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Major Functions of the Kidneys and
the Urinary System
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Major Functions of the Kidneys and
the Urinary System

6. Release of hormones

Path of urine drainage:

calcitriol — active form
Papillary ductin

of Vitamin D, helps / L g e ok
control calcium ‘
homeostasis.
erythropoietin — Renal cortex
stimulates RBC fgnal medul

d t. Renal column
p roduction Renal pyramid

in renal medulla

7. Regulation of blood
glucose levels via

Fatin renal sinus

gluconeogenesis

Renal capsule
() Urinary bladder
(a) Frontal section of right kidney

© John Wiey & Sor,

Major Functions of the Kidneys and
the Urinary System

Renal capsule

Distal convoluted tubule
Renal corpuscle:
Glomerular (Bowman's)
capsule

Glomerulus

Proximal convoluted tubule —
Peritubular capillary

8. Excretion of

WaSteS and ; Afferent arteriole
\ s Efferent arteriole
. wlmily = Interlobular artery
forelgn R N Renalso_rje_l_{ B | Interlobular vein
enal cortex— -\ || enal | \ Arcuale vein
| medulla 1)
substances Renal mectle \\M aty
a?“al pa‘pllla ) i i Corticomedullary junction
inor Galyx /77 Collecting duct
FLOW OF FLUID THROUGH A el

Descending b
JUXTAMEDULLARY NEPHRON ~ Kidney ~ Vasa escending I

Glomerular (Bowman's) capsule

Thick ascending limb
Thin ascending limb

Proximal convoluted tubule
Descending limb of the

loop of Henle —%Pap\llawdum
Thin ascending limb of the -
loop 0& Henle =
Thick ascending limb of the N\ [T Renalpapila
loop of Henle o B Minor calyx

Distal convoluted tubule
(drains into collecting duct)

©.John Wiky & Sane, e

Urine
(b) Juxtamedullary nephron and vascular supply



Location of the kidney

perirenal fat
renal fascia
pararenal fat
megulla

interlobar
e

artery
and vein

meduyllary rays

pelvis
of kidnay

renal papilla

e Three layers of tissue surround each  1he Kidney is Retroperitoneal:
kidney: In a pocket of the parietal Peritoneum

e 1. renal fascia (outermost layer) against the dorsal wall of the abdomen.

* 2. adipose capsule (middle layer)

* 3. renal capsule (innermost layer)

The Male Urethra

Specializations of the
male urethra: Saorum

Urinary bladder
Ductus (vas) deferens
Suspensory ligament

1. Prostatic urethra - smmvece

Vesicorectal pouch

Cocoyx of penis
2. Membranous Rectum ool g
Ampulla of ductus E’:::‘;E?::hragm
(vas) deferens
urethra Bubouretal

Ejaculatory duct
(Cowper's) gland

J__/ Corpus cavernosum penis
Spongy (penile) urethra
~ |—— Penis

Corpus spongiosum penis
.J_f_\ Corona
—y Glans penis
Prepuce (foreskin)

Prostatic urethra

3. Penile urethra T e

Anus

Testis

Scrotum External urethral orifice

(a) Sagittal section

© John Wilsy & Sons, ine

Urology: The branch of Medicine related to health care of the male and
female Urinary system (Bladder and urethra) and the male reproductive
system is called.
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Nephron: The Functional Unit
of the Kidneys

Nephrology: The specialized branch of medicine that deals with structure,

function of the Kidney in urine formation.

* Cortical Nephrons:

80 to 85% of nephrons. Have short

___— Renal capsule
Efferent arteriolz

Renal corpuscle:
— Glomerular (Bowman's)
S capsule
N Glomeruus
Distal convoluted tubule
Afferent areriols
Interlobular artery

Proximal convoluted tubule
Peiitubular capillary

Loops of Henle that lay mainly in the

cortex Minor calyx

* Juxtamedullary Nephrons:

15 to 20% of nephrons. Have long
Loops of Henle that extend into the

Descending limb of the
loop of Henle

: )
deepest regions of the medulla. Ascgndngn of 1o

Produce the most concentrated urine.

