m)ll )ll aill g



Physiology of the
Kidney and

Urological system

Gihad Allugamie MD.

Uro-Andrologist
dr.gihadallugamie@gmail.com

(XYY




Frank H. Netter, MD Arthur Guyton

(1906-1991) (1919-2003)
"Medicine's Michelangelo”



http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CCoQFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FArthur_Guyton&ei=vN8_Urr1BNDy0gXiwoG4CA&usg=AFQjCNFuhNgGSIGSL23Xz54dlvPj3frPkw&bvm=bv.52434380,d.d2k
http://www.netterimages.com/artist/netter.htm

Arthur Guyton
(1919-2003)



http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CCoQFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FArthur_Guyton&ei=vN8_Urr1BNDy0gXiwoG4CA&usg=AFQjCNFuhNgGSIGSL23Xz54dlvPj3frPkw&bvm=bv.52434380,d.d2k

Frank H. Netter, MD

(1906-1991)
"Medicine's Michelangelo”



http://www.netterimages.com/artist/netter.htm




A o ] g e e

=, G |
Lyl i " | L ————"
g L B
. w.w. ‘) A i e |
i f : 3 R, [

LT P e
LT
iy
g

f . g

e
:..sﬂ.i;:uw -

k

’ Al i <
" oot o et ——

gy

4 T e
Lot e
- — genmR R g TSR
s

I
en s SRR

cHigeet s , A o
4 . ’ iR e e el
i o

S B rasmrirars ot




Kldneys

Paire, Retroperitoneal

« Partially protected by
the 11™ and 12 ribs

* Right slightly lower
due to liver

e Surrounded by renal
capsule

* Adipose capsule
* Renal fascia







Blood Supply to the Kidney

Segmental

 Venous return of blood Is via
similarly named veins.

(a) Frontal section



Blood Supply to the Kidney

Afferent
arterioles

Interlobular

/
artery Glomerulus

Arcuate

artery \

N\

Arcuate
vein *

Cortical

Renal nephron

pyramid

X Interlobar vein
\\
N Interlobar artery

 Adipose tissue

™ Minor calyx

{b) Cortical circulation

The interlobular veins are
then the collecting vessel
of the nephron capillary
system.



Characteristics of the
renal blood flow:

60 mm Hg TR “ -Z;kﬁi ) ]-
100 mm Hg g v 5 o4 . ,'.'|._'4| y

1200 ml/min, or 21 percent
of the cardiac output. 94%
to the cortex

2,

18 mm Hg

13 mm Hg (‘

10 mm Hg
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High hydrostatic pressure
In glomerular capillary
(about 60 mmHgQ) and low
hydrostatic pressure in
peritubular capillaries
(about 13 mmHQ)

8 mm Hg

Interstitial fluid
pressure 6 mm Hg
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» Kidneys make up 1 % of body mass, but
receive about 25% of cardiac output.

» Kidney has two major functions:

 Removes metabolic wastes from the body, esp.
those containing nitrogen (Urine formation)

Blood volume and composition
Electrolytes

Blood pH

Blood pressure




Blood flow in kidneys and other organs

Organ Approx. blood flow A-V O, difference
(mg/min/g of tissue) (ml/L)
Kidney 4.00 12-15

(depends on reabsorption of Na*)

Brain 0.50 48

Skeletal muscle 0.05 -
(rest)

Skeletal muscle 1.00 -

(max. exercise)



SUPERIOR (APICAL) SEGMENTAL ARTERY

ANTERIOR SUPERIOR
SEGMENTAL ARTERY

CAPSULAR AND
PERIRENAL BRANCHES

INFERIOR
SUPRARENAL ARTERY

ANTERIOR DIVISION
OF RENAL ARTERY

e .
MAIN RENAL ,’ s
ARTERY :

POSTERIOR DIVISION
OF RENAL ARTERY
(POST. SEGMENTAL ARTERY)

PELVIC AND URETERIC BRANCHES

ANTERIOR INFERIOR
SEGMENTAL ARTERY

POSTERIOR SEGMENTAL ARTERIES

INFERIOR SEGMENTAL ARTERY

TERMINAL BRANCHES
OF RENAL ARTERY
(LEFT KIDNEY VIEWED
FROM IN FRONT)
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Nephron

