A symport mechanism (coupled transport of
twio o maore solutes in the same direction)
enables the reabsorption of NaCl. The DCT is

impermeable to water.

Distal convoluted tubular cells have short
migrovilli and abundant basal miochendria,
Lysesomes and tubulovesicular structures
are not prominent,

Simple Short cuboid epithelium
Large lumen

Short microvillus

No brush border

Base: basal ridge + mitochondria
Macula densa

—— Microvilus

78

[

Renal
corpuscle

Identification parameters of PCTs and DCTs

The identfication of proximal convoluted tubules
{PCTs) and DCTs is faciitated by the following
parameters;

1. Both are adjacent 1o renal conpuscles.

2. PCTs coniain cells with abundant lysosomes
{stained dark in both light mictoscope
illustrations).

3.The apical domain of PCTs has a prominent
brush border (microvilli} 2nd vesicles. in L ey §As,
contrast, the apical domain of DCTs has sparce 2 T e
microwilli and vesicles. - : k2

4. Celis Ening tha PCTs and DCTs contain
abundant basally located mitochondria.



: Distal convoluted tubule (DCT) functions:
[

: Reabsorbtion of Na+ / water (by aldestron )

Distal
' Reabsorbtion of bicarbonate L= convoiuted Interstitium-
I urine L blood

" Reabsorbtion of Ca+
: Secretion of hydrogen / ammonium ( acid-base balance)
: Secretion K+

Source: Katzung BG, Masters SB, Trevor A1 8arsic & Clinical Pharmracalagw
13¢h Editam: http:ffwww. accessmedicine, corm

Capyright @ The McGraw-Hill Campanies, Inc All rights reserved,




ZURE 19=8 Renal cortex: proximal and distal convoluted tubules,

{a) The microgrash shows the continuity at & renal corpuscle’s
tubular pole {TP) between the semple cuboidal epdthetium of

a proximal comvolutad tubusa (P and the simple sguamous
epithalivm of thi capsube’s parietal layer The urinany Sgace (U]
betwstn the parietal leyer and the glamerwlus (G) drains inta
the lumen of the preximal tutwebe. The lurmens of the proximal
tubules appear filled, because of the long microvilli of the

brush border and agaregates of emall plasma proteins Bovndg
1o this structure. By contrast, the kenens of distal convoluted
tubules (D) appear emply, lacking a brush border and protain.
(b} Here the abundant peritubular capilkares and draining

venulés (arrows) thiat surmound the prosemal [P) and distal
(D) convoluted tubules aré cliarly seen. Both X400, HEE.



PCT & DCT

BB - brush border

DC - distal convoluted tubule  PC - proximal convoluted tubule



Collecting tubule/duct

Chief cell:
Cuboid / light cytoplasm / basal ridge / apical single cilia /

Intercalated or dark cell: —

Polycystin? acts asa
Ca?+-permeable channel
# the cilum, and
acdhesion at the cell-cell
junctional suriace and
extraceliular makix (basal
lamana),

Microndi

Dark cuboid / apical microvillus / mitochondria : T Palycystn]

Collecting tube — collecting duct —
duct of bellini (area cribrosa) —
minor calyxes g - &)

M)
N A

Single cilia in chief cell:

Have polycystin protein

Functions:
Integrn Polycystn-1 adhesive
Ca+ c_hannel - - e
Adhesion protein in cell to cell junction \‘Jlﬂ infercelular space )
Attach cell to basal membrane ; %— R ——
Lsnarmn
5 — Basal lamina



Chief cell :

Reabsorption Na+ / water
Secretion K+

Dark cell ;

Reabsorption K
Secretion H+ /7 HCO3

Intorcabated cels (dark
Intoscalaled coll cols) socnele esther H o
' HCOy and sl reabsorh
K+, Clium with
polycystin-1 and -2

reabmorh Mat and waler

_l_ P and sacreda K*, Anical
Principal cell micronili

Aldosterons (from he 2ona gomariosa of the adrenal gland cortix) stmulales.
e reabsorpbon of Nat at the eolecting Rubube. Ratention of Na® nedults in waer
reention, helping lo comect hypovokemia (decrease in total body waler) and
Iryponatremia (decreases m iokal body Ma¥).

