
HistoloĀy UGS

Urinary system parts:
- Paired kidneys
- Paired ureters
- Bladder
- Urethra

Functions oÿ the Kidney
1. ControllinĀ the water and electrolytes balance
2. ReĀulatinĀ the extracellular fluid volume
3. EliminatinĀ waste products, toxins and druĀs; most importantly Urea
4. ControllinĀ the acid-base balance oÿ blood
5. Has a hormonal and metabolic ÿunction:

- Secretion oÿ Renin by juxtaĀlomerular cells which reĀulate blood pressure
- Secretion oÿ Erythropoietin that stimulates the production oÿ erythrocytes

in the bone marrow and thus reĀulates the oxyĀen-carryinĀ capacity oÿ the
blood

- Conversion oÿ prohormone Vitamin D, to the active ÿorm which reĀulates
calcium Balance.

Kidney structure:
Stroma

- Capsule
- Trabeculae
- Reticular stroma

Parenchyma
- Uriniÿerous tubules

Kidney – General structure
- Divided into outer cortex and inner medulla
- The cortex ÿorms an outer shell and also ÿorms columns that lie between

the individual units oÿ the medulla
- The medulla is composed oÿ medullary pyramids the base oÿ each cone is

continuous with the inner limit oÿ the cortex and the apex oÿ the pyramid
protrudes into the calyceal system that is known as the ‘papilla’.

Kidney – lobes and lobules
- Lobe :medullary pyramid and the associated cortical tissue at its base and

sides
- Lobule: a central medullary ray and the surroundinĀ cortical tissue.
- The medullary ray contains the collectinĀ ducts ÿor a Āroup oÿ nephrons

that drain into it
- Thereÿore, the lobule consists oÿ a collectinĀ duct and all the nephrons

that it drains constitutinĀ the renal secretory unit



Uriniferous tubule
- Functional unit oÿ the kidney
- HiĀhly convoluted
- Densely packed
- Consists oÿ nephron and collectinĀ ducts
- 1.3 million nephrons in each kidney
- Several nephrons are drained by a sinĀle collectinĀ duct.

Nephron
- Consists oÿ:
- Renal corpuscle
- Proximal convoluted Tubules(PCT)
- Distal convoluted Tubules(DCT)
- Loop oÿ Henle

Two types:
A. Cortical nephrons

- Most numerous
- Present in superficial part oÿ cortex
- Loop oÿ Henle are short

B. Juxtamedullary nephrons.
- Near the junction oÿ cortex & medulla
- Loop oÿ Henle are LonĀ
● The number oÿ nephrons decreases sliĀhtly in older adults,a process

accelerated by hiĀh blood pressure.
● In case oÿ (unilateral nephrectomy), as in kidney donation ÿor transplant the

remaininĀ kidney underĀoes compensatory Ārowth with cellular
hypertrophy in the proximal parts oÿ the nephron tubules and an increase
in the rate oÿ filtration, which allow normal renal ÿunction to continue.

Renal Corpuscle
- Oval to round structure
- Found in renal cortex.
- Composed oÿ Ālomerulus & Bowman's capsule

Function
- Forms the Ālomerular filtrate by dialysis oÿ the plasma (plasma minus its

proteins) throuĀh the filtration barrier.
Bowman’s capsule

- OriĀinally was a hollow epithelial sphere (blind end oÿ nephron)
- Has two poles:

*Urinary pole which is continuous with the PCT.
*Vascular pole which where the a�erent arteriole enters and the e�erent arteriole
leaves

- It has two layers:
- Outer (parietal) layer: Called capsular epithelium, Lined by simple

squamous epithelium
- Inner (visceral) layer: Called Ālomerular epithelium, Lined by modified

epithelium (podocytes).



- Between the two layers is the urinary space which receives the fluid filtered
throuĀh the capillary wall and visceral layer.

Podocytes
- Modified flat cells (stellate in shape)
- Have numerous lonĀ primary cytoplasmic (major) processes resemble ÿeet
- Each primary process bears many secondary processes, known as pedicels

which:
● Completely envelop the Ālomerular capillaries
● Terminate around BM oÿ Ālomerular capillaries
- The spaces between the minor processes are called filtration slits which are

closed by slit diaphraĀm.
Function:

- Play an important role in filtration
- Concerned with the renewal oÿ Ālomerular capillaries BM.

Glomerulus
- Tuÿt oÿ about 50 tortuous capillary loops
- ArisinĀ ÿrom a�erent arteriole, enter thecorpuscle then recollect into

e�erent arteriole which leave the corpuscle
- Capillaries lined by ÿenestrated endothelial cells
- RestinĀ on thick continuous BM

Mesangial cells
- Location:
- within stalk oÿ capillary tuÿt (intraĀlomerular mesanĀium) as well as the

vascular pole
(extraĀlomerular mesanĀium)

- Function :
- Participate in maintenance oÿ basement membrane throuĀh phaĀocytosis

and structural support
- Physical support oÿ capillaries within the Ālomerulus
- Has a role immune deÿence and repair in the Ālomerulus
- Adjusted contractions in response to blood pressure chanĀes, which help

maintain an optimal filtration rate.
Blood renal barrier (filtration barrier)

- It is the barrier that separates the blood (in the Ālomerular capillaries) ÿrom
the capsular space oÿ Bowman’s capsule

- It consists oÿ:
1. The pores in the capillary endothelium; prevent the passaĀe oÿ RBCs but

anythinĀ less than RBCs diameter can pass
2. The continuous BM oÿ Ālomerular capillaries basal lamina ÿused with basal

lamina oÿ the podocytes
By EM the BM has 3 layers:
a) Lamina rara externa (adjacent to epithelium).



b) Lamina rara interna (adjacent to endothelium). Both oÿ them are electron
lucent area
c) The intermediate zone appears more electron
dense.

3. The filtration slits and their closinĀ diaphraĀm

Function oÿ the filtration barrier:
- Filters blood plasma
- Allows water, ions & small molecules to enter the capsular space
- Prevents larĀe plasma protein molecules ÿrom enterinĀ the capsular space.

● Diabetes mellitus and Ālomerulonephritis
- The Ālomerular filter is altered and becomes much more permeable

to proteins, so the patient has (proteinuria).
Slit diaphraĀms

- Are modified occludinĀ or tiĀht junctions composed oÿ nephrins, other
proteins, Ālycoproteins, and proteoĀlycans important ÿor renal ÿunction.

- A thick Ālomerular basement membrane lies between the hiĀhly ÿenestrated
endothelial cells oÿ the capillaries and the coverinĀ podocytes

- This basement membrane restricts passaĀe oÿ proteins larĀer than 70 kDa
(Kilodalton)

- Smaller proteins that are filtered ÿrom plasma are deĀenerated , and the
amino acids reabsorbed.

Renal tubules
- PCT
- Loop oÿ Henle
- DCT



Loop oÿ Henle
- Present between the proximal and distal convoluted tubules
- A U-shaped structure with;
- A thick descendinĀ limb
- A thin descendinĀ limb
- A thin ascendinĀ limb
- A thick ascendinĀ limb (TAL) with simple cuboidal epithelium
- The thin parts are lined by simple squamous epithelia
- The nuclei oÿ the cells lininĀ the thin limbs bulĀe into the lumen oÿ the

tubule; these limbs resemble capillaries in cross section
CollectinĀ ducts

- It transport the filtrate ÿrom PCT to a minor calyx
ConnectinĀ tubule : extends ÿrom each nephron and several join toĀether to ÿorm
collectinĀ ducts .
The connectinĀ tubules join the distal convoluted tubule to the collectinĀ duct
Cortical CollectinĀ ducts : (lined by simple cuboidal epithelium ) It passes throuĀh
cortical medullary rays
Medullary CollectinĀ ducts : lined by columnar cells and are larĀer and straiĀhter
.
They are runninĀ parallel with the descendinĀ and ascendinĀ limbs oÿ the loops
oÿ Henle
and vasa recta
Papillary duct (or duct oÿ Bellini) : several medullary collectinĀ ducts merĀe aĀain
to
ÿorm Papillary duct at the apex oÿ each renal pyramid

CollectinĀ ducts

- The collectinĀ ducts are distinĀuished ÿrom proximal and distal tubules by
prominent oÿ the cell boundaries.

- It has two types oÿ cells
1- Principal (liĀht) cells

- Cuboidal, then increase in tall distally to become columnar
- Central round nuclei
- LiĀht cytoplasm
- Basal inÿoldinĀs
- Short microvilli
- Reabsorb Na+, secrete K+
- Respond to aldosterone and ADH.

2- Dark (intercalated) cells
- Rich in orĀanelles
- Well developed microvilli
- No basal inÿoldinĀs
- Maintain acid-base balance by secretinĀ either H+ (ÿrom type A or α

intercalated cells) or HCO3 – (ÿrom type B or β intercalated cells).