 Functional unit of the
Kidney

* Filtration, tubular
reabsorption, tubular
secretion

Renal corpuscle:

— Glomerulus — capillaries

— Glomerular or
Bowman’s capsule




The Nephron

1. glomerulus
2. proximal convoluted tubule

3. loop of Henle
descending limb

ascending limb

4. distal convoluted tubule
many nephrons connect to
collecting duct




Cortical nephron — glomeruli in
outer cortex & short loops of
Henle that extend only short
distance into medulla-- blood
flow through cortex is rapid —
majority of nephrons are
cortical.

Juxtamedullary nephron —
glomeruli in inner part of
cortex & long loops of Henle
which extend deeply into
medulla.— blood flow through
vasa recta in medulla is slow.




JUXTAMEDULLARY
GLOMERULUS

AFFERENT ART
ERIOLE BASEMENT BASEMENT
MEMBRANE
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SMOOTH
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DISTAL
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ARTERIOLE

Bowman’s capsule

200 mcm
Receives filtrate

GLOMERULUS (HUMAN);

H. & E. STAIN, X 350

P=PROXIMAL TUBULE

D=DISTAL TUBULE

J=JUXTAGLOMERULAR
CELLS
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MICROVILLI
(BRUSH BORDER)

Reabsorption of water and solutes

Proximal convoluted tubule

BASEMENT
MEMBRANE




MITOCHONDRION —————%

NUCLEUS

GOLGI
APPARATUS

SURFACE
PROJECTIONS
(MICROVILLI)

BASEMENT
MEMBRANE

INTERCELLULAR
SPACE

TERMINAL BARS

INTERLOCKING
LAMELLAE FROM
NEIGHBORING
CELLS

CELL PLASMA
MEMBRANE

Nephron loop or Loop of Henle
Regulates concentration of urine

10mm, 15 mm




STEREOGRAM OF DISTAL SEGMENT
CELLS OF RENAL TUBULE : - 2 slomeroius "
NCA\C Al
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BASEMENT MEMBRANE

BASAL INFOLDINGS
OF CELL PLASMA
MEMBRANE

MITOCHONDRIA

ROUGH ENDOPLASMIC
RETICULUM

RIBOSOMES

NUCLEUS

GOLGI APPARATUS

VACUOLES

INTERCELLULAR SPACE

CELL MEMBRANES

TERMINAL BAR

MICROVILLI

Distal convoluted tubule and Collecting
duct

Reabsorption of water and electrolytes
ADH, aldosterone, ANP

Tubular secretion
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STEREOGRAM OF CELLS
OF COLLECTING TUBULE

BR re :;nr/\».unun/wv
CELL MEMBRANES SLOMERULUS

INTERCELLULAR SPACE




AFFERENT ARTERIOLE

BASEMENT BASEMENT MEMBRAN :ﬁg‘:&i‘fﬂi‘“"

MEMBRANE
ENDOTHELIUM OF CAPILLARY PARIETAL EPITHE AP

ENDOTHELIUM ‘ VISCERAL EPIT
BASEMENT | (PODOCYTES
MEMBRANE JUXTAGLOMERULAR
CELLS

SMOOTH

DISTAL
CONVOLUTED
TUBULE

EFFERENT
ARTERIOLE

GLOMERULUS (HUMAN);

H. & E. STAIN, X 350

P=PROXIMAL TUBULE

D=DISTAL TUBULE

J=JUXTAGLOMERULAR
CELLS




Juxtaglomerular apparatus
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—— Glomerulus
Afferent arteriole

—Juxtaglomerular apparatus
Distal convoluted tubule

Efferent arteriole
Juxtaglomerular
4 Glomerulus (& apparatus

Proximal
convoluted ¥ =— Afferent
T, -

tubule arteriole

Nephron-| | B TS 23

lOO | | “._ : Y 0 “\Ir ‘ 4 :(> \\',’.
(a) p \ ¥ . ~ 3 A_ k \. ;“:- 4 /." JUXtaglomerular