Distal convoluted tubule

© ot iy 8500,

Renal cortex——-
Renal medula—__
Renal papille ———=

Kidney
FLOW OF FLUID THROUGH
A CORTICAL NEPHRON

Glomerular (Bowman's) capsule

Proximal convoluted tubule

(drains into collecting duct)

Interlobular vein

ke[ Arcuate vein

Arcuate artery

" Corticomedullary junction

Loop of Henle:
Descending limb of the

/AN ~ Ascending limb of the
\ loop of Hznle
| ~N Collecting duct

T

Papillary duct
\

\J,r—\D‘\ Renal papila

T Minor calyx
i
(2) Cortical nephron and vascular supply Urlni

The Anatomy of a Nephron

Subdivision of a
Nephron:

Renal Corpuscle

Proximal

Convoluted tubule e 1
Descending Loop o e ol 9
Henle FLOW OF FLUID THROUGH A

JUXTAMEDULLARY NEPHRON Kidney

Ascending LOOp Of Glomerular (Bowman's) capsule

Henle Proximal congo\uted tubule
Descending limb of the
Distal Convoluted s
tubule Thin afg:gt(i’ltngélms of the
Thick ascendi‘ng limb of the
Collecting duct loopo Herle

Distal convoluted tubule
(drains into collecting duct)

© John Wiy & Son, Inz.

Papillary duct

Proximal convoluted tubule
Peritubular capillary

Renal capsule

Distal convoluted tubule
Renal corpuscle:
Glomerular (Bowman's)
capsule

——— Glomerulus

— Afferent arteriole

| Efferent arteriole

H " Interlobular artery

{1 Ot Interlobular vein
\ \ Arcuate vein
N _,‘7 J Arcuate artery

Corticomedullary junction
7 Collecting duct
Loop of Henle:
T Descending limb
/ Thick ascending limb

| Thin ascending limb

Vasa.
recta

t Papillary duet

\j \

R ,‘.—I\'%Renal papilla

X - =" Minor calyx
Urine

(b) Juxtamedullary nephron and vascular supply
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Urine Drainage through
the Kidney and body

From papillary duc

Nephron

Minor CalyX ’ “ Path of urine drainage:
Major Calyx s ' iyt
Renal pelvis - :
Ureter
Urinary Bladder  renaicorex
Renal medulla
Urethra: Renal column
prostatic Renal pyramid

in renal medulla

membranous
. Ureter
penile o
Fat in renal sinus
Renal capsule A
| Urinary bladder
(a) Frontal section of right kidney
©John Wiley & Sons, Inc.
Renal artery
Blood flow through
L3
Interlobar arteries the Kldney
Arcuate arteries
Renal capsule
Interlobular arteries
Interlobular
artery
Afferent arterioles Arcuate
artery
Glomerular capillaries Renal cortex Interlobar
artery

Efferent arterioles

Segmental artery
Renal pyramid

Peritubular capillaries in renal medulla |

and/or vasa recta Renal artery

Interlobular veins Renal vein

Renal sinus Segmental vein

Arcuate veins

Interlobar veins Interlobar vein

Segmental veins Arcuate vein

Interlobular vein
Renal vein

i

(b) Path of blood flow
© Jobn Wisy & Sene, nc (a) Frontal section of right kidney

& John Wilsy & Sane, Inc.



Basic Functions of a Nephron

Renal corpuscle Renal tubule and collecting duct
[ 1

Glomerular
capsule

Afferent
arteriole
(blood from

Glomerulus Fluid in renal tubule

renal arte e
atéry) —_ g e —
Filtration from e Urine
blood into . o ./ (contains
excreted

nephron
substances)

from blood into

Efferent
tubular fluid

arteriole
(blood to
renal vein)

Blood

Peritubular capillaries
and vasa recta

@ John Wilay & Sens., Ine

Nephrons perform three basic functions:
1. glomerular filtration

2. tubular reabsorption

3. tubular secretion

Distal convoluted tubule
Proximal convoluted
tubule Secretion of ions, acids, drugs,
; toxins
Reabsorption of Renal
waterions, and all tubule Variable reabsorption of water
organic nutrients, sodium ions, and calcium ions
(under hormonal control)

Efferent —
arteriole W §
|OOLLEGT!HG S\'STE.MI
Afferent d
arteriole
£ Collecting duct
Production of Variable reabsorption
filtrate of water and reabsorption or
secretion of sodium,
potassium, hydrogen,
and bicarbonate ions
Thin
descending
limb
KEY \
Descending f
" ary limb \ Papillary duct
2 Filtrate —— I:::ilveiryoi urine
=" Variable of Homla Minor b e
" reabsorption Further reabsorption calyx
of water godascsndi_ng
limb) and both sodium
and chloride ions
(ascending limb)
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The Glomerular Filtration Membrane

