

Slit membranes 

Glomerular capillary endotheliumThree barriers:



Starling Forces for Glomerular Filtration
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Glomerular capillary hydrostatic pressure
Bowman’s capsule oncotic pressure
Bowman’s capsule hydrostatic pressure
Glomerular oncotic pressure



Starling Forces for Glomerular Filtration
Starling Forces Favoring Filtration Across Glomerulus
--Glomerular capillary hydrostatic pressure

60 mm Hg: High due to resistance of efferent arteriole
--Bowman’s capsule oncotic pressure

0 mm Hg: Low due to lack of protein in filtrate

Starling Forces Opposing Filtration Across the 
Glomerulus
--Bowman’s capsule hydrostatic pressure

15 mm Hg: Relatively high (compared to systemic capillaries) due 
to large volume of filtrate in closed space

--Glomerular capillary oncotic pressure
29 mm Hg: Higher than in systemic capillaries due to plasma 
proteins in smaller volume of plasma



Glomerular Filtration Pressure
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Glomerular Filtration Rate
Filtration pressure = (PGC + BC) – (PBC + GC) 
= (60 + 0) – (15 + 29) = 16 mm Hg
Renal plasma flow = 625 mL/minute

--Regulation of renal plasma flow
Associated to urinary function of the kidney 
(autoregulation--Intrinsic regulation)
Associated to blood circulation (neuro- and humoral
regulation--Extrinsic regulation)

GFR = 125 mL/min = 180 liters/day
Total blood volume filtered every 40 minutes
Compared to systemic capillaries

--Filtration pressure = 2 mm Hg
--Filtration rate = 3 liters/day 31



Glomerular Filtration Rate
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Filtration fraction: the fraction of 
plasma in the afferent arterioles of 
the kidneys that becomes filtrate



Filtered Load of Glucose
Filtered load = Quantity filtered = GFR Px
Depends on plasma concentration of solute 
and GFR
--GFR = 125 mL/min
--Plasma [glucose] =100 mg/dL = 1 mg/mL

Filtered load of glucose =
(125 mL/min) (1 mg/mL) = 125 mg/min

33



Regulation of GFR
180 liters fluid filtered/day

-- Only 1.5 liters urine excreted/day (<1%)
-- >99% of filtered fluid is reabsorbed

Small increase in GFR large increase volume 
fluid filtered and excreted
GFR highly regulated
Two principal mechanisms:
-- Intrinsic regulation (renal autoregulation)

Myogenic regulation
Tubuloglomerular feedback

-- Extrinsic regulation (neural and hormonal 
regulation)



Control of GFR by Vascular Changes

Vasodilation

Vasoconstriction

Ex. fight/flight reaction

Urine formation  Urine formation



Renal Autoregulation of GFR
Mechanisms that maintain a constant GFR despite 
changes in arterial BP
--Myogenic regulation

Systemic increases in BP, stretch the afferent arteriole
Smooth muscle contraction reduces the diameter of the 
arteriole returning the GFR to its previous level in seconds

--Tubuloglomerular feedback
Elevated systemic BP raises the GFR so that fluid flows 
too rapidly through the renal tubule & Na+, Cl- and water 
are not reabsorbed
Macula densa detects that difference & releases a 
vasoconstrictor (paracrine) from the juxtaglomerular 
apparatus
Afferent arterioles constrict & reduce GFR 36



Renal Autoregulation of GFR
Myogenic Regulation

Constant GFR 



Renal Autoregulation of GFR
Tubuloglomerular feedback

Macula densa provides feedback to 
glomerulus, inhibits release of NO 
causing afferent arterioles to constrict 
and decreasing GFR



Neural Regulation of GFR
Blood vessels of the kidney are supplied by sympathetic fibers
that cause vasoconstriction (NE) of afferent arterioles
At rest, renal BV are maximally dilated because sympathetic 
activity is minimal
--Renal autoregulation prevails

With moderate sympathetic stimulation, both afferent & 
efferent arterioles constrict equally
--Decreasing GFR equally

With extreme sympathetic stimulation (exercise or 
hemorrhage), vasoconstriction of afferent arterioles
--Reduces GFR
--Lowers urine output & permits blood flow to other tissues