% R ,. :'; ‘ . ‘if;:l ) v . ce"s

Glomerular—" =S58 L=~ Macula densa
capsule Sy \Distal

Efferent arteriole ~& convoluted
(b) tubule




Juxtaglomerular apparatus

* Juxtaglomerular
cells lie in the wall
of afferent arteriole

* Macula densa In
final portion of loop

of Henle —

monitor

Na* and CIl- conc.
and water

e Controlb
Into the g

e Control
filtration

)

ood flow
omerulus

glomerular

G. Allugamie MD. 2013

== Afferent
arteriole

g cells
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Glomerular& = \
: Distal

capsule
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HUMAN RENAL PHYSIOLOGY

 Four Main Processes:

— Filtration

— Reabsorbtion

— Secretion

— Excretion
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Functions of the Nephron

Reabsorption Secretion

tion
Filtration







HUMAN RENAL PHYSIOLOGY

Proximal convoluted tubule Distal convoluted tubule

Glomerulus

= Fitration

E> Water reabsorption

m> Solute reabsorption

E> Secretion

IZ0>> Variable rate




HUMAN RENAL PHYSIOLOGY

—First step in urine
formation

—Bulk transport of fluid from
blood to kidney tubule

» Isosmotic filtrate
» Blood cells and proteins don't filter

—Result of hydraulic
pressure

—GFR = 180 L/day

Proximal convoluted tubule

"\.

£ .4 ‘
Glomerulus \ 1
Y . | i

Bowman's capsule

KEY
= Fitration

E> Water reabsorption
m> Solute reabsorption

E> Secretion

IZ0>> Variable rate

Loop of Henle —3

Distal convoluted tubule

f
|,




HUMAN RENAL PHYSIOLOGY

* Process of returning
filtered material to
bloodstream

* 99% of what is filtered
« May involve transport
protein(s)

- Normally glucoseis
totally reabsorbed

Proximal convoluted tubule

"\.

£ .4 ‘
Glomerulus \ 1
Y . | i

Bowman's capsule

KEY
= Fitration

E> Water reabsorption
m> Solute reabsorption

E> Secretion

IZ0>> Variable rate

Loop of Henle —3

Distal convoluted tubule

f
|,




HUMAN RENAL PHYSIOLOGY

Proximal convoluted tubule

Di stal convoluted tubule

—Material added to lumen
of kidney from blood

—Active transport (usually) g

c - » olute reabsorption
of toxins and foreign s S
SU bStanCES IZ0>> Variable rate

» Saccharine
» Penicillin




HUMAN RENAL PHYSIOLOGY

* Functions of the Kidney:.

— Loss of fluid from body in form of urine

r ~ ( ) e ™ - ™
Amount | =| Amount, +| Amount | -- | Amount
of Solute Filtered Secreted Reabsorbed
Excreted N L » L y

\ -/




Kenneth & Saladin, ANATOMY AN ELWIT copyright € 1988, The McGraw-Hill ©

Glomerular capsule:
Vascular Parietal layer
pole P i f Capsular space
. A, Podocytes of
Occurs as fluids move [k R (et
sex | \— Glomerular capillary

across the glomerular e

capillary in response to T
glomerular hydrostatic g N
pressure '

— blood enters glomerular capillary
— filters out of renal corpuscle
* large proteins and cells stay behind
 everything else is filtered into nephron
 glomerular filtrate
—plasma like fluid in glomerulus




Factors that determining the
glumerular filterability

1.Molecular weight

2.Charges of the molecule
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JUXTAMEDULLARY
GLOMERULUS
PROXIMAL ISTAL
ONVOLUTION ONVOLUTION
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Glomerular capsule ~Interlobular artery

Proximal Interlobular vein
convoluted Afferent -
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arteriole _"_ | tubule -Renal

; ' ) artery
Peritubular AN g
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Function of the Kidney
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Measuring GFR

of plasma is cleared In
glomerulus(or 180L/day)

* |f a substance is filtered but neither reabsorbed nor
secreted, then the amount present in urine IS ItS

plasma clearance(amount in plasma cleared/min by
glomerulus)

 If plasma conc. Is 3mg/L then

3 X 180/day = 540mg/day
(known) (unknown) (known)




Qualities of agents to measure GFR

(Polysaccharide from Dahalia plant)