Perietal layer o° glomerular
{Bewnmar's| capsuls

WMesargiel call

Proximal
convolufed
tubule

Podocyte of visceral layer of
glomeuar [Bowman's) capsule

Pedcel

glomerulus

(2) Renal carpuscle (inlernal view)

.oy 4Sons o

The filtration membrane is the filtering unit of a nephron.
This endothelial-capsular membrane consists of:

1) the glomerular endothelium

2) the glomerular basement membrane

3) slit membranes between pedicels of podocytes

The Glomerular Filtration
Membrane

Parietal layer of glomerular
(Bowman's) capsue

Mesangial cell

Capsular space

Macula densa ——

[
chﬁ;r:‘owem [ - A " oEmomeha\Ienestmtlm(poreiol—"
. ! Progmal gJemen us: prevents fitration of blood
\ , convoluted calls butllows all components of | ¢
blcod plasma to pass thiough

tubule

) Eesallanineof gomerus:

: prevens filraticn of larger prcteins

Podacyte of visceral layer of

glomerular (Bowman's) sapsule

o Slitmemtrane between pedicels
prevens filaticn of medium-Sizec
proteins

Pedicel

gomerulus

(a) Renal corpuscle (intemal view) (a) Details cf fitration membrana

.o Wiy & S, e ety S, e
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Filtration Pressures and Glomerular
Filtration Rate

¢ Filtration Pressure is the force that drives the fluid and its

dissolved substances through the glomerular filter

Net Filtration pressure NPF (or Net Hydrostatic Pressure

NHP) is the difference between three pressures:

1. Glomerular (blood) hydrostatic pressure GHP or GBHP

2. Capsular Hydrostatic Pressure (CHP)
3. (Blood) Colloid Osmotic Pressure (BCOP)

The relationship can be expressed by

NPF = GBHP - (CHP + BCOP)

Glomerular Filtration Rate: amount of filtrate the kidneys

produce each minute. (about 125 ml per minute)
Determined by a creatinine clearance test

Factors affecting filtration rate
in the Kidney

GLOMERULAR BLOOD @) CAPSULAR HYDROSTATIC
Afferent HYDROSTATIC PRESSURE PRESSURE (CHP) = 15 mm Hg
arteriole (GBHP) = 55 mm Hg
— © sLooD coLLoin
| N OSMOTIC PRESSURE
(BCOP) = 30 mm Hg

Proximal convoluted tubule

T NET FILTRATION PRESSURE
(NFP) = 10 mm Hg

Key:

NFP = GBHP - CHP - BCOP
=55 mm Hg — 15 mm Hg - 30 mm Hg
=10 mm Hg

NFP = Net filtration pressure
GBHP = Glomerular blood hydrostatic pressure

Efferent
arteriole

Glomerular B CHP = Capsular hydrostatic pressure
(Bowman's) Capsular BCOP = Blood colloid osmotic pressure
capsule space

& John Wiley & Sans. Inz.
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Regulation of Glomerular Filtration Rate

Renal Auto-regulation

Regulation Major Mechanism Effect on
Stimulus GFR
Myogenic Stretching of | Contraction of |Decrease
afferent smooth GFR by
arteriole walls | muscles in constricting
due to afferent the lumen
increased arteriole wall
systematic BP
Decline in Dilation of AA |Increases
glomerular and G. GFR
blood capillaries
pressure Constriction of
EA

Regulation of Glomerular Filtration Rate
Neural Regulation

Regulation Major Stimulus | Mechanism Effect on
GFR
Tubuloglomerular | Rapid increase |Decreased Decrease
feedback in Na+ and Cl- |release of GFR and
In lumen at the |Nitric Oxide by | filtrate
macula densa | JGA causing volume
due to AA
increased BP constriction

4/27/2010



Regulation of Glomerular Filtration Rate
Neural Regulation

Regulation Major Stimulus | Mechanism Effect on
GFR
Sympathetic | Acute fall in Constriction of | Decrease
Nerves systematic blood | afferent GFR and
(Autonomic) |Pressure. arterioles filtrate
Release of volee. to
norepinephrine maintain
blood
volume