Extrinsic Regulation of GFR



Extrinsic Regulation of GFR
Sympathetic Nerve Effects



Clinical Application:
Hemorrhage & 

Sweating



Clinical Application:
Diarrhea



Hormonal Regulation of GFR
Atrial natriuretic peptide (ANP) increases
GFR
--Stretching of the atria that occurs with an increase 

in blood volume causes hormonal release
Relaxes glomerular mesangial cells increasing 
capillary surface area increasing GFR
AA dilation and EA constriction increasing GFR

Angiotensin II & Epi reduces GFR
--Potent vasoconstrictor that narrows both afferent 

& efferent arterioles reducing GFR
43



Regulation of GFR
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Tubular Reabsorption & Secretion
Reabsorption – return of most of the filtered water 
and many solutes to the bloodstream (movement 
from tubules into peritubular capillaries)

--About 99% of filtered water reabsorbed
--Most is not regulated
--Proximal convoluted tubule cells make largest contribution

Solutes reabsorbed by active & passive processes
Water follows by osmosis
Small proteins by pinocytosis

Secretion – transfer of material from blood into 
tubular fluid

--Helps control blood pH because of secretion of H+

--Helps eliminate certain substances (NH4+, creatinine, 
K+) 45



Normal Rates of Filtration and 
Reabsorption for Water and Solutes 
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Tubular Reabsorption
Reabsorption Barrier

Renal tubules Peritubular capillaries

Solute Reabsorption
--Most occurs in proximal convoluted tubule
--Some in distal convoluted tubule
--Barrier for reabsorption

Epithelial cells of renal tubules + Endothelial cells of capillary (minimal)



Reabsorption Routes
Paracellular reabsorption 
--50% of reabsorbed material
moves between cells (tight 
junction) by diffusion in some 
parts of tubule

Transcellular reabsorption
--Material moves through
both the apical and basal
membranes of the tubule
cell by active transport



Tubular Reabsorption
Active Solute (Na+) Reabsorption/PCT

Na+ is the most abundant cation in the filtrate
Reabsorption of Na+ especially important (active transport)
Set up a concentration gradient to drive osmosis

Transcellular reabsorption
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Tubular Reabsorption
Active Solute (Na+ -Glu) Reabsorption/PCT

Most solute reabsorption 
involves Na+

--Symporters for glucose, 
amino acids, lactic acid, 
water-soluble vitamins, 
phosphate and sulfate

--Na+ / H+ antiporter causes 
Na+ to be reabsorbed and H+

to be secreted



Tubular Reabsorption
Active Solute (Na+ -H +) Reabsorption/PCT

PCT cells produce the H+ & 
release bicarbonate ion to the 
peritubular capillaries
Important buffering system

CA: Carbonic Anhydrases 



Tubular Reabsorption
Passive Water Reabsorption/PCT

Na+ concentration gradient (active) Cl- reabsorption (passive)
Water reabsorption (osmosis--passive)
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Tubular Reabsorption
Passive Water Reabsorption/PCT

Na+ concentration gradient (active) Cl- reabsorption (passive)
Water reabsorption (osmosis--passive)
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Tubular Reabsorption
Passive Solute Reabsorption/PCT

Passive solutes (Cl-, K+, urea etc.) reabsorption via diffusion



Solute reabsorption promotes osmosis – creates osmotic gradient
--Aquaporin-1 in cells lining PCT and descending limb of loop of Henle
--As water leaves tubular fluid, solute concentration increases

Urea and ammonia in blood are filtered at glomerulus and secreted by 
proximal convoluted tubule cells

Tubular Reabsorption
Passive Solute Reabsorption/PCT

Diffusion of Cl- into interstitial 
fluid via the paracellular route 
leaves tubular fluid more positive 
than interstitial fluid. This 
electrical potential difference 
promotes passive paracellular 
reabsorption of Na+, K+, Ca+2, 
and Mg+2



Transport Maximum
Rate of transport when carriers 
are saturated
When solute transported across 
epithelium by carrier protein, 
saturation of carriers can occur
Renal Threshold--For a solute 
which is normally 100% 
reabsorbed
--If solute in filtrate saturates carriers, 

then some solute excreted in urine
--Solute in plasma that causes solute 

in filtrate to saturate carriers and 
spillover into urine = renal threshold

Glucose Renal Curve

Theoretical renal threshold = 300 mg/dL
(GFR renal threshold = transport maximum)