Freely filterable at glomerulus

Does not bind to plasma proteins

Biologically inert

Non-toxic, neither synthesized nor metabolized In
Kidney

Neither absorbed nor secreted

Does not alter renal function

Can be accurately quantified

Low concentrations are enough (10-20 mg/100 ml|
plasma)

é

(YY1}




SMOOTH MUSCLE

AFFERENT ARTERIOLE

AUTONOMIC
NERVES

EFFERENT ARTERIOLE

SMOOTH MUSCLE

FILTRATION
PERMEABILITY X
FACTOR

|
|
I
|
I
I
|
I
|
|
|
|
|
|
|
I
P

( in)
PLASMA INULIN
CONCENTRATION

INTRA~
CAPILLARY
HYDROSTATIC —
PR[SS‘UR[

GLOMERULAR
FILTRATION RATE

GFR

INTRA
CAPSULAR

HYDROSTATIC

PRESSURE

I’/ ,/ ,J
OSMOTIC
PRESSURE
OF PLASMA
PROTEINS

URINE INULIN
CONCENTRATION

U, X V
Pin

JLAR

G % 00 0 o s s s s o S et e s v e i

URINE
VOLUME /MIN

Inulin




Qualities of agents to measure GFR

End product of muscle creatine metabolism

Used In clinical setting to measure GFR but
less accurate than inulin method

Small amount secrete from the tubule




Plasma creatinine level vs. GFR
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I | | |

60 80 100 120 140
GFR (ml/min)




Filterablility of plasma constituents vs.
water
Constituent Mol. Wit. Filteration

ratio
Inulin 5,500 1.00
Myoglobin 17,000 0.75

Hemoglobin 64,000 0.03




BELOW Tm
CONCENTRATION OF GLUCOSE IN PLASMA,
AND CONSEQUENTLY IN FILTRATE,

IS LESS THAN REABSORPTIVE CAPACITY
* OF TUBULE; IT IS FULLY REABSORBED
AND NONE APPEARS IN URINE

600+

GLUCOSE mg/min

AT Tm
CONCENTRATION OF GLUCOSE IN
PLASMA, AND CONSEQUENTLY IN
FILTRATE, IS JUST SUFFICIENT TO
SATURATE REABSORPTIVE CAPACITY
OF TUBULE

>
<9,
‘\\.9 “

REABSORBED 3
/ ..................

AMOUNT _ AMOUNT
EXCRETED ~ FILTERED

AMOUNT
REABSORBED {? JI o

Glucose

ABOVE Tm
CONCENTRATION OF GLUCOSE IN
PLASMA, AND CONSEQUENTLY IN
FILTRATE, EXCEEDS REABSORPTIVE
CAPACITY OF TUBULE; GLUCOSE
APPEARS IN URINE

G T T T T PP TP T P PP

JCI'A

T
400 600
PLASMA GLUCOSE mg %
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AT Tm ABOVE Tm

BELOW Tm
CONCENTRATION OF PAH IN PLASMA oo CONCENTRATION OF PAH IN PLASMA CONCENTRATION OF PAH
IS LESS THAN SECRETORY CAPACITY IS JUST SUFFICIENT TO SATURATE EXCEEDS SECRETORY
OF TUBULE; PLASMA PASSING THROUGH SECRETORY CAPACITY OF TUBULE TUBULE; PLASMA PA
FUNCTIONAL KIDNEY TISSUE IS FUNCTIONAL KIDNEY
ENTIRELY CLEARED OF PAH ENTIRELY CLEARED OF PAH

C\‘E‘ED AMOUNT _ AMOUNT AMOUNT
125 EXCRETED FILTERED SECRETED
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—
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PAH mg/min
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f T
30 40 50
PLASMA PAH mg % (FREE)
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-
Ppan RPF J Uban
PLASMA PAH RENAL URINE PAH

