Urinary System

Kidney Structure
kidneys, ureters, bladder & urethra
Capsule
Kidney Function Hilum

Filters blood
- removes waste products
« conserves salts, glucose,
proteins, nutrients and water

« ureter — renal pelvis
— major and minor calyxes
« renal artery and vein
— segmental arteries
— interlobar arteries
— arcuate arteries
— interlobular arteries

Produces urine

Endocrine functions
« regulates blood pressure

Medulla
« produces . rena_l pyramids
* renin « corticallrenal columns
« erythropoietin

 prostaglandins

Cortex
« converts vitamin D to active form

« renal corpuscles
« cortical labryinth of tubules
« medullary rays

Renal Lobe

Renal Lobule
= renal pyramid & overlying cortex

= medullary ray &
surrounding cortical labryinth

Uriniferous Tubule
Nephron + Collecting tubule

Cortex Nephron

Renal corpuscle produces glomerular
ultrafiltrate (180 L per day) from blood
et Ultrafiltrate is concentrated
« Proximal tubule
« convoluted
« straight
« Henle’s loop
« thick descending
« thin
« thick ascending
« Distal tubule
« Collecting tubule

Medulla

Papilla

Calyx

Urine (1-2 L per day) secreted from
llecting ducts into cal

Yy



Renal Cortex

: Mo : :
Glomerulus surmounded Meduliary rays (cross section)
by cortical labyrinth

Sobotta & Hammersen: Histology

Renal Corpuscle

Urinary / Bowman’s
space

parietal
Bowman’s < layer
capsule
visceral
layer

Glomerulus

Renal Cortex

Medullary ray
= collecting tubules

Renal corpuscle
= glomerulus + Bowman’s capsule

Cortical labyrinth
of tubules

Juxtaglomerular apparatus
+ macula densa in distal tubule
S et ol « JG cells in afferent arteriole
ayer of « extraglomerular mesangial cells

Glomerulus

« fenestrated capillaries
+ podocytes
« intraglomerular mesangial cells



Renal Corpuscle

Intraglomerular Mesangial Cells

« Support capillaries

« Phagocyt basal lamina
Vascular
pole « Vasoconstrict in response to
angiotensin Il
Urinary
pole
Sobotta & Hammersen: Histology
+ Endothelial cell
+70-90 nm fenestra restrict proteins > 70kd Podocytes
. . . + Basal lamina
Uri nary Filtration « heparan sulfate is negatively charged
. by jal cells &
Membrane - phagocytosed by mesangal cells
* Podocytes
+ pedicels 20-40 nm apart

« diaphragm 6 nm thick with 3-5 nm slits
. in in is i

charged

Urinary Membrane




Juxtaglomerular Apparatus

Macula densa in distal tubule
+ monitor Na* content and volume in DT
+ low Na+:
« stimulates JG cells to secrete renin
« stimulates JG cells to dilate afferent arteriole
« tall, narrow columnar cells
* numerous microvilli

Proximal tubule
« proximal convoluted tubule
« thick descending limb Henle’s loop
JG cells
« secrete renin into circulation
« renin converts angiotensinogen — angiotensin |
« contain angiotensin converting enzyme (ACE)
« lung is principal site of ACE activity
+ ACE converts angiotensin | — Il
« contain angiotensin 1 & Il

Henle’s loop
« thin descending & ascending limbs

Distal tubule
« thick ascending limb Henle’s loop
« distal convoluted tubule
* macula densa in DCT

n and
secretion of aldosterone and ADH Collecting tubule & duct
Mesangial « primarily in afferent arteriole
cell « specialized smooth muscle cells
3G cell * no basal lamina between JG cells & macula densa
Macula Extraglomerular mesangial cells
densa « also known as Polkissen or lacis cells

Proximal Convoluted Tubule Henle’s Loop (thin segments)

« Cuboidal (low to high) cells
« Eosinophilic granular cytoplasm + Squamous cells
« Basal nuclei « slightly thicker than endothelial cells

« Elaborate brush/striated border + Few short microvilli

« Lateral interdigitations « Lateral interdigitations

« Descending limb

« highly permeable to water, salt and urea
« Resorbs 100% protein, amino acids, glucose,

creatinine, and bicarbonate ions

+ Resorbs 70-80% of Na*, CI-, and water
« Na*/K* pumps in basolateral membrane
+ Na* pumped into interstitium
« CI" and water follow

« Ascending limb
« impermeable to water
« permeable to salt which enters interstitium

« Secretes waste products into lumen



Distal Tubule
(DCT & thick ascending limb of Henle’s loop)

« Low cuboidal cells
+ Clear pale cytoplasm

« Apical nuclei (DCT)
« Central nuclei (Henle’s loop)

+ Numerous mitochondria

« Absent (or few short) microvilli
« Basal interdigitations

+ Numerous zonula occludens

+ Not permeable to water or urea

« Active Na*/K* pumps (DCT)
+ aldosterone stimulates salt resorption
« H* and K* transported into lumen

« Active CI- pumps (Henle’s thick)
« CI" enters interstitium (Na* follows)

Collecting Tubule & Duct

« Cuboidal to columnar cells
« Clear cytoplasm
« Central nuclei

« Permeable to urea
p to ADH, b permeable to

e Inr
water which enter the interstitium

Renal Medulla

« Collecting tubules/ducts
* Henle’s loop (thin segments)

« Capillaries of vasa recta

Than seqment
of Hanie's loop

Biood capstary

Sobotta & Hammersen: Histology

Gartner & Hiatt: Color Textbook of Histology

Renal Cortex

Proximal tubule Distal Proximal tubule Henle’s loop
(convoluted) tubule (straight) (thick)
e ot ave - .

Collecting tubule

Sobotta & Hammersen: Histology



TABLE 19=3  Structure and Function of the Uriniferous Tubule

mwm
MAJOR FUNCTIONS

cm;-dr Filtraeam Pl Iaree, el e, e
Yl L, eratiom oty
%‘?ﬁ“m"’“‘pm

[E— e [y e —
m.pmuqum— Lyl ket ko with B
of ubtrafitrate’; pesoryison o 1009 e
s ki gl g, I

m Thin Liws of Loy el mnﬂud walts  Uhteafilesty bs by
ek e e o e

Aenle's Iredming vulusen of whrabltras Whacal wima sirers
ﬂn‘kt‘umrpﬁh
Asnading Thin Liveb of Imgerimsabie 10 watvr, p—mnﬂ m Ultsafiisate i Ingetos: with wped o
Henle's Loy ke selives avel chboviche whuike Dhimek e b senal iierstilinm
Siigle wquarress eyt el bkt sl pmts the hurem. of ubsele
Thick Liwb of  logeealie i watrr, chwide sl s Utealirate beomes. byps ok s re-
Hionle's I:L lewve fudrike b wvsber rrinal bober et b likeels chl oy i s
Syl ruleidd epelebum st kel sl membeare b reapmible for
o catabinhimet of ot
L - il g
Maruls Dexss: Mt soliuen loved and visbarse ol b Couaets sl oomapmioatrs with pistaghe:
Simple cubumiat orll eraliltrate in havieen of istal ulssle menlar ol
}wﬂurﬂ- Syuthesare sl pelesse srain s bl Hein initistes the reaction, fer the o
i el ke strwam il omsations o argguntemsin 10
Table 19-21
Diel Comeolutod Tiduile rosnrhing s Ul L i
Simple exbokdal oplileliimm ||--uld|luu.i-rw\-m G T S - -
anp membeane; potas-
shuiin b wecrotedd b the lusien
Collting, Tl n.}.,..._-.'mn...m_lm [T — e
Simphe cubuadsl epahelium e the renal in- dmlnhr“-m_ hr—'aqu-
"“""' bk fus gritbesi 1of voscestration i i
ettt of gt e medalls

Angiotensin Il Regulation of Blood Pressure

TABLE 19-2 Effects of Angiotensin Il

FUNCTION RESULT

Acts as a pobent vasoconstrctor Inereased blood pressire

Facilitates synthesis and release of Resorption of sodium and chloride from In-

:h@ems:: men of distal comvoluted

tubule

Fucilitates release of ADH Resorption of water from lumen of mﬂledﬁu
tubule

Inereases thirst Inereased tissue fluid volume

Inhibits renin release Feedback inhilition

Facilitates release of prostaglandins Vasodilution of afferent glomerular am@la.

thus maintaining glomenikar f

Formation of Urine

Countercurrent Multiplier
System

Increasing osmolarity gradient
exists from corticomedullary
junction to deep in medulla

** due to high urea and salt content
deep in medulla

*Descending thin Ilmb of Henle Is freely permeable to water and salt
+Duetoi lumenal volume decreases and osmolarity increases
+ Ascending (thin and thick) Ilmb of Henle and DCT are not permeable to water
+ Lumenal volume does not change
* Urea enters lumen
+ CI pumped into interstitium (Na* follows)
— increases salt deep in medulla
— ultrafiltrate becomes hypoionlc as it ascends
« Without ADH: i to water
+ ADH (pars nervosa of pntunary) makes i freely to water and urea
— urine volume, and increases urine tonicity
— Im:reases urea contem deep in medulla to maintain interstitial osmolarity gradient

Angiotensin Il Regulation of Blood Pressure

Increased Ma+

Increased Hy0
raton

Burns & Cave: Histology & Cell Biology



Additional Regulators of Kidney Function

Atrial Natriuretic Peptide (ANP)

. d by atrial i yocy

« Function
« decreases renin release
« decreases aldosterone release
« blocks resorption salt and water
« decreases blood pressure

Alcohol

« decreases ADH release

Caffeine

« increases salt resorption in DCT

Vasculature of Kidney

Renal Segmental Interlobar Arcuate Interlobular
— — — —
artery artery artery artery artery

|

Afferent glomerular
arteriole

|

Cortex Glomerular capillaries

Peritubular
Interlobular — Stellate «— capillary Efferent glomerular

vein vein network  Cortical arteriole

nephrons

Arcuate vein «——— Vasa rectae

!

Interlobar vein

!

Renal vein

Vasa Rectae

« Peri capillary sy in
+ Freely permeable to water and salts

« Counter current exchange system:
equilibrates contents of medullary
interstitium and vasculature

Urine is excreted through
« Calyxes and renal pelvis
« Ureters
« Urinary bladder (storage)

« Urethra

Netter: Atlas of Human Anatomy



Sobotta & Hammersen: Histology

Ureter

+ Muscosa - transitional epithelium
« Lamina propria

« Muscularis — th I
« Inner longitudinal
« Middle circular
« Outer longitudinal (lower 1/3)

=y

Urethra

* Mucosa
« varies from transitional to stratified columnar to
pseudostratified columnar to stratified squamous in
different regions

« Lamina propria
« contains glands of Littre
« highly vascularized

« External urethral of

« In the male, 3 regions:
« prostatic
+ membranous
* penile or spongy

Sobotta & Hammersen: Histology

Gartner & Hiatt: Color Textbook of Histology

Urinary Bladder

« Mucosa - transitional epithelium
« provides osmotic barrier

« Lamina propria

* Muscularis — smooth muscle
« inner longitudinal
+ middle circular
(internal urethral sphincter)
« outer longitudinal