Actual renal threshold = 160–180 mg/dL
Filtered load = 225 mg/min

Plasma [glucose] = 100 mg/dL

375 mg/min

Filtered load glucose = 125 mg/min

Glucosuria



Transport Maximum: Glucose Reabsorption
Freely filtered at glomerulus
Normally 100% actively reabsorbed in proximal tubule
Normally, no glucose appears in urine

Carrier proteins for glucose reabsorption
--Apical membrane: secondary active transport
--Basolateral membrane: facilitated diffusion

Na+ -Glu Symporter



Osmolarity still close to that of blood
--Reabsorption of water and solutes balanced

For the first time reabsorption of water is NOT
automatically coupled to reabsorption of solutes

--Independent regulation of both volume and osmolarity of 
body fluids

Na+-K+-2Cl- symporters function in Na+ and Cl-

reabsorption – promotes reabsorption of cations
Although about 15% of the filtered water is 
reabsorbed in the descending limb (Is not permeable 
to salt), little or no water is reabsorbed in 
ascending limb – osmolarity decreases 58

Tubular Reabsorption
Solute Reabsorption/Loop of Henle 



Na+-K+-2Cl- Symporter in Thick
Ascending Limb of Loop of Henle
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Thick limb of loop of Henle has 
Na+-K+-Cl- symporters that 
reabsorb these ions
K+ leaks through K+ channels back 
into the tubular fluid leaving the 
interstitial fluid and blood with a 
negative charge
Cations passively move to the vasa 
recta 

Tubular Reabsorption
Solute Reabsorption/Loop of Henle 



Reabsorption on the early distal convoluted tubule
--Na+-Cl- symporters reabsorb Na+ and Cl-
--Major site where parathyroid hormone (PTH) stimulates 

reabsorption of Ca+ depending on body’s needs
--early DCT is not very permeable to water so the solutes are 

reabsorbed with little accompanying water
Reabsorption and secretion in the late distal convoluted 
tubule and collecting duct
--90-95% of filtered solutes and fluid have been returned to the 

bloodstream
--Principal cells reabsorb Na+ and secrete K+

--Intercalated cells reabsorb K+ and HCO3
- and secrete H+

--Amount of water reabsorption and solute reabsorption and 
secretion depends on body’s needs 60

Tubular Reabsorption
Solute Reabsorption/DCT & Collecting Duct



Na+ enters principal cells through 
leakage channels
Na+ pumps keep the concentration 
of Na+ in the cytosol low
Cells secrete variable amounts of K+, 
to adjust for dietary changes in K+

intake
--Down concentration gradient due to 

Na+/K+ pump
Aldosterone increases Na+ and 
water reabsorption & K+ secretion 
by principal cells by stimulating the 
synthesis of new pumps and 
channels

Actions of the Principal 
Cells/Collecting DuctReabsorb Na+

Secrete K+



Proton pumps (H+ATPases) secrete H+

into tubular fluid
--Can secrete against a concentration 

gradient so urine can be 1000 times more 
acidic than blood

Cl-/HCO3- antiporters move 
bicarbonate ions into the blood
--Intercalated cells help regulate pH of 

body fluids 
Urine is buffered by HPO4 2- and 
ammonia, both of which combine 
irreversibly with H+ and are excreted

Secretion of H+ and Absorption 
of Bicarbonate by Intercalated 

Cells/Collecting Duct



Tubular Secretion
Solutes move from the peritubular
capillaries into the tubular lumen
Barriers (3) same as for reabsorption
Transport mechanisms same but 
opposite direction
Secreted substances such as potassium, 
hydrogen ions, choline, creatinine, and 
penicillin etc.
Tubular secretion is an important 
mechanism for:
1. Disposing of drugs and drug metabolites
2. Eliminating undesired substances or end products that have reabsorbed by 

passive processes (urea and uric acid)
3. Removing excess K+

4. Controlling blood pH



Secretion of NH3 and NH4
+ /PCT

Urea and ammonia in the blood are 
both filtered at the glomerulus and 
secreted by proximal convoluted 
tubule cells into the tubules
The deamination of the amino acid 
glutamine by PCT cells generates both 
NH3 and new HCO3