URINE VOLUME
CONCENTRATION PLASMA FLOW CONCENTRATION

PER UNIT TIME
Uppy X V
Ppan

RPF

Cran

PAH

RPF




Ppan
PLASMA PAH
CONCENTRATION

RPF

RENAL
PLASMA FLOW

RPF

T

Upan
URINE PAH URINE YOLUME
CONCENTRATION PER UNIT TIME

Upay X V
—— . Cran

Ppan




UREA PRODUCTION VARIES WITH DIETARY

PROTEIN, TISSUE BREAKDOWN, AND LIVER FUNCTION
/o:uﬁlﬁ,&\ : CTION IN DIURESIS (FLOW > 2 ml/min) IN ANTIDIURESIS (FLOW < 2 ml/min)
‘ v (SOLID ARROWS ONLY): Uh (SOUD ARROWS PLUS BROKEN ARROWS):

UREA CLEARANCE =60% OF GFR | Y |!’ UREA CLEARANCE REDUCED
OR CINULIN




Forces that influence filtration

* Glomerular blood hydrostatic pressure 60
* Opposing forces:

Kenneth & Saladin, ANATL D PHYSIOLOGY: pyrigh 1958, The McGra

G!omeru!ar F:itrat;on Forces

Capillary blood pressure (BP) 60 mmHg out
Colloid osmotic pressure (COP) —32 mmHg in
Capsular pressure (CP) — 18 mmHg in
Net filtration pressure (NFP) 10 mmHg out




Filtration

* Renal corpuscle

 Filtration membrane
— Fenestrated endothelium of caplillaries
— Basement membrane of glomerulus
— Slit membrane between pedicels of podocytes




Glomerular Filtration

Pores in endothelium

4 "' v’”

Pedicels Lamina
of podocytes densa

Filtration slit
Capsular space

Filtration slit Blolod Plasma protein
Vegh® @/ \//\

A ® ° ® Q - 0

R B

Small ~
solute \ Filtration pressure =
particles 10 mm Hg
e S
Filtrate in
capsular space

(b)




Glomerular filtration rate (GFR)

« Amount of filtrate produced in the kidneys
each minute.

* Factors that alter filtration pressure change
GFR. These include:

— Increased renal blood flow -- Increased GFR

— Decreased plasma protein -- Increased GFR.
Causes edema.

— Hemorrhage -- Decreased capillary BP --
Decreased GFR




GFR regulation : Adjusting blood flow

 GFR Is regulated using three
mechanisms

1. Renal Autoregulation
2. Neural regulation
3. Hormonal regulation

All three mechanism adjust renal blood
pressure and resulting blood flow




1. Renal autoregulation




Hyperosmotic Gradient in the Renal

\ i
\MMedulla

-
~
-




Copynght © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Proximal o Distal
tubule tubule

N\ ~65% Hzo/

Bowman’'s
capsule

Cortex

O H.0 |
15% Hzo«-f 20 |

1200 —.
 —

Concentration of Loop of Henle Collecting duct
interstitial fluid ! @

(mOsm) @ 1% remains as urin 4344



GFR influenced by:

Blood pressure and blood flow
Obstruction to urine outflow
Loss of protein-free fluid

Hormonal regulation
* Renin — angiotensin
 Aldosterone
« ADH
 ANP




2. Neural regulation




INNERVATION OF THE KIDNEY

Nerves from the renal plexus of
the autonomic nervous system enter kidney at the
hilus—>Innervate smooth muscle of afferent &
efferent arterioles—>regulates blood pressure &
distribution throughout kidney

Effect:

(1) Reduce the GPF and GFR and through
contracting the afferent and efferent artery (a
receptor)

(2) Increase the Na* reabsorption in the proximal
tubules (3 receptor)

(3) Increase the release of renin (3 receptor)




Nerve reflex:
1. Cardiopulmonary reflex and Baroreceptor Reflex

2. Renorenal reflex

Sensory nerves located in the renal pelvic wall are activated
by stretch of the renal pelvic wall, which may

Activation of these nerves leads to an increase in afferent
renal nerve activity, which causes a decrease In efferent renal

nerve activity and an

This is called a renorenal reflex response.




The series of mechanisms leading to activation of
renal mechanosensory nerves include:

Increased renal pelvic pressure increases the
release of bradykinin which activates protein kinase
C which In turn results in renal pelvic release of
PGE, via activation of COX-2.