Regulation of Glomerular Filtration Rate
Hormonal Regulation

Regulation Major Stimulus | Mechanism Effect on
GFR
Angiotensin II | Decreased blood | Constriction of | Decreases
volume or both afferent |GFR
decreased blood |and efferent
pressure arterioles
Atrial Stretching of the |Relaxation of |Increases
natriuretic arterial walls the mesangial |GFR
peptide due to increased | cells increasing

blood volume

filtration
surface

4/27/2010
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Regulation of Glomerular Filtration Rate
Hormonal Regulation

Regulation Major Stimulus | Mechanism Effect on
GFR
Antidiuretic Increased Stimulate insertion |Increases
hormone ADH | Angiotensin II or |of aquaporin-2 blood
decreased (water channels) volume to
volume of In apical membrane | return
extracellular fluid | or principal cells GFR to
normal
Aldosterone Secreted from Increases Increases
adrenal cortex reabsorption of blood
because of Na+ and water by volume to
increased principal cells of the | return
Angiotensin II DCT collecting duct | GFR to
levels normal

juxtaglomerular apparatus (JGA)

Consist of the juxtaglomerular cells of an afferent or efferent arteriole and the

macula densa cells of the distal convoluted tubule. The JGA helps regulate

blood pressure and the rate of blood filtration by the kidneys.

4/27/2010
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Angiotensin II Pathway

1. Renin is released to the
blood by JGA cells due to
decreased renal blood
flow or perfusion.

2. Renin converts a plasma
protein (angiotensinogen)
into angiotensin I

3. Angiotensin-Converting
Enzyme (ACE) in the
lungs convertes
Angiotensin I into 4 !
Angiotensin 11 N\ ...

capillary

Renin — Angiotensin - Aldosterone
System

12
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jomerular

uxtag|
apparatus (JGA)

Formation of angiotensin |;
activation to ang| sin Il

\\I

[Adrenal glands,

thirst centers

Increased
ADH
production
Increased

sympathetic
r tone

Urine Concentration via
Countercurrent Multiplication

Thin descending limb
of Henle is permeable
to water but not

solutes

Thick ascending limb
of Henle is
impermeable to water
and solutes. Contains

. KEY
active tl:ansport Y —
mechanisms for @ - Exbuce e
sodium and chloride. A = Leakchannel

""""" = Diffusion
----#= = Reabsorption

—P = Secretion

13



Urine Concentration via
Countercurrent Multiplication

Sodium and Chloride
are reabsorbed by
thick ascending limb
into the peritubular
fluid

These ions elevate the
medulla osmotic
pressure

This increases osmotic
flow of water out of the
thin descending limb

Increased osmotic
potential of tubular
filtrate increases active
transport in the TAL

KEY

. = Cotransport
O = Exchange pump
— = Leakchannel
-+ = Diffusion
-—= = Reabsorption

---= = Secretion

Tubular fluid

Urine Concentration via
Countercurrent Multiplication

Glomerular (Bowman's} capsule

Glomenulus
Afferent /
anteriole Distal convoluted tubula
A .
s e Intersiitial
“ Hluic in
(200
20 1o renal cortex
Efferent a
arteriole 20
no
Proximal £ )
convoluled —— —— Gollecting
wbule duct
e e O RO R ]
320

= ol
400 =" — (€ Principal cells
00 in collecting duct

reabsorb more.

) symporers in HO | water whan ADH
thick ascending a00 -t is presant
limb establish an }
osmatic gradient !
o |
80D =

00 ’
ED Urea recycling
causas buildup of

1000 | 1000 urea in the renal
Interstitial Ho b medulla
fluid in - oila
renal medulla 1209 1200 1200 | 1200 | g
Loop of Henle
1200 — Concentrated
urine
(a) Reabsorption of Na’, CI” and water in a long-loop juxtamedullary nephron (b} Recycling of salts and
urea in the vasa recta

@ John Wiley & Sone. Inc.
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Roles of the Different Nephron Regions
in Urine Formation

Proximal Convoluted tubule
Reabsorption:

60%-70% of water (108 to 116 L/D)

(obligatory water reabsorption)
100% of glucose and other sugars,
amino acids, and some vitamins

60%-70% sodium and chloride,
along with calcium, magnesium,
phosphate, and bicarbonate

Secretion:

Hydrogen ions, ammonium ions,
creatinine, drugs, toxins

Roles of the Different Nephron Regions
in Urine Formation

Loop of Henle

Reabsorption:

