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James A. Shannon, Robert
Berliner, and Homer W. Smith
(center) prior to Smith’ s
lecture on April 26, 1960
(NIH, Bethesda, Maryland,
USA).

| @ [Fo-Gov |
National Library of Medicine

(1939)



ODbj ectives Renal Histology:

Study the general organization of the kidney and how cortical and medullar
structures relate to each other.

Follow the blood supply distribution network throughout the kidney tissue.

Define the nephron as the principle functional unit of the kidney.

L earn about the different renal glomerular components and how they
accomplish blood filtration.

Discuss filtrate conditioning by the proximal convoluted tubules.

Study the changes in the epithelial lining along the nephron and collecting
tubules and how they tie into the physiological role of the kidney

Understand the organization and function of the different postglomerular
blood vessels.

Recognize the cellular components of the juxtaglomerular junctions and
their physiological roles.

L earn about the histological appearance of the ureter and bladder.




Kidney Functions:

Filtration of most small molecules from blood plasma
to form afiltrate.

Selective reabsorption of most of the water and other
molecules from the filtrate, leaving behind waste
products to be secreted.

Secretion of some excretory products directly into the
filtrate (e.g., H* by Na*/H* exchanger).

Endocrine functions. Maintenance of blood pressure
(renin-angiotensin-aldosterone system), synthesis of
erythropoietin, and activation/nydroxylation of 25-OH
vitamin D, (Ca?* metabolism).



| # [Pecow | U.S. Federal Government [ & [PotEL | Wheater’ s Functim_'lal _Hjstology; 4th ed!tion,. 2000, Young
and Heath; Churchill Livingstone Elsevier Fig.16.3

The kidney is subdivided in lobes with medullary and cortical areas




Medium magnification of a
single kidney |obe:
The medullais characterized
by long straight tubules,
which extend into cortical
areas. It has atriangular
shape with the tip pointing
to the hilum (medullary
pyramid)

[ & [rewee_ | Wheater’ s Functional Histology; 4™ edition, 2000, Young
and Heath; Churchill Livingstone Elsevier Fig 16.5
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The nephron isthe principle
‘unctional unit of the kidney. There
are about 1.3 million nephronsin a
1ormal human kidney. It consists of
a ball-shaped renal or Malpighian
corpuscle, which carries out blood
filtration, and a long tubular part,

which carries out filtrate
conditioning and processing.

[ & [po-mxe | Gray’' s Anatomy



| & [pocow | U.S. Federal Government

[ & [pe-mxe | Gray’ s Anatomy

| & [ro-teEL_ |Histology — A Text and Atlas; 5% edition, 2006, Ross and
Pawlina, Lippincott Williams and Wilkins Fig 20.6



Arteriogram of a human
kidney:

Blood supply and drainage
Isviathe hialum by the
rena artery and the renal vein,
respectively.

[ & [re-teeL | Histology — A Text and Atlas; 51 edition, 2006, Ross and
Pawlina, Lippincott Williams and Wilkins Fig 20.6



| nterlobar arteries
split at the cortico-
medullary junction into
arcuate arteries.
Arcuate arteries branch
Mt Interlobular arteries,
Intralobular arteries,
which both supply
afferent arterioles.

Piotr Michat Jaworski, Wikipedia

1. Renal pyramid 10. Inferior renal capsule
2. Interlobar artery 11. Superior renal capsule
3. Renal artery 12. Interlobar vein

4. Rena vein 13. Nephron

5. Renal hylum 14. Minor calyx

6. Renal pelvis 15. Magjor calyx

7. Ureter 16. Renal papilla

8. Minor calyx 17. Rena column

9. Renal capsule



Blood filtration takes maz K3
place in the renal e/
corpuscle through the
walls of the Merdl (5L
capillariesin the
renal corpuscle. The . SAVAY P
residual blood
components are \ et
drained by the
efferent arteriole.

| & [eo-mxe | Gray’ s Anatomy



| # [ro-mx¢ | Reproduction of Gray's figure 1130 by Mysid, Wikipedia.