-

At the pH inside tubule cells, most 
NH3 quickly binds to H+ and becomes 
NH4

+

NH4
+ can substitute for H+ aboard 

Na+/H+ antiporters and be secreted 
into tubular fluid
Na+/HCO3

- symporters provide a 
route for reabsorbed Na+ and newly 
formed HCO3

- to enter the bloodstream

Tubular Secretion



Differential Handling in the 
Kidney

Substance X is filtered and secreted but not reabsorbed
Substance Y is filtered and some of it is reabsorbed
Substance Z is filtered and completely reabsorbed



Regional Specialization of Renal Tubules
Non-regulated 
reabsorption in proximal 
tubule

--70% water and sodium
--100% glucose

Regulated reabsorption 
and secretion in the distal 
tubule and collecting 
duct
Water conservation 
(concentrate urine) in the 
loop of Henle



Summary



Hormonal Regulation of Tubular 
Reabsorption and Secretion

Angiotensin II (AII) - when blood volume and BP decrease
--Decreases GFR (vasoconstricting AA)
--Promotes aldosterone production (sti. RAA System)
--Enhances reabsorption of Na+, Cl- and water in PCT

Aldosterone - when blood volume and BP decrease
--Stimulates principal cells in collecting duct to reabsorb more Na+, Cl- and 

water, and secrete more K+ and H+

Atrial natriuretic peptide (ANP) - when blood volume and BP 
increase

--Inhibits reabsorption of Na+ and water in PCT & suppresses secretion of 
aldosterone & ADH

--Increase excretion of Na+ which increases urine output and decreases 
blood volume

Parathyroid hormone (PTH)
--Stimulates cells in DCT to reabsorb more Ca2+



RAA System

AII 
Regulation

JG cells



Aldosterone 
Regulation

Steroid hormone



ANP 
Regulation

28-amino acid peptide 



ADH 
Regulation

9-amino acid peptide 
Cys-Tyr-Phe-Gln-Asn-Cys-Pro-Arg-Gly

Blood Volume Blood Volume



ADH Regulation/Collecting Duct
Aquaporin-2 (AQP2)

73

G Protein-linked Receptors



ADH Secretion & Action
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Hormonal Regulation of Tubular 
Reabsorption and Secretion

75



Excretion
Excretion rate (moles/min) = filtration rate + 
secretion rate – reabsorption rate
= Ux V = urinary conc.(moles/L) urine flow 

rate (L/min)
--Amount excreted depends on

Filtered load, Secretion rate and Reabsorption rate

Used to measure GFR, an indicator 
of renal health



Amount of solute excreted/min < filtered load solute was reabsorbed
Amount of solute excreted/min > filtered load solute was secreted

Excretion



Clearance
Clearance = excretion rate of a solute
Renal plasma clearance = volume of plasma 
from which a substance has been removed by 
kidneys per unit time (mL/min or L/h)
Tells us how urinary excretion affects the plasma 
conc. of one solute relative to another
Used clinically to estimate GFR and renal blood 
flow rate

excretion rate Ux V
Clearance =                                       =

plasma concentration Px



Clearance of Inulin = GFR
Inulin is polysaccharide found in garlic, onion, 
and artichokes that is not produced in the body but 
can measuring the GFR (via iv.)
Clearance of substance freely filtered and neither 
reabsorbed nor secreted = GFR
Amount of inulin excreted in urine = amount that 
was filtered = filtered load (Excretion rate = 
filtered load = GFR Pi)

excretion rate GFR Pi
Clearancei =                                       =                    = GFR

plasma concentration Pi



Clearance of Inulin = GFR

= 125 mL/min 



Use of Creatinine to Estimate 
GFR

Creatinine = by-product of muscle metabolism
Produced in body, freely filtered
Not reabsorbed
Small amount secreted
Clearance = “estimate” of GFR (renal function)

--Clearance a little greater than GFR, 140 mL/min
Filtering of the kidney is deficient (renal function ), 
creatinine blood levels 
Creatinine levels in blood and urine may be used to 
calculate the creatinine clearance = reflects the GFR



Clearance of Glucose = 0

82
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Glucose and aa. easily 
filtered out in the 
glomerular capsule