PGE, increases the release of substance P via
activation of N-type calcium channels in the renal
pelvic wall.




2. Neural regulation of GFR

« Sympathetic nerve fibers innervate afferent
and efferent arteriole

* Normally sympathetic stimulation is low but
can increase during hemorrhage and
exercise

* Vasoconstriction occurs as a result which
conserves blood volume (hemorrhage) and
permits greater blood flow to other body
parts (exercise)




3. Hormonal regulation




3. Hormonal regulation of GFR

Several hormones contribute to GFR regulation

Angiotensin Il. Produced by Renin, released by

JGA cells Is a potent vasoconstrictor. Reduces
GFR

ANP atrial natriuretic peptide (released by atria
when stretched) increases GFR by increasing
capillary surface area available for filtration

NO
Endothelin
Prostaglandin E2




Juxtaglomerular apparatus

Juxtaglomerular cells lie in the wall of
afferent arteriole

Macula densa in final portion of loop of
Henle — monitor Na* and Cl- conc. and
water

Control blood flow into the glomerulus
Control glomerular filtration
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. Glomerular capsule

T Afferent arteriole
‘ \—Juxtaglomerular apparatus

Distal convoluted tubule

Glomerulus

Efferent arteriole

Juxtaglomerular
Proximal 4m.CGlomerulus .2 apparatus ~—_

convoluted L A = Afferent

o

tubt'e |~ L. (@ arteriole
loop

K- |13
Y ’( '.' \ ( { —
. 5 - 3

-\hi't\ ;_ "'; =8 - Juxtaglomerular

N Ses cells .
Glomerular— B \—Macula densa
capsule g | W ~_Dpistal

Efferent arteriole— convoluted

(b)
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Osmoreceptors
in hypathalamus

Hy pothalamus

Incraased
permeability

Stimulus: Blood —'High
csmolarity increases HOMECSTASIS:
above set point (e.g., BLOOD
due to dehydration or

aating salty food) -

Low
(a) #

Angio-
tansin 11

'

Adrenal gland

Aldosterone
Artericle
\ constriction

Increased Na* and \JHigh
B e HOMEOSTASIS:

in distal tubulas --.____h__
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Tubular reabsorption

« Water, glucose, amino acids, urea, ions

« Sodium diffuses into cell; actively pumped
out — drawing water with It
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~. Blood
Glomerulus
Glomerular —=\_
capsule

Glomerular
filtrate

Proximal ¥ BSodium ions are reabsorbed
convoluted by active transport
tubule ¢ BNegatively charged ions are

attracted to positively

charged ions _ .
B As concentration of ions

(solute) increases in plasma,

osmotic pressure increases
oWater moves from proximal

tubule to capillary by
OosSMosis

Peritubular capillary




 In addition to reabsorption, also have
tubular secretion — substances move from
peritubular capillaries into tubules — a
second chance to remove substances
from blood.
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Blood Afferent Efferent

flow / Afferent  arteriole \arteriole
Glomerular—\ ~. / arteriole

capsule Efferent

Glomerulus arteriole )y |
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filtrate capsule 2 )

Glomeruluy
| Glomerular
filtrate

Tubular— L Peritubular IS o
reabsorption\_J capillary % sgcre?i:) o

Peritubular
capillary

Renal — | Renal —
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=Blood =-Blood
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By end of proximal tubule have
reabsorbed:

60- 70% of water and sodium
about 100% of glucose and amino acids
90 % of K+, bicarb, Ca++, uric acid

Transport maximum — maximum amount
of a substance that can be absorbed per
unit time

Renal threshold — plasma conc. of a
substance at which it exceeds Tm.




Loop of Henle

* Responsible for producing a concentrated
urine by forming a concentration gradient
within the medulla of kidney.

 When ADH Is present, water Is reabsorbed
and urine Is concentrated.

« Counter-current multiplier




HENLE'S LOOP COLLECTING
DUCT

descending ascending J/
limb limb

J

NaCl g




Distal convoluted tubule and
collecting ducts

What happens here depends on ADH
Aldosterone affects Na+ and K+
ADH - facultative water reabsorption

Parathyroid hormone — increases Ca++
reabsorption
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Distal convoluted Medullary Medullary
tubule \ interstitial fluid interstitial fluid

/ DI|Ut\\ Concentrated

Hypertonic  yrine Hypertonic yrine
interstitial Collectmg lnterstltlal Collecting

fluid duct
(a) (b)




Distal convoluted tubule and
collecting ducts

* Tubular secretion to rid body of
substances: K+, H+, urea, ammonia,
creatinine and certain drugs

« Secretion of H+ helps maintain blood pH

(can also reabsorb bicarb and generate
new bicarb)
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Blood entubular capillary -
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Tubular Distal
““_ fluid convoluted
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Ascending limb Collecting
of nephron loop duct




Atrial natriuretic peptide(ANP)

* ANP Is released by atrium In response to
atrial stretching due to increased blood
volume

* Thus promotes increased sodium excretion
(natriuresis) and water excretion (diuresis) In
urine

é
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1) APs generated by stretch receptors

«2) reflex arc generates APs that

3) stimulate smooth muscle lining bladder
4) relax internal urethral sphincter (IUS)
*5) stretch receptors also send APs to Pons
6) If It IS 0.k. to urinate

—APs from Pons excite smooth muscle of bladder and relax
IUS

—relax external urethral sphincter
/) If not o.k.
—APs from Pons keep
EUS contracted




Reabsorption and Secretion

Concept of Reabsorption and Secretion




Filtration, reabsoption, and excretion rates of substances by the
kidneys

Filtered Reabsorbed Excreted Reabsorbed

(meq/24h) (meqg/24h) (meqg/24h) (%)
Bicarbonate (meg/day) 4,320 4,318 2 >09.9
Sodium (meg/day) 25,560 25,410 150 99.4
Chloride (meg/day) 19,440 19,260 180 99.1
Water (I/day) 169 167.5 1.5 99.1

Urea (g/day) 48 24 24 50




Two pathways of the absorption:

Transcellular

Lumen e Pathway

Paracellular
transport
Plasma
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GFR - Renin
—>Angiotensin
Blood Pressuref



Filtration Membrane:

Podocyte of visceral
. layer of glomerular
Bowman's) capsule




Normal Kidney:




Diagnostic testing

* |nulin clearance not absorbed or
secreted =

 PAH not absorbed ; actively secreted =
renal plasma flow

AR




SMOOTH MUSCLE

AFFERENT ARTERIOLE

AUTONOMIC
NERVES

EFFERENT ARTERIOLE

SMOOTH MUSCLE

FILTRATION
PERMEABILITY X
FACTOR

T e e e e e e e e e e e e e e

P

in)
PLASMA INULIN
CONCENTRATION

INTRA -~
CAPILLARY
HYDROSTATIC
PR[SS‘UR[

GLOMERULAR
FILTRATION RATE

GFR

INTRA~
CAPSULAR

HYDROSTATIC

PRESSURE

C ’I r/ ’/
OSMOTIC
PRESSURE
OF PLASMA
PROTEINS

(Uin)
URINE INULIN
CONCENTRATION

by X VY
P;

GLOMERULAR

FILTRATION

RATE (GFR)

1
(v)

URINE
VOLUME

MIN.




Sno

0,
L1 K3 EAKE KR LN oy

ITSERCILSCILICREITY

“inisl o}

Gy s

LR CRA TN AR N A AN S

C

v

«
¥
H
«
o
I
“
H
=

AT Tm ABOVE Tm

BELOW Tm
CONCENTRATION OF PAH IN PLASMA oo CONCENTRATION OF PAH IN PLASMA CONCENTRATION OF PAH
IS LESS THAN SECRETORY CAPACITY IS JUST SUFFICIENT TO SATURATE EXCEEDS SECRETORY
OF TUBULE; PLASMA PASSING THROUGH SECRETORY CAPACITY OF TUBULE TUBULE; PLASMA PA
FUNCTIONAL KIDNEY TISSUE IS FUNCTIONAL KIDNEY
ENTIRELY CLEARED OF PAH ENTIRELY CLEARED OF PAH