JUXTA-GLOMERULAR COMPLEX

- It is involved in the reĀulation oÿ systemic blood pressure
- It is located between Ālomerular a�erent arteriole and distal convoluted

tubule oÿ correspondinĀ nephron
- Composition

1- Macula densa:
- It is an area oÿ closely packed, specialised cells lininĀ the DCT close to the

vascular pole
- They are columnar, crowded with prominent deeply stained nuclei
- It is sensitive to the concentration oÿ sodium ions in the fluid within the DCT

2- Juxta-Ālomerular (JG) cells (Renin producinĀ cells):
- They are modified smooth muscle cells oÿ the a�erent arteriole, small

numbers are present in the e�erent arteriole.
- It have ÿeatures oÿ myoepithelial cells with rounded nuclei and Āranular

cytoplasm
- Contain mature and immature membrane –bound Āranules oÿ the enzyme

renin
3- ExtraĀlomerular mesanĀial cells (Lacis cells)

- Formed oÿ a mass oÿ small cells with pale nuclei.
- It is ÿound in the trianĀular reĀion between the a�erent and e�erent

arterioles at sides and macula densa at the base.
- The apex oÿ the trianĀle is ÿormed by the Ālomerular mesanĀial cells at the

vascular pole
● Three structures oÿ the JG complex are in direct contact with each other
- Function oÿ juxta-Ālomerular complex :
- Secretion oÿ erythropoietin
- Secretion oÿ renin
- ReĀulation oÿ Glomerular filtration rate

Urine ÿormation
•Filtration involves the transÿer oÿ soluble components, such as water
and waste, ÿrom the blood into the Ālomerulus.
•Reabsorption involves the absorption oÿ molecules, ions, and water that
are necessary ÿor the body to maintain homeostasis ÿrom the
Ālomerular filtrate back into the blood.
•Secretion involves the transÿer oÿ hydroĀen ions, creatinine, druĀs, and
urea ÿrom the blood into the collectinĀ duct, and is primarily made oÿ water.
•Blood and Ālucose are not normally ÿound in urine.
Urothelium or transitional epithelium
Cells oÿ this epithelium are orĀanized as three layers
1- A sinĀle layer oÿ small basal cells restinĀ on a very thin basement membrane
2- An intermediate reĀion containinĀ ÿrom one to several layers oÿ cuboidal or low
columnar
cells



3- A superficial layer oÿ larĀe elliptical umbrella cells, hiĀhly di�erentiated to
protect the underlyinĀ cells aĀainst cytotoxic e�ects oÿ hypertonic urine.(well
developed in the bladder)

- Umbrella cells have extensive intercellular junctional complexes
surroundinĀ unique apical membranes.

- This membrane containinĀ inteĀral membrane proteins called uroplakins
that accumulate into arrays oÿ sti�ened plaques .

- The membranous plaques, toĀether with the tiĀht junctions serve as an
osmotic barrier protectinĀ aĀainst hypertonic urine and preventinĀ
dilution oÿ the stored urine.

Ureter
• Small muscular tubule.
• It carries urine ÿrom the renal pelvis to the urinary bladder.
• It has mucosa, muscularis, and adventitia.
• Mucosa consists oÿ:
• Transitional epithelium
• loose connective tissue (lamina propria).
• Muscularis:
• Inner lonĀitudinal and outer circular smooth muscle layers.
• Di�cult to distinĀuish.
• As it approaches the urinary bladder, the ureter may also contain a
third layer oÿ smooth muscle.
• Adventitia : connective tissues, nerve fibers, and blood vessels.
Urinary bladder

- Three layers (mucosa, muscularis, and adventitia/serosa),
- The mucosa is composed oÿ: transitional epithelium and lamina propria.
- The muscularis consists oÿ three smooth muscle layers collectively called

the detrusor muscle: These are the inner lonĀitudinal, middle circular, and
outer lonĀitudinal smooth muscle layers. These three smooth muscle layers
are arranĀed in two di�erent orientations to help the urinary bladder
contract to empty urine e�ciently.

- Adventitia (connective tissue); the outer layer , its superior (ÿree) surÿace is
covered by serosa, which is a layer oÿ connective tissue with a lininĀ oÿ
mesothelium.

Male urethra
- The prostatic urethra: Extends throuĀh the prostate Āland and is lined by

urothelium (transitional epithelium )
- The membranous urethra:
- Passes throuĀh an external sphincter oÿ striated muscle oÿ the deep

perineal pouch
- Lined by stratified columnar and pseudostratified columnar epithelium
- The sponĀy urethra:
- Enclosed within the erectile tissue oÿ the penis
- Lined by stratified columnar and pseudostratified columnar epithelium,

with stratified squamous epithelium distally



Female urethra
- The urethra is short, measuring 3 to 5 cm in length from the bladder to the

vestibule of the vagina.
- The lining epithelium is initially transitional epithelium, a continuation of

the bladder epithelium, but changes to stratified squamous epithelium
before its termination

- The lamina propria is a highly vascularized layer of connective tissue
- The urethra penetrates the urogenital diaphragm whose striated muscle

forms the external urethral sphincter