Completely reabsorbed in 
the proximal tubule via 
secondary active transport
with sodium (Na-glucose 
cotransport), facilitated 
diffusion, and simple 
diffusion

Reabsorption of Glucose 



Clearance of PAH
PAH (para-aminohippuric acid )
--Foreign substance used clinically to measure renal 

blood flow
--Clearance of substance freely filtered, fully 

secreted, and not reabsorbed = renal plasma flow 
rate

--Amount excreted = amount contained in volume of 
plasma that entered the kidneys (renal plasma flow)

--Convert plasma flow to blood flow (Blood is 55% 
plasma)

clearance PAH         625 mL/min
Renal blood flow = = = 1136 mL/min

1-hematocrit                 0.55 (1/5-1/4 of CO)



Clearance of PAH



Clearance of Common 
Substances
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Renal Plasma Clearance
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Urine Transportation, Storage, 
and Elimination

Urine drains through papillary ducts into minor calyces, 
which joint to become major calyces that unite to form 
the renal pelvis 
Renal pelvis ureters urinary bladder urethra
Ureters
--Each of 2 ureters transports urine from renal pelvis of 

one kidney to the bladder
--Peristaltic waves, hydrostatic pressure and gravity

move urine
--No anatomical valve at the opening of the ureter into 

bladder – when bladder fills it compresses the opening 
and prevents backflow



Anatomy of Ureters
Tubes made of smooth muscle cells 
that propel urine from the kidneys to 
the urinary bladder
In the adult, the ureters are usually 25-
30 cm long and ~3-4 mm in diameter
Ureters are retroperitoneal and 
consist of a mucosa, muscularis, and 
fibrous coat 
Ureter contains transitional 
epithelium (mucosa) and an 
additional smooth muscle layer in the 
more distal one-third to assist with 
peristalsis (urine flow)
Enters posterior wall of bladder



Urinary Bladder & Urethra
Urinary bladder
--Hollow, distensible muscular organ situated in the pelvic 

cavity posterior to the pubic symphysis
--Capacity averages 700-800 mL
--In the floor of the urinary bladder is a small, smooth 

triangular area = trigone
--The ureters enter the urinary bladder near two posterior 

points in the triangle; the urethra drains the urinary bladder 
from the anterior point of the triangle

--Micturition – discharge of urine from bladder
Urethra
--Small tube that connects the urinary bladder to the 

genitals for the removal of fluids from the body
--In males, the urethra travels through the penis, and 

discharges semen as well as urine



Anatomy of Urinary Bladder 

Hollow, distensible muscular organ with capacity of 700 - 800 mL
Trigone is smooth flat area bordered by 2 ureteral openings and 
one urethral opening



Location of Urinary Bladder

Posterior to pubic symphysis
In females is anterior to vagina & inferior to uterus
In males lies anterior to rectum



Females
--Length of 3.8-5 cm, 
orifice between clitoris & 
vagina

Males
--Length of 20 cm, tube 
passes through prostate, 
external urethral sphincter 
& penis

--3 regions of urethra: 
Prostatic urethra, 
membranous urethra & 
spongy urethra

Anatomy of the Urethra

0.5-1.5 cm

1-2 cm
15-16 cm



Micturition = Urination
Detrusor muscles line 
the wall of the urinary 
bladder
--Gap junctions connect 

smooth muscle cells
--Innervated by 

parasympathetic 
neurons, which 
release ACh onto 
muscarinic ACh 
receptors

2 Sphincters surround urethra
--Internal urethral sphincter: smooth muscle (involuntary)
--External urethral sphincter: skeletal muscle (voluntary)



Control of Micturition
Stretch receptors in the bladder send information to 
S2 S4 regions of the sacral spinal cord 
(micturition center)
--These neurons normally inhibit parasympathetic nerves to 

the detrusor muscles, while somatic motor neurons to the 
external urethral sphincter are stimulated

--Called the guarding reflex
--Prevents involuntary emptying of bladder
--Micturition involves coordination between the central, 

autonomic, and somatic nervous systems
--Brain centers that regulate urination include the pontine

micturition center, periaqueductal gray and the cerebral 
cortex



Control of Micturition
Stretch of the bladder (urine 200-400 ml) 
initiates the voiding reflex = micturition reflex
--Information about stretch passes up the spinal cord to 

the micturition center of the pons
--Parasympathetic neurons cause detrusor muscles to 

contract (autonomic control)
--Sympathetic innervation of the internal urethral 

sphincter causes it to relax (autonomic control)
--Person feels the need to urinate and can control when 

with external urethral sphincter (voluntary control)



Control of Micturition
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Micturition Reflex

Micturition is regulated 
by a spinal reflex that 
can be overridden by 
voluntary control in a 
trained children and 
adult
In infants, the pathway 
is purely reflexive 



Clinical Application:
Urinary Incontinence

Urinary incontinence is the 
involuntary release of urine and 
more common in women (result of 
childbirth)
--Normal in 2 or 3 year olds because 

neurons to sphincter muscle is not 
developed

2 most common types 
--Stress incontinence (due to abdominal pressure  ex. sneezing, 

coughing, laughing, walking or exercise; injury to the nerves, loss of 
bladder flexibility, or damage to the sphincter)

--Urge incontinence (associated with suddenly urge to urinate)



Clinical Application:
Urinary Incontinence

Medications such as estrogen replacement therapy to 
improve vaginal tone can often relieve stress incontinence
--Anticholinergic medication used to relieve urinary and bladder 

difficulties
--Severe cases may require surgery to improve vaginal support of 

the bladder and urethra
Any irritation to the bladder or urethra ex. bacterial infection
can cause urge incontinence
--Urge incontinence can be treated with anticholinergic drugs

such as tolterodine or oxybutynin (M3 ACh antagonist on the 
detrusor muscle)

--These drugs can have side effects such as blurred vision, 
constipation, and increased heart rate



Evaluation of Kidney Function

Urinalysis
--Analysis of the volume and physical,
chemical and microscopic properties of urine

--Water accounts for 95% of total urine volume
--Typical solutes are filtered and secreted substances 

that are not reabsorbed
--If disease alters metabolism or kidney function, 

traces if substances normally not present or normal 
constituents in abnormal amounts may appear
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Evaluation of Kidney Function
Blood tests
--Blood urea nitrogen (BUN) – measures blood nitrogen 

that is part of the urea resulting from catabolism and 
deamination of amino acids

--Plasma creatinine results from catabolism of creatine 
phosphate in skeletal muscle – measure of renal function

Renal plasma clearance
--More useful in diagnosis of kidney problems than above
--Volume of blood cleared of a substance per unit time
--High renal plasma clearance indicates efficient

excretion of a substance into urine
--PAH administered to measure renal plasma flow
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Characteristics of Normal Urine
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Abnormal Constituents in Urine



Aging and the Urinary System
After age 40, the effectiveness of kidney function 
begins to decrease 1%
Anatomical changes
--2 kidney shrink in size from 260 g to 200 g

Functional changes
--Lowered blood flow & filter less blood (50%) 
--Diminished sensation of thirst (dehydration )

Diseases common with age
--Acute and chronic inflammations
--Infections, nocturia, polyuria, dysuria, retention or 

incontinence and hematuria

Cancer of prostate is common in elderly men
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Disorders of Urinary System
Urinary tract infection (UTI) 
--An infection of a part of the urinary system or the 

presence of large numbers of microbes in urine
--UTIs include urethritis (inflammation of the urethra), 

cystitis (inflammation of the urinary bladder), 
pyelonephritis (inflammation of the kidneys), and 
pyelitis (inflammation of the renal pelvis and its calyces)

Glomerulonephritis (Bright’s disease) 
--An inflammation of the glomeruli of the kidney
--One of the most common causes is an allergic reaction 

to the toxins given off by steptococcal bacteria 
--The glomeruli may be permanently damaged, leading to 

acute or chronic renal failure
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Disorders of Urinary System
Chronic renal failure
--A progressive and generally irreversible decline in GFR
--May result from chronic glomerulonephritis, 

pyelonephritis, polycystic disease, or traumatic loss of 
kidney tissue

Polycystic kidney disease 
--One of the most common inherited disorders
--In infants it results in death at birth or shortly thereafter
--In adults, it accounts for 6-12% of kidney transplantations
--Kidney tubules (hundreds or thousands of cysts) + 

noncystic tubules (inappropriate apoptosis of cells) 
renal function  and renal failure 
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