The capillary system of arenal corpuscleis called the glomerulus




Scanning electron
micrograph of a
cast of severa
glomeruli

[ & frowe |
Color Atlas of Histology; 1992; Erlandsen
and Magney; Mosby Book Fig 18-4



Blood supply of a
glomerulusis
supplied by the
afferent arteriole and
drained by the
efferent arteriole.
Both arterioles enter/
exit the renal
corpuscle at the
vascular pole.

L&
Wheater’ s Functional Histology; 4t edition, 2000, Young
and Heath; Churchill Livingstone Elsevier Fig 16.10



| ® [ro-mmme | Color Atlas of Histology, 1992, Erlandsen and Magney, Mosby Book Fig 18-8

Therenal blood filtration barrier consists of a specialized basement
membrane and two cellular components, the fenestrated (diameter
50-100 nm) capillary endothelium and the podocytes.




Extensions of the
podocyte cell,
called pedicels,
wrap around the
capillary system
of the glomeruli

Color Atlas of Histology, 1992,
Erlandsen and Magney, Mosby
Book Fig 18-10 [ & [eo-rwei |



Artistic illustration of the renal filtration barrier




The pedicels of the podocytes form filtration dlits, which are on average
about 25 nm wide.




The renal filtration
basement membrane is
240-350 nm thick and is
produced by both by
podocytes and capillary
endothelial cells. Itisrich
In negatively charged
glycoproteins. Sinceitisa
double basement
membrane, it contains two
laminararalayers. It will
exclude particles larger
than 10 nm and 60,000 to
70,000 Daltonsin size.

| ® [ro-theL | Color Atlas of Histology, 1992, Erlandsen and Magney, Mosby Book Modified from 18-11



[ ® [re-twee | “Concise Histology” by Fawcett and Jensh, 1997, Chapman & Hall Fig 21-8

Electron micrograph of the renal filtration barrier



[#® fee-wEL_| A Text and Atlas; 5 edition, 2006, Ross and Pawlina, Lippincott Williams and Wilkins Fig 20.10

Mesangial cells maintain the glomerular basement
membrane and also contribute to its formation.




Electron micrograph
micrograph of a
mesangial cell.

In response to
angiotensin |1 the
extensions of mesangial
cells contract and reduce
the blood flow through
the glomerular
capillaries. Atrial
natriuretic peptide (ANP)
causes mesangial cellsto
relax.

ell and Tissue Ultrastructure — A Functional Perspective; 1993;
d Mercer, Freeman and Co. Fig. page 325



Bowman’ s capsule has a
visceral (podocyte layer) and a
parietal cell layer (ssmple
sguamous epithelium).
The primary filtration product
IS collected between the two
layers in the urinary space and
Is drained from the rena
corpuscle at the
urinary pole.

@ o]
National
Modified by M. Hortsch from Wheater’ s Functional Histology; 3™ edition, 1993, Burkitt, Young, Library of
and Heath; Churchill Livingstone Fig. 16.19 | & [pacinis |

Medicine



At the urinary pole starts
the proximal convoluted
tubular system (PCT).

(& owe |
Color Atlas of Basic Histology, 1993,
Berman, Appelton and Lange Fig 16-8



The PCT system has a
simple cuboidal
epithelium, that contains
a characteristic apical
brush border.




The PCT section is the
longest subregion of the
nephron tubular system
(in humans about 15 mm).
Therefore, in the cortex
MOSt Cross-sections of
tubules will represent PCT.

Color Atlas of Basic Histology, 1993, Berman,
Appelton and Lange Fig 16-7 | & [ro-reec |



This electron micrograph
ows the characteristic
brush border and
numerous
that provide energy for
various pump and
salvage processes.

| & [PoAmL_ |
Cell and Tissue Ultrastructure — A Functional Perspective;
1993; Cross and Mercer, Freeman and Co.page 329



The PCT epithelium is sealed
<+« Dy tight junctions.

Salt and small nutrient
molecules are transported to
the basal aspect of the
epithelium.

The basolateral plasma
membrane is enriched in Na
*/K*-ATPase complexes,
which act as sodium pumps.

[ ® [re-awEL | Source Undetermined



Theintial and the |ast segment
of the Henle” sloopislined by
a simple cuboidal epithelium
The middle segment or thin
limb of Henle’ sloopislined
by a simple squamous
epithelium.

Original from Basic Histology — Text & Atlas; 10t edition, 2003;
Junqueira and Carneiro, Lange McGraw-Hill Figure 19-16

Transver se section of pyramidal substance of kidney of pig, the bloodvessels
of which are injected. a. Large collecting tube, cut across, lined with
cylindrical epithelium. b. Branch of collecting tube, cut across, lined with

cubical epithelium. ¢, d. Henle’s loops cut across. e. Bloodvessels cut across.
D. Connective tissue ground substance.

| ® [so-mxe | Source Undetermined, Wikipedia



The PCT turns into the loop of Henle and continues downwards
Into the medulla. The initial segment is the straight descending
thick limp (simple cuboidal epithelium with an apical brush
border). Around the outer part of the medulla it abruptly changes
Into the thin descending limb, loosing its brush border and
turning into a simple sguamous epithelium.

“Concise Histology” by Fawcett and Jensh, 1997, Chapman & Hall Fig 21-12
Originally Osvaldo and Latta J. of Ultrastructure Research 15: 144, 1966



[ #® fee-wee_| Human Histology, 2" edition, 1997, Stevens and Lowe, Mosby Fig 15.19

The thin limb of the loop of Henle has a similar
appearance as blood capillaries.



| ® [ro-tmee | Color Atlas of Histology, 1992, Erlandsen and Magney, Mosby Book Fig 18-18

In the medullathe thin limb of the loop of Henle makes a turn back
towards the renal corpuscle at the beginning of the nephron.



[& [pomxe__|Gray’ s Anatomy

Histological differences
between the outer and the

Inner (deep) medulla

Outer medulla

| ® [Po-teeL | Japanese slide set (Humio
Mizoguti, Department of I nner medul | a

Anatomy, Kobe University
School of Medicine, Slides
#454 and #458



The Distal Convoluted
Tubule (DCT)
IS shorter (about 5 mm In
humans) than the PCT
segment and has no apical

VS.
ICi%lé%xtmlok of Histology; 3 edition, 2007; Gartner and
Hiatt; Elsevier Figures 19-12 and 19-13 PCT DCT



[ & [romwee_ | Wheater’ s Functional Histology; 39 edition, 1993, Burkitt, Young, and Heath; Churchill Livingstone, Fig 16.18b

PCT = Proxima Convoluted Tubule
DCT = Distal Convoluted Tubule



DCT from severa nephrons
release the processed filtrate
Into collecting tubules,
which merge to form
collecting ducts.

Transver se section of pyramidal substance of kidney of pig, the
bloodvessels of which are injected. a. Large collecting tube, cut across,
lined with cylindrical epithelium. b. Branch of collecting tube, cut
across, lined with cubical epithelium. ¢, d. Henle’s loops cut across. e.
Bloodvessels cut across. D. Connective tissue ground substance.



Collecting tubules can be
recognized by aclear |ateral
demarcation between
nelghboring epithelial cells.

In contrast to the other tubular parts
of the nephron, lateral membrane
Infoldings and interdigitations are

missing, making the lateral cell
contacts more visible.

(@ [eotem | )
Color Atlas of Basic Histology; 1993; Berman; Appelton and Lange, Fig 16-13



Collecting ducts are formed
by the fusion of collecting
tubules and extend towards
the renal papilla and the
renal calyx.

| & [Po-TAEL_ |
Color Atlas of Basic Histology; 1993; Berman; Appelton and Lange Fig 16-14



[ ® fee-wee_| Human Histology, 2" edition, 1997, Stevens and Lowe, Mosby, Fig 15.36

The large collecting ducts at the tip of the
medullary pyramid are referred to as the ducts
of Bellini. Thefinal processed filtration product
IS collecting in the major calyces.