Descending limb

25% of the water

(obligatory water reabsorption)

Thick Ascending limb

20-25% of the sodium and

KEY

chloride to help maintain the o
countercurrent system @)

= Cotransport

= Exchange pump
= Leakchannel

= Diffusion

= Reabsorption

= Secretion

= Leak channel

Counter transpol
= Exchange pump

4/27/2010
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Roles of the Different Nephron Regions
in Urine Formation

Distal Convoluted Tubule

Reabsorption:
Up to 5% of water under ADH
control (principle cells)

(Facultative water reabsorption)
Variable amounts of sodium and

chloride under Aldosterone
control (principle cells)

Variable amounts of bicarbonate

(intercalated cells)
Variable amounts of Calcium

controlled by parathyroid
hormone

Secretion:

Hydrogen ions, ammonium ions,

Creatinine, drugs , toxins

Tubular fluid  Hydrochloric acid  Ammonium chioride
\ /
\

—f—
NH cr

2TC mad
,“;’ o o ‘

| Amino g |
| “acia. NHi

deamination./

Entire DCT
and
collecting
duct

Peritubular + : T Héo;

H* secretion and HCO; reabsorption

Roles of the Different Nephron Regions
in Urine Formation

Collecting Duct

Reabsorption:
Variable amounts of water under
ADH control (principle cells)

(Facultative water reabsorption)

Variable amounts of sodium and
chloride under Aldosterone
control (principle cells)

Variable amounts of bicarbonate
(intercalated cells)

Secretion:

Potassium and hydrogen ions

4/27/2010
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Summary of
the roles of the
different
nephron
regions in
urine
formation

PROXIMAL CONVOLUTED TUBULE
Reabsorption (into bload) of fitered:

Watar 65% losmasis)
Na* 5% {sodium pumps,
symporters, antiporters)
K* 85% (diffusion)
Glucose  100% {symporiers and

faciltated difusion)

Aming acids 100% [symponiers and
faciitated ditfusion)

cr 50% (diffusion]

HCOy™ 80-30% (facilitated
diffusion)

Urea 50% (diffusion)

Ga™ Mg™*  variable (diffusion)
Secretion (into urine) of

H* variable {antiporters)
NH, varisbls, increases in
acidosis (antiporiers)
Urea varisble (difusion) T
Greatinine  small smount

Atend of PCT, tubular fluid is stil
isotonic to bload (300 mOsmiter].

LOOF OF HENLE
Reabsorption (into bload) of

Water 15% (osmesis in
descending limb)

Na® 20-30% (symporters in
‘ascanding imb)

K 20-30% (symporters in
ascending limb)

ar 5% (symparters in
ascending imb)

HCOy 10-20% (faciltated
diffusion)

Ca®™ Mg®  variable (diffusion)
Secretion (into urine) of:

Ursa variabla (recycling from
collecting duct)

At end of loop of Henle, tubular fluidis
hypatonic (100150 mOsmditer).

© John Wilsy & Sons, Inc.

Urine —§

4/27/2010

RENAL CORPUSCLE

Glomerular filtration rate:
108125 mi/min of fluid that is
isotonic to biood

Filtered substances: water and all
solutes present in bloed (except
proteins) including ions, glucase,
aming acids, creatinine, uric acid

DISTAL CONVOLUTED TUBULE
Reabsorption {into blood) of:

Watsr 10-15% (osmosis)
Na 5% (symparters)

cr 5% [symponers)

ca variabls {stimulated by

parathyroid homone)

PRINCIPAL CELLS IN LATE DISTAL
TUBLILE AND COLLECTING DUCT

Reabsorption (into blood) of

Waler 5% {insartion of water
channels stimulated by
ADH)

Na® 1-4% (sodium pumps)

Urea varisbls (racycling to loop
of Henle)

Secretion (ino urine) of

K variable amouni fo
adjust for distary intaka
(laakage channeis)

Tubular fluid leaving the collecting duct

s dilute when ADH level is low and

concentrated when ADH lavel is high

INTERCALATED CELLS |N LATE DISTAL|

TUBULE AND COLLECTING DUCT
Reabsorption (into bload) of:

| Hoo; varble amount, depends
(new} on K” seeretion
{antiporters)
Urea variable (recyclingto
Ioop of Henle)

Secretion (it uring) of;

H varisble amounts to
maintain acid-base
homeostasis (H* purmps)
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