Collecting tubule/duct

Lumen- Collecting Interstitium-
urine tubule blood

Cl -

Principal cell

ENaC

Intercalated cell

HCOg™

H* e



FIGURE 19=11 Renal medulla: nephron loops and collecting ducts.




IGURE 19=14 Collecting ducts.

Pale-staining columnar principal cells, in which ADH-regulat-
ed aquaporins of the call membrane allow more water reab-
sorption, are cloarly seen in these transversely sectioned
collecting ducts (CD), surroundad by imterstitium with vasa
recta (WR) X500, FT.




- Located in vascular pole
: Consist of 3 parts:

: Macula densa
- Juxtaglomerular cell
- External mesangial cell

<+— Flow of blood
=— Flow of filtrate

Proximal
convoluted 9
tubule *-

Glomerulus

Podocyte of visceral —

layer of glomerular
capsule

Parietal layer of
glomerular capsula

Afferent arteriole

/0 Juxtaglomerular
. apparatus:
Juxtaglomerular
cell

Macula densa

Distal tubule

Enﬂmhelium
of glomerulus




Macula densa:

Modified cell of DCT

Located around afferent arteriole
Long / dark cell

Central or apical nucleus

Apical microvillus

susceptible to low Na+ concentration

Sympathetic nerve Fbers sach tha
afferert anericle and innenale
juxtaglomandar celis.

AR Increads in sympathetic
ciivity stimulates renin sacretion,

Sympalbetic herva fibet

Vascular pole

The macula cansa s 2 distingt epthelisl region found - Ol

&t the thick ascending limb-distal convoluted ubule B —
juncticn, The macula danss Boes the tianjular araa

formeert by 1he afatant and efferent anerioles of the () TV acala dor

same naphion, The celis of the macula dendsa ana in The

coekact wilh extraglomerular mesangis] celis, n_w




Functions:

Renin secretion / angiotensin | to angiotensin Il convertor enzyme

Juxtaglomerular cells;

Modified smooth muscle cells of afferent arteriole
Round nucleus

Secretory granules in cytoplasm

Rough ER / Golgi

Efferent
arteriole

Extraglomerular
mesangial
cells

Extraglomerular
mesangial cells
/ Lacis cells

Intraglomerular
mesangial cells
Bowman's
Space Pysical support for the capillary loops

caplllaries



I External mesangial cell: polkissen / lacis cells !

[ ] - I

I Occupied space between :

; afferent & efferent arterioles & macula densa I

Distal tubule n _ |

i | Functions: :
cells

I : :
ereem - NOtClear / external glomeruli mesangial /
aerdle | Secretion of erythropoietin probably / :

S - Supporting + contractile I
Exraglomerular ==, Extraglomerular
mesangial z
zels mesangial cells

/ Lacis cells

\ Intraglomerular

mesangial cells
sical support for the capillary loops

Intragtomernutar

mesangial cells A

- Glomenuiar
capillaties



Converting
enzyme

—
Stimulatory factors of Juxtaglomerular appa

extracellular hypovolemic
| BP
decreased Na+ concentration in macu



Angiotensin Il functions:

»Smooth muscle of arteriole =
vasoconstriction
»Adrenal gland = aldosterone secretion

Reabsorption Na+ in 3 zones:

Thick segment of ascending
loop of Henle
DCT
Collecting tubule
»Hypothalamus = ADH secretion = water
reabsorption
In Collecting tubule

Renin-angiotensin-aldosterone system

B ADH secretion by the

Triggering of the renin-angiotensin-aldostienone system

5 neuroiypoplysis ks sbmulaled by
Tha tubuleglomerular feedback system is stmulated by Endothelial cell {lung) angiolansin Il. Water reabsorplion
1. A dapletion of the extracallular fluid compartment in the collecting tubule increases.

[Ty povolemia).
2. A decrease in renal blood pressure (hypolension).
3. A decrease in Na* concentration at the macula densa.

H Antidiuratic

hormaone (ADH)
.. Angictensin-converting "‘
enzyme (ACE)
i Hrpﬂlh.;lamm
- Angiotensin | -l To collecting fubule

a Anciotensin Il ..1......."..5

Juragiomerular galls

n Macula densa

Artenolar vasoconstriction

increases blood pressure
Uriniferous tubule

n The atterent areriole = :
behaves as a pressura recepior '
When bood pressure is reduced, ; ;
i Saciakrnd TERS Decrease in Nat and vater B angictensin 1l stmulates (1) aldostercne secretion by
shmulatad. excretion by enhancament of tha adrenal cortex: (2] arteriolar vascconsiriction, which

raabsorption increases biood pressure; {3} ADH secrefion and thirst; and

{4} reabsorption of NaCl by the prodmal comebulad tubule.

B Delivery of NaCil to the macula densa reguiates the glomerular
filtration rate (GFR) by a process known as lubulogiomerular leedback
The lubuloglomerular feedback mechanism links changes in NaCl
concentration (sensad by the macua densa) with the control of alerent and
efferent arlenclar resistance fo autoraguiate renal blood flow and the GFRL

ED Aidosterone—a steroid hormone secreted by the
Zona glomeruiosa of the adrenal cortex—reduces the
exaralion of MaCl by stimulating s reabsorphion by the thick
ascanding limb of tha koop of Henle, the distal cormoluted
tubube, and the colecting tubula.



FIGLURHE 19=-12 luxtaglomerular apparatus (JGA).

The MzA forms at the point of contsct steeen & naphron’s
distal wbule B} and the vascoular polae of s glemerulus (G).
At that poinl cells of the distal tubule became calumnar &5
a thickened region called the maculas densa (MD). Srocoth
muscle calls of the afferent artericle's (A/) tunica media
are convariad from a contraciile to & scorotary mearehiol-
oFEy s juxtaglemerular granube oslls (JE), Also present ane
lagis cells |L), which are extragiomerular mesangial o=iis
adjacent to the macula densa, the afferent arteriola, and
e effarant arternole (EA). in this sgpaciman the lunens of
prosamal tebebes (P appear Tilbesd and e urinary space
(US) is samewhat swollen. X400, Mallory trichrome.



Renal interstitium:

Located between tubules / ducts / vessels in cortex and medulla

In cortex:
v'Fibroblast like cell ( renal architecture / secretion erythropoietin )
v'Macrophage

In medulla:

“sFibroblast

“*Macrophage

ssInterstitial cell: long nucleus / fat droplet /

secretion medullipin | (vasodilator) / convert to medullipin Il in liver



Renal circulation rVasa recta (artery) = continues epithelium
LVasa recta (vein) = fenestrated epithelium

Rensl eorpusele | B
Altteon] srtaricle - Stellste veln _
{?.ﬂ'nﬂrui.ls._: —_— - P
E!-a:a'tarlsl]'in:l!a —== Lobule ] fbLiy
| = = ' £ interiobular vein
B} Interiobular |
" | = 1 Cubor corfex
‘ -*':a suxlamedullany
oorhex
E  Aeeuste :
= 3 Arcuste [ Interlobar
- ¥ein I|'£|Ir4
Inteslabar
artery W\ i [ g j Hightghts
i\h Tha iterlabar arlssy gves rize b ascusta arlerias,

Interlabular arlsries daoiva Trom the ascueta arlery

5 AHaran| glemsndfzr adarizks darve bom an indsricouzr
Outer medlla i y

Efgrent glormnanuler arbanicles chona ¥ The subsapsuly

Inner medulia : resgicn gihve tisa 1o the peritubular capflary netwari
b P Efferent giomerular artericles cioss t the pratamaduilzry
Pyramid - region give rise b the vasa recla.

The arlerial bicod sapply 1o the cortex s lerminal (no

TR )y T E— . FNAslMngs).



FIGURE 19-3 Blood supply to the kidneys.

I—b—| intedobar arigry |—"

Semartal
arlery |

T

Fanal artary

e | |nbriabsar wain

& coconal view (Beft) shows the major blocd vessels disgram-
matically, with their names, &n expanded diagram (rght)
includes the microvascular components extending into the
cortes, and medulla from the interlobular vessels are shown

AlCUale Ertary

Irsarabular artary

w

Allerera amenale

_,,-F""FH_ Glernerulys

Effersnt arledicia
| ¥ Li
Perilusiglr
capifanas Wasa rezla
{assaciatad [Assnaled wein
with cormealuted | | loop of Hanla)
1ubuigs)

ArcualE vein

Inferfiabuiar wain

on the right. Pink Boxes indicate vesseals with arterial blood
and light Blug indicate the vencus retum. Tha Intervening
lavender boxes and vessels are intermediate sites where most
reabsorbed matesial reenters the blood.



Medullary ray Stellate vein Efferent arteriole

Afferent
arteriole

Interlobular
artery

3y

s T
]

X

3 :.'r-.- '-‘.‘-";' = =

-

S| eh i

— =

Medullary ray

it

= e

Interlobular vein
(distal portion
removed)

“Arcuate artery
and vein

Interlobar artery

Interlobar vein

Renal pyramid

: i
= - =~ Chr— S
= R e —————
e — el

Vasa recta




Arterial and venous portal systems

E Venule
' In general, a capillary network is
+  interposed between an arteriole and a —,
» - venule.
Typical arrangement
. g Capillary Capillary
In the kidney, an arteriole is interposed Afferent arteriole network Efferent arteriole (vasa recta) Venule

+  between two capillary networks, An afferent

i arteriole gives rise to a mass of capillaries,

' the glomerulus. These capillaries coalesce
+ to form an efferent arteriole, which gives rise
\  to capillary networks (peritubular capillary

+  network and the vasa recta) surrounding the
+  nephrons. Arterial portal system

e ol i Capillary or

rteri i in inusoi '
In the liver and hypophysis, veins feed honose i Ssac Y
into an extensive capillary or sinusoid
network draining into a vein. This
distribution is called the venous portal
system.

@ Elsevier. Kierszenbaum: Histology and Cell Biology: An Introduction to Pathology 2e - www.studentconsult.com



I Calyces / pelvis / ureter / urinary bladder epithelium:

I Mucosa:

! Calyces & pelvis = 2-3 layers
" Ureter = 4-5 layers

I Bladder = 6-8 layers

! Muscularis :

I Sup. 2/3 of ureter = circular / longitudinal

; Inf. 1/3 of ureter & bladder = longitudinal / circular / longitudinal

Adventitia : dense connective tissue / renal capsule continued

L e e e m e e e e e e = =

Mucosa

I . 1
Lamina Transitional

propria epithelium

Mucosa

Musculari —— __ g
Adventitia ﬁ‘%w

{a) Ureter cross section (b)
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FIGURE 19=1T Bladder wall and urothelium.

(&)} In the neck of the bladder, near the urathra, the wall shows
four lapers: the mucosa with urothefium () and lamina propeia
(LP}; the thin submucosa (5); inner, middle, and outer layers of

smooth muscle (IL, ML, and OL}; and the adventitia (A}, X15.
H&E.

{b) When the bladder 5 empty, the mucosa is highly folded
and the urathelium (U} has bulbous umbredla cells. X260, PSH.
{¢) When the bladder is full, the mucosa is pulled smooth, the

uroihelium (U} s thinner, and the umbrella cells are figtter,
X250, H&E



The urethra is a fibromuscular tube that carries urine from the
bladder to the exterior of the body.

(a) A transverse section shows that the mucosa has large
longitudinal folds around the lumen (L). X50. H&E.