Source Undetermined, Wikipedia

L@ [Fomxe |




Changes of the lining

epithelium along the
nephron and the

Original from Basi Histology — Text & Atlas; 07 eion, 2003 collecting tubules/ducts

Junqueira and Carneiro, Lange McGraw-Hill Figure 19-16




300 mOs

Flow of the renal filtration
flurd and selective removal
of salt and water creates an
osmolarity gradient between
cortical and medullar
regions.
Thisiscaled the
counter-current multiplier
system.

1200 mOs

[ & [ppem |
Human Histology, 2" edition, 1997, Stevens and Lowe, Mosby Fig 15.20



Aldosterone
INncreases sodium
uptake in the DCT.
ADH (Antidiuretic
hormone) regulates
the water
permeability of the
distal part of the
nephron and
thereby influences
the volume and
concentration of
the final filtration
product.

[ @ [rewee_ | Wheater’ s Functional Histology; 4t edition, 2000, Young and Heath; Churchill Livingstone Elsevier Fig. 16.21



The efferent arterioles split into
a second capillary system, the
peritubular network, which
nourishes and supplies the
convoluted tubles.

The peritubular capillary
endothelial cellsarealso a
source of erythropoietin.

Cortico-medullary nephrons
also extend a capillary branch
deep into the medulla. These
capillaries are called the vasa

recta system.

[ ® feo-met | Human Histology, 2" edition, 1997, Stevens and Lowe, Mosby Fig 15.4a



The vasarecta
capillaries follow the
collecting tubules/
ducts into the deep
medulla.

(@ [ropwm |
Human Histology, 2" edition, 1997,
Stevens and Lowe, Mosby Fig 16.35b



300 mOs

The vasarecta capillaries pass
through aregion of high
osmolarity. Thisresultsin an
exchange of blood fluid/water.
Thisiscalled the
counter-current exchange
system.

1200 mOs

(& Pogum |
Human Histology, 2"d edition, 1997, Stevens and Lowe, Mosby Fig 15.25



| ® [reteeL | Human Histology, 2" edition, 1997, Stevens and Lowe, Mosby, Modified from Fig 15.28a

The juxtaglomerular complex (shown by D) has
Important control and regulation functions.




[ ® [re-wee | Human Histology, 2" edition, 1997, Stevens and Lowe, Mosby, Fig 15.28b

The DCT passes
between the afferent
and efferent arteriole at
the vascular pole of the
renal corpuscle. A
thickening inthe DCT
epithelium signifies the
macular densa. The
macula densa regulates
mesangial and
juxtaglomerular cells
and thereby influences
the blood flow through
the glomerular network
and the blood pressure
and the renin-
angiotensin system
(see next dlides).




| ® [ro-tmec | Color Atlas of Histology; 1992; Erlandsen and Magney; Mosby Book Fig 18-20
| & [ro-sow | National Library of Medicine

Specialized smooth muscle cellsin the afferent arteriolar wall (called
Juxtaglomerular cells) produce the hormone renin as shown in this
Immunocytochemical micrograph. Renin or angiotensinogenase is an enzyme
with a proteolytic activity that cleaves angiotensinogen into angiotensin |.




Renin secretion
Istriggered by
ATPrelease
from the
macular densa.
|t iInduces the
activation of
angiotensin,
which in turn
Induces the
rel ease of
aldosterone,
resulting in

sodium and e A Rad, Wikpedia
water retention
In the kidney.



The ureter islined by a
transitional epithelium
and has arather
disorganized smooth
muscle layer.

(& [Pomne. ]

Color Atlas of Basic Histology; 1993; Berman; Appelton and Lange Fig 16-17



| ® [ee-mwer | Michigan Medical Histology Slide Collection Slide 212

Relaxed transitional epithelium

| ® [pe-teeL | Michigan Medical Histology Slide Collection Slide 19-1

Distended transitional epithelium



| ® [Po-meeL | Source Undetermined | % [eo-meeL |Source Undetermined .. . .
Relaxed transitional epithelium

[# [Pe-meL | Source Undetermined L& [rone | Source Undetermined - _ _
Distended transitional epithelium



& Iro-mEL | Color Atlas of Basic Histology; 1993; Berman; Appelton and Lange, Fig 16-18

Similarly, the bladder islined by atransitional epithelium
and has three rather unorganized smooth muscle layers.
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