C\‘E‘ED AMOUNT _ AMOUNT AMOUNT
125 EXCRETED FILTERED SECRETED

/’
—
-

SECRETED =

SRR eseseseataieatnstarettnenann o . o
SesrssesencesenaneasnevessrenesenenssinsmTiorsctesnsascssnssassesscses

—
//

/’

PAH mg/min

-
D .~
\."Eﬂ: —
A=

f T
30 40 50
PLASMA PAH mg % (FREE)




[e[)*

felels]e[sTale]oTals]

-
Ppan RPF J Uban
PLASMA PAH RENAL URINE PAH

URINE VOLUME
CONCENTRATION PLASMA FLOW CONCENTRATION

PER UNIT TIME
Uppy X V
Ppan

RPF

Cran

PAH

RPF




. Thil &1

Osmoreceptors
in hypathalamus

Hy pothalamus

Incraased
permeability

Stimulus: Blood —'High
csmolarity increases HOMECSTASIS:
above set point (e.g., BLOOD
due to dehydration or

aating salty food) -

Low
(a) #

Angio-
tansin 11

'

Adrenal gland

Aldosterone
Artericle
\ constriction

Increased Na* and \JHigh
B e HOMEOSTASIS:

in distal tubulas --.____h__
BLOOD PRESSURE,
YVOLUME

Low ;

(b)

Drinking reduces
blood oamolarity
to set point

H,O reabsorption
helps prevent
further
dehydration

Collecting duct

Renin
Stimulus; Low
blood volume or preduction
blood presaure
{e.g., due to
dehydration
or lass of blood)




i Thir st
Osmoreceptors

in hypothalamus

Hypothalamus Drinking reduces
[] blood oamolarity

Increased v to set point
permeability | | \

H.O reabsorption
helps prevent
further
dehydration

Collecting duct

Stimulus: Blood —tHiElh
osmolarily increases o cnerac)s.

above set point (e.q., BLOGD
ﬂul to dlhg.rn:lratlan oF OSMOLARITY




Angio-
tansin 11

£

Adrenal gland

Aldosterone

Arteriole
congtriction

Increased Na* and \tHigh
H.O reabsorplion . —

in distal tu BLOOD PRESSURE,

Low #

(b)

Stimulus: Low
blood volume or
blood pressure
(e.g9., due to
dehydration

or loss of blood)

production




. Thil &1

Osmoreceptors
in hypathalamus

Hy pothalamus

Incraased
permeability

Stimulus: Blood —'High
csmolarity increases HOMECSTASIS:
above set point (e.g., BLOOD
due to dehydration or

aating salty food) -

Low
(a) #

Angio-
tansin 11

'

Adrenal gland

Aldosterone
Artericle
\ constriction

Increased Na* and \JHigh
B e HOMEOSTASIS:

in distal tubulas --.____h__
BLOOD PRESSURE,
YVOLUME

Low ;

(b)

Drinking reduces
blood oamolarity
to set point

H,O reabsorption
helps prevent
further
dehydration

Collecting duct

Renin
Stimulus; Low
blood volume or preduction
blood presaure
{e.g., due to
dehydration
or lass of blood)




Mechanism of Transport

1, Primary Active Transport
2, Secondary Active Transport
3, Pinocytosis

4, Passive Transport




Primary Active Transport

Peritubular
Tubular cell Interstitial fluid capillary

_ Diffusion

Na+/

> |

Active transport

channel
K* /

/)
Needs | } Basolateral

energy Na*- K* ATPase
carrier

\ > ) ,
Lateral Diffusion

space
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Secondary active transport

Tubular Tubular Cell Interstitial Tubular sl Interstitial
Fluid lumen Fluid
lumen co-transport counter-transport
(symport) (antiport)

Na*

glucose

Co-transporters will move one moiety, Counter-transporters will move one
e.g. glucose, in the same direction as moiety, e.g. H*, in the opposite direction
the Na*. to the Na*.

(XYY



Glucose Reabsorption

Glucose Is reabsorbed along with Na* in the
early portion of the proximal tubule.

Glucose Is typical of substances removed from
the urine by

Essentially all of the glucose Is reabsorbed,
and no more than a few milligrams appear In
the urine per 24 hours.
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Pinocytosis:

Some parts of the tubule, especially
the proximal tