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The urinary system includes:

Kidneys

l

Ureters

\

Urinary bladder

\

Urethra

Kidney

Kidney
(cut open)

Ureter

- Bladder

Urethra



Functions of the urinary system

e Excretion of metabolic wastes

* Regulation of ion, salt and water
concentration of body fluid

e Synthesis




Kidney Structure

Kidney
Lobe

Capsule

The number of lobes in a .
kidney equals the number of | !_
medullary pyramids -

/

k= % Cortex
Renal =
Pelvis =
= Medullary
Pyramid

‘/%M

'

\

Ureter \
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Cortex: outer layer, granular
appearance (due to many

narg  COTpuscles)
pyramids

Medulla: darker striped appearance
(due to tubules)

Inner fayer of v" Subdivided into distinct renal
renal capsule

S pyramids, terminating with a
papilla.
i ooy ol v’ Separated by renal columns from
the cortex.
renal column

Pelvis: Expanded
capsule proximal part of
ureter




Nephron = functional unit of the kidney

1. Renal Corpuscle
(Glomerulus + Bowman’s Capsule) Proximal  capsule

convoluted

tubule \

2. Proximal Convoluted Tubule (PCT)

3. Loop of Henle (LOH)

4. Distal Convoluted Tubule (DCT)

Descending

Limb of

Loop of \ Distal

Henle convoluted
tubule

——— Collection duct

o
/ \* . Ascending
Limb of Loop
f Henl
Loop of Henle ¢/,  of Henle
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Production of urine

Glomerular filtration

¢

Tubular Reabsorption

.

Tubular Secretion

REABSORFTION AHD SECRETION



Renal Corpuscle

~>
The glomerulus - a tuft of capillaries The renal or Bowman’s capsule - a
composed of 10 to 20 capillary loops double-layered epithelial cup

The glomerular capillaries are supplied by an afferent arteriole and are drained by an
efferent arteriole

Endothelial cells have fenestrations (blood cells can’t go through)
Vascular pole — a part of glomerulus where aff. arteriole enters and eff. arteriole exits

l—— Renal corpuscle Renal clorpuscle

Bowman's capsule '

Efferent arteriole

Granular
juxtaglomerular
cells

Macula densa
cells of the
distal tubule
Mesanglial cell
Afferent arteriole
L ' |
Juxtaglomerular
apparatus

Copynight @ 2001 Baenjamin Cummings, an imprint of Addison Weslay Longman, Inc.



Renal Corpuscle
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A-arteriole; b-parietal layer of

BC; c-PCT; d-podocyte (visceral layer of BC)



Renal Capsule

v'Two layers — external (parietal) and internal (visceral)

v'Space between the two layers — urinary (Bowmen’s
space)

v'From urinary space the filtrate enters PST

|
Glomerulus Bowman's capsule

I—— Renal corpuscle Renal corpuscle

Efferent arteriole

Granular
juxtaglomerular
cells

Macula densa
cells of the
distal tubule

Mesanglial cell

Afferent arteriole

|
Juxtaglomerular
apparatus

Copynight @ 2001 Banjamin Cummings, an imprint of Addison Wesley Longman, Inc.



Internal layer of capsule -
podocytes

Podocytes — a type of epithelial
cells:

v'have long primary processes
and interdigitating foot
processes (pedicles) which grasp
capillaries like fingers

v'Filtration slits — spaces
between the pedicles




Glomerulus and Bowman’s Capsule

Afferent
arteriole

Efferent
arteriole

Glomerular
capsular space

of glomerular
capsule
Proximal convoluted

tubule
Glomerular capillary

covered by podocyte-
containing visceral layer
of glomerular capsule

Glomerular capillary

endothelium (podocyte
covering and basement

membrane removed)

Fenestrations
(pores)



Filtration barrier

1. Fenestrated Capillary Endothelium

2. Basement membrane

3. Filtration Slits between pedicles of podocytes
in the visceral layer of Bowman’s capsule

4. The volume of ultrafiltrate is about 180 L/day

paniatal epithalial cells parietal layer
basal lamina of Bowman's capsule
glomerular basemant
membrane
endothealial calls

with fenestrations

filtration slit

foot process of

podocyte podacyte

subpodocyte
andothelial oo
surface

layer s— Urinary space

glomerular capillary

Albuminuria (presence of significant amounts
of albumin in the urine) or hematuria
(presence of significant amounts of red blood
cells in the urine) indicate physical

or functional damage to the GBM.



The renal corpuscle contains an additional group of cells called mesangial cells.
Functions:

¢ Phagocytosis - remove trapped residues and aggregated proteins from
the GBM and filtration slit diaphragm, thus keeping the glomerular filter
free of debris.

e Structural support.

e Modulation of glomerular distension - Mesangial cells have contractile
properties.

l— Renal corpuscle Renal corpuscle

Efferent arteriole

Granular
juxtaglomerular
cells

Macula densa
cells of the
distal tubule

Proximal ' Q D oy e’ 7
convoluted ‘ \
lbule ' Mesanglial cell

Afferent arteriole

Copynight @ 2001 Benjamin Cummings, an imprint of Addison Wesley Longman, Inc.



Tubular Reabsorption

REABSORPTION AMD SECRETION

e Absorption of water,
ions, glucose, amino
acids and proteins back
to the blood

 85% - in the proximal convoluted
tubules



Tubular Secretion

 Some substances (K, H,
ammonium, creatinine, some
medicine and etc.) exit from
surrounding capillaries into the
lumen of tubules

REABSORPTION AND SECRETION
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Proximal Convoluted Tubule

Proximal tubule Distal tubule
(j) Parts of a nephron

 Reabsorbtion:

— 65% ions of Na, Cl and water,
80% ions of P and bicarbonate,

80% of Ca' Bowman's Descendin | Ascending (
0 capsule . "6 90 | limb of loop !
— 100% glucose 'mbegingw / ends
— 100% protein ( Collecting—1}-
— 50% urea | 08 duct lg
* Secretion: |
. m |
— H+ n NH4+, creatinine, Descending —{ {—Ascending ]’
acetylcholine, dopamine, limb ¥ limb \ “/
adrenalin, histamine : g}
. . . . epqe L Loop of
— Fatty acids, bile acids, penicillin Henle

To bladder



Tubular Epithelium

Ao\

Microvil Bucious [;;’ w

. " 9;}

Mitochondria <,/ ‘

0
NEPHRON

Efferent
arteriole

Capsular
arteriole ¥

Descending |
limb of
loop begins
Parietal (capsular)
. epithelium

7 Visceral (glomerular)

P\ epithelium
Capillaries of 1

glomerulus «J

Thin ascending

limb

Renal corpuscle

descending
limb

Descending limb

Production of

filtrate fanerkng

limb

Loop of Henle

Further reabsorption
of water {descending
limb) and both sodium
and chloride ions
(ascending limb)

Distal convoluted tubule

Secretion of ions, acids, drugs,
toxins

Variable reabsorption of water,
sodium ions, and calcium ions
(under hormonal control)

COLLECTING SYSTEM

Connecting
tubules

Connecting tubules
and collecting duct

Variable reabsorption
of water and
reabsorption or
secretion of sodium,
potassium, hydrogen
and bicarbonate ions

Papillary duct

Delivery of urine
to minor calyx
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Fenestrated endothelium
of the glomerulus

Parietal layer of ——— Basement
glomerular R = membrane
capsule Q‘\\\ W
D ————
Distal convoluted «Q S Podocyte of

N\

. visceral layer of
~ ) glomerular capsule - -
P, Microvilli
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tubule

Blood
vessels

Proximal convoluted
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Proximal convoluted tubule cells
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Highly infolded plasma membrane
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Medulla
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Loop of Henle
* Ascending limb
* Descending limb
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Distal convoluted tubule cells
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Collecting
duct

Thick segment

— Thin segment

(b)

S NN

Collecting duct cells

Copyright © 2006 Pearson Education, Inc., publishing as Benjamin Cummings.



Loop of Henle

» Concentration of urine due to
reabsorption of water and NaCl

v" Countercurrent multiplication:
Descending part is permeable to
water and impermeable to Na+:

v" Water leaves the tubule into the
interstitium

v" Ascending part is impermeable to
water and permeable to Na+:

v" Na+, Cl-, K+ leave the tubule into the
interstitium

v' The medullary interstitium around
the tubules is “salty”. The
osmolarity is higher then in the
lumen

@ Glomerulus

300
mOsm mOsm
L ’

)

(ﬁ Proximal convoluted tubule

tubule

~
Q‘,‘ Distal convoluted

100-300

HO \
Electrol / Na*Cl N\
“lect 'te J AL - -
. ectrolytes / H.U/‘.
To collecting 00 / =
capillary CORTEX mOsm '’ 100
MEDULA J Na*Cl Na' L Aldosterone-
z regulated
Plllnp
@/\m'ndmg
limb, thick
J I:O segment
! A 500 |
@ Descending o o 500
limb Ty Na®Cl A -ADH-
H,0 regulated
HO permeability
' 1750]  Loop of ) 750
chﬁc » Na'Cl” H,0 <
H,0 / H,0*
@ Ascending
)
_ limb, thin L
1000 segment
e H,0 i Passive Distal
(:‘[:‘;E:":k’ diffusion fidlec“ng
3 A uct
of surrounding 1200 W NaC| plmmiiisive
fluids % diffusion