(b} A higher magnification of the enclosed area shows the
unusual stratified columnar nature of the urethral epithelium (E).

o,

1

e
£ i e

s

This thick epithelial lining varies between stratified columnar
in some areas and pseudostratified columnar elsewhere, but it
becomes stratified sguamous at the distal end of the urethra.
X250, H&E.



Male urethra:

»Prostatic part = 3.5 cm / transitional epithelium

»Membranous part = 1.5 cm / pseudo stratified epithelium

»Spongios part = 15 cm / pseudo stratified & squamous stratified epithelium
> Navicular fossa = squamous stratified epithelium

Lamina propria = fibro elastic connective tissue / mucosal cells ( litters glands)




Female urethra: 4 cm

v'Near bladder = transitional epithelium
v'End part = squamous stratified epithelium
v'Lamina propria = mucosal cells ( litters glands)

'Il e

FEMALE URETHRA [ o

¥




| HISTOLOGY
SAMPLES

Urinary tract



Copyright @2006 by The McGraw-Hill Cormpanias, Inc
All rights reserved.

Bird's-eye view of the renal cortex, which is composed mainly of proximal (F) and distal (D) conwvoluted tubules and renal
glomeruli {G). Pararosanilined€toluidine blue (PT) stain. Low magnification.




© Deltagen inc.

Kidney (labels) - histology slide

This is a histology slide ¢




Copwright @2006 by The McoGraw-Hill Companies, Inc
Al rights reserved,

Renal cortex showing proximal (P) and distal (D) convoluted tubules. Sections can be seen through the vascular pole of
three renal corpuscles where juxtaglomerular renin-secreting cells appear well stained (broken lines). PT stain. Medium
magnification.




Copyright @2006 by The McGraw-Hill Carmpanies, Inc
All rights rezserved.

Renal cortex section showing a proximal conveluted tubule (PCT) with its large cuboidal cells presenting a brush border
formed by numerous microvilli. Distal convoluted tubules (DCT) are also present. PT stain. Medium maanification.



Coperight @2006 by The McGraw-Hill Companies, Inc
All rights rezarved.

Distal convoluted tubules (DCT) characterized by the absence of brush border. Note also a thin portion of Henle's loop (THL)
and a blood capillary (arrowhead). PT stain. Medium magnification.




Copyright @2006 by The MoSraw-Hill Campanies, Inc
All rights rezerved,

Region of the kidney consisting mainly of distal convoluted tubules (DCT) and thin segments of Henle's loop (asterisks).
Capillaries filled with blood appear in red. PT stain. Medium maagnification.




Copwright @2006 by The McGraw-Hill Companies, Inc
Al rights reserved,

Fhotomicragraph of a renal cortex showing parts of two renal corpuscles, macula densa, and distal and proximal convoluted
tubules. The collagen type IV of the basement membrane of the glomerular capillaries is clearly visible (arrows). The
collagen of the parietal layer of Bowman's capsule and the basal membrane of a distal tubule are shown by the arrowhead.
Ficrosirius stain. Medium magnification.




Copyright @20068 by The McGraw-Hill Cormpanies, Inc
All rights rezerved,

Renal cortex showing a distal convoluted tubule with a macula densa formed by closely packed epithelial cells (broken line).
This structure is sensitive to the ionic concentration of the filtrate in the distal tubule and is believed to influence glomerular
filtration. PT stain. Medium magnification.




Copyright 22006 by The McGraw-Hill Cornpanies, Inc
All rights rezerved,

Photoemicrograph of renal cortex. A macula densa is clearly seen (arrow) at the vascular pole of a renal corpuscle.
Picrosiriusa€ hematoxylin (PSH) stain. Medium magnification.



Collecting ducts \

Copyright @20068 by The McGraw-Hill Cormpanies, Inc
All rights rezerved.

Fhotomicrograph of renal medulla with two collecting ducts consisting of cuboidal cells resting on a basement membrane. In
this hypertonic region of the kidney, because of the action of the hypophy=seal antidiuretic hormone, water 1= reabsorbed,
controlling the water balance of the body. PT stain. Medium magnification.
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Glomerulus - SEM

This is a scanning electron micrograph of a glc ulus.

Image courtesy of EM Research Services, Newcastle University.




Glomearylum |

b

STt

Kidney, mouse - SEM

Glomerulum of mouse kidney in Scanning Electron Microscope. Magnifica
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Kidney, mouse - SEM

Inner view of fene

n capillary of glomerulus in Scanning Electron Microscope.

Magnification 100,000x.




Kidney, mouse - SEM

Glomerulum of mouse kidney in Scanning Electron Micro
Magnifica (

Image courtesy of Wikimedia Commons, u
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Glomerulum of mouse kidney with broken capillar
Microscope. Magnification_10,

Image courtesy o f Wikimedia Commons, user SecretDisc.

Permission is granted to copy, distribute and/or modify this document under the
terms of the GNU Free Documentation License, °
published by the Free Software Foundation; with no Invariant Sections, no
Front-




Kidney (labels) - EM

This is an electron micrograph that shows a portion of 1 capillary loop with
adjacent mesangium. The endothelial cell nucleus sits over the origin of the
mesangium, which is where it is usually found. A few pores through the
endothelial cytoplasm can be seen. The glomerular basement membrane lamina
lucida externa is the thin lucent zone just under the foot processes of the
visceral epithelial cell. The bulk of the basement membrane is the lamina densa.




Juxtaglomerular cells and extramesangial cells




URETER

9 Transitional epithelium

2 Circular muscle layer

1 Adipose tissue

3 Longitudinal ——*"‘7?
b
I‘ |
i

)
© ©
= ]
[} T e S
¥ o
=2 = = mm.uf
3 SEE 25D
© 82 . o o 2E 9
£ 233 28 2583
|5 2ED 3 =23
a S= 2 =3 S g E O
> = Qo o T co3
o - o = > < & 0 2
o gt o~
= = N

~ §

muscle layer

4 Lumen
5 Lamina propria

& Adventitia

Transverse section.

Stain: hematoxylin-eosin. 50x.

Fig. 1.



Ureter

Al rights rezerved,

Photomicrograph showing the main companents of the ureter, which consists of an inner layer of transitional epithelium, a
highly vascularized connective tissue, a smooth muscle layer, and an auter layver of connective tissue. PT stain. Low
magnification.




Ureter (labels) - histology slide
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Bladder (empty)




Bladder (empty)

Copyright @2006 by The McGraw-Hill Companies, Inc

All vights rezerved,
Compare the structure of the transitional epithelium when the urinary bladder is empty (A) or full (B). When the bladder is
full, the capacity of epithelial cells to slide upon one another reduces the thickness of the epithelium. &s a result, the interior
surface of the bladder increa=zes. In B, note the thin strand=s of collagen fibers =eparating bundles of emooth muscle cells.

PSH stain. Medium magnificatian.




Bladder (labels) - histology slide

b ey —

5 from the bladder.




Bladder (labels) - histology slide

This histology slide is from the bladder.




Fig. 1. Wall (transverse section). Stain: hematoxylin-eosin. 40x.

1 Smooth muscle
bundles of
the muscularis

5 Transitional
epithelium: deeper
layers of rounded or
oval cells

2 Lamina propria

6 Superficial columnar or
cuboidal cells

7 Thickened outer
plasma membrane

3 Arterioles
8 Capillaries

9 Superficial squamous

4 Vein cells



Transverse section H&E 160x

URINARY BLADDER (SUPERIOR PART)

1 Smooth muscle
bundles (sectioned in

various planes)
6 Folds in the mucosa

2 Interstitial connective
tissue

3 Capillaries

7 Transitional epithelium

-
4 Superficial connective
tissue

8 Lamina propria

5 Peritoneal

L mesothelium

9 Smooth muscle
bundles
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Bladder (labels) - histology illustration

W

rtical section of bladder wall.



Bladder (labels) - histology

This is a histology slide of the bladder.