Distal Convoluted Tubule

Proximal tubule Distal tubule

* Reabsorption: 10% ions of i partsotancpnon _
Na, Cl, Ca and bicarbonate |

@4

Bowman’s . B Ascending
; Descending li £
capsule limb of loop \ 'mz,?ds“p
begins

Collecting
duct

Descending Ascending
limb limb \
Loop of
Henle

To bladder




Kidney Cortex — PCT (P) & DCT (D)

—— Eh D ot § N -’ ~

Proximal tubules desceding thck tubule

= Microvilli
= (Glycocalyx



Collecting ducts

* Are mainly in the medulla

» Reabsorption of water (5-
25%)

v' Aquaporins — special canals for
water.

v" ADH regulates the number of
aquaporins and reabsorption of
water

@ Glomerulus

300
mOsm
. m'()s'm_ ’

Nutrieny

H,0

@ Distal convoluted
tubule

Electrolytes
To collecting 300
Capiiary CORTEX mOsm

MEDULA @ | - Aldosterone-
‘ regulated
pump
() Ascending
H.O limb, thick E
2 segment
(3 Descending
limb FADH-
regulated
permeability

» NaCl™ H,0

H,0

(@) Ascending
limb, thin

Increasing
osmolarity
of surrounding
fluids

Distal
4 collecting
1200 duct



Cross section of Kidney Medulla




Kidney Medulla (Collect tubules and loops)

"y o ¥

! : ¥ . ‘ . - - _‘ - : ‘v . - o .
Thin limb of Henle (ascending & descending) o o Principal cells
@ @ @
/0,00

* Don't confuse it with capillary (vasa recta or peritubular capillary plexu Intercalating cells




Glucose Na*
Amino acids K*
Protein Cast
. . 2
@ Glomerulus \L/Iatgtr:tlgs gllg ’ gf
@ Proximal convoluted tubule Urea HCO3™ HCO~~
: : 3
\ Uric acid H>O H,O
m S — A ‘ \ ) 2
bs / @ Distal convoluted
y ‘&_’\Osm / tubule

L)

Nulrieny

H,0 B oD
Electrolytes Na*CI \ H.O /
To collecting 200 &
capillary CORTEX mOsm
MEDULA | peci-  Nat - Aldosterone-
N: cl d dosterone
/ ‘( y : regulated
pump
(5) Ascending A
S .
ding 500 500 Uric acid NH,4*
©) Ilimn;b ing y Na*Cl* /" s Creatinine
H,0 regulated Some drugs
HO / permeability
g 750 /
» Na'Cl H,0 20
H,0 / H,0
(®) Ascending
fimb, thin L H,0
‘ 000 segment
. H20 ASSIVE y Distal
Increasing oo = Sitfisicn collecting
osmolarity Passive 12008 duct
of surrounding 1200 v
fluids diffusion




Blood Supply

The kidneys are highly vascular organs;
They receive approximately 25% of the cardiac output

Renal
artery ;
Segmental
Renal Segmental arteries artery
vein ‘] /
‘ Suprarenal : ‘ / Y
artery a N7/ / ZA\
Interlobar veins interlobar arteries 8\ s /A‘\\_\_, | Intortobisi
>N/ \" arteries
arleny i) 7 A i/~ 1= Interlobular
7 arteries
Arcuate veins Arcuate arteries . —S—

Renal Vs e : — ; ¥ i=H— Interlobar
vein y F 722G . K’U"l veins
Interlobular veins Interlobular arteries ) ¢

RN \ Interlobular
veins

Venules Afferent arterioles

&\
Arcuate

arteries

(a) Frontal section




— Types of Nephrons

Two Types of Nephrons

e Cortical nephrons (85%) located
mostly in the cortex of kidney,
produce "standard" urine

e Juxtamedullary nephrons (15%),
located close to the medulla -
responsive to ADH, can produce
concentrated urine due to longer
Loops of Henle




Cortex

Proximal
convoluted Glomerulus
Afferent

Efferent arteriole

Glomerular

Distal convoluted tubule
capsule

Afterent

arteriole Renal cortex

Renal medulla

Peritubular
capillaries

Medulla

Afferent Bowman'’s
arteriole

Collecting
duct

Structure of @ Nephron Nephron Structure

capsule



Kldney Medulla — Vasa Recta (VR)




Endocrine functions of the kidney

e Secretion:
- Renin

- Erythropoietin

 Activation:
-Vit D

Erythropoietin

Bone marrow )

Arginine
vasopressin

@ Post-pituitary ),
T

Parathyroids )

Aldosterone

(Adrenal cortex ), I

1.25 Dihydroxycholecalciferol

Angiotensin || <@ Angiotensin | <(ee——Angiotensinogen

Fig. 2 Endocrine links in the kidney.



* Located near the vascular pole of each‘ renal co

Juxtaglomerular Apparatus

Regulates blood pressure by activating the renin—angiotensin—

aldosterone system

Includes:

- macula densa

- extraglomerular —
mesangial cells

- juxtaglomerular cells
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Kidney Juxtaglomerular
Complex

MD = macula densa ‘

JGC = juxtaglomerular
cells




Renal Corpuscle and Macula Densa







Renin — Angiotensin — Aldosterone System

Macula densa
senses low fluid
flow or low Na*
concentration

Juxtaglomerular Angiotensin-converting
cells secrete renin  enzyme (ACE) in
pulmonary blood

Widespread vasoconstriction

Kidney releases enzyme
renin into blood

A

Enzyme ; g . Adrenal cortex
Epe & Angiotensin |l Stimulates o S o

vV 4

ADH causes aquaporins to
move to the collecting duct
plasma membrane, which

increases water reabsorption

Enzyme

, Aldosterone
reaction

Angiotensin |

Liver releases
angiotensinogen
into blood

~(e)

Aldosterone stimulates Na*
uptake on the apical cell
membrane in the distal
convoluted tubule and
collecting ducts




Erythropoietin (EPO)

Stimulation of
blood cell production
* Synthesized by endothelial cells of the
peritubular capillaries in the renal
cortex.

* Regulates red blood cell formation in ! j F——
the bone marrow in response to | \
decreased blood oxygen | | i
concentration.

Red blood cells




Excretion of urine

Collecting ducts within each renal papilla release urine into
minor calyx - major calyx - renal pelvis - ureter - urinary
bladder - urethra

Interlobular

arteries Capsule (fibrous)

Renal

Kidney
(inside view)

column Cortox —— Kidney - Calyx
Renal
sinus
Minor calyces - Renal pelvis
Major calyces -
Hilum Fat  Hilum—
Renal
pelvis

Renal

papilla of
pyramid

Medulla

Bladder

Opening of ureter
(ureteral orifice)

? AN ' Internal sphincter
Ureter VIS M-3&-1L
: ternal sphincter




Urinary tract

e Mucosa, submucosa, muscularis externa,
adventitia

* Mucosa — transitional epithelium + lamina
propria

* Transitional epithelium lines minor and major
calices, renal pelvis, urether, bladder and
proximal part of urethra



Transitional epithelium

— el




Urethers
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Kidney

Kidney
(cut open)

Ureter

Bladder

Urethra




Urethers

Inner longitudinal
muscular fiber

Outer circular muscular
fibers

Contraction of
Longitudinal fibers in
the proximal part of
ureter keeps the lumen
open for the passage of
urine from the bladder

Peristalsis of muscular
fibers propels the urine
down the ureter

Transitional
Epithelium

Middle circular
layer of smooth muscle

3
Inner layer

of longitudinal
muscle



Ureter — folded mucus membrane

e,

Transitional Epithelium



Nephrolithiasis (kidney stones)

Occurs when urine becomes too
concentrated and substances
crystallize. Symptoms arise when
stones begin to move down ureter
causing intense pain.

Kidney stones in
the minor and

major calyces

of the kidney
Kidney stones may form in the pelvis,  kidney stone/
calyces, or in the ureter. (Rarely in in the ureter
the bladder.)




3 layers in the wall:
v' Mucosa — transitional epithelium

organ is ex
mucous pr
with urine

v" Muscularis (detrusor muscle)

3 layers of

longitudinal, circular, inner
longitudinal)

circular fib
sphincter
v" Adventitia/
serosa on the
superior surface

Urinary Bladder

_1-Transitional
> | epithelium
< =" |-Lamina

A propria

pandable
events cells from contact

-~ Smooth
muscle

smooth muscle (outer | (detrusor)

— Adventitia
(with fat
cells)

ers form internal urethral

Ureter

Peritoneum

Detrusor muscle
Ureteral openings
Trigone

Neck of urinary bladder

s Transitional

p’  epithelium Mucosa

: Lamina propria
Submucosa

Internal urethral

sphincter Detrusor muscle

External urethral sphincter
(in urogenital diaphragm)

(a)
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Transitional Epithelium

Bladder —




Thank you for attention

Manneken Pis Fountain Brussels, 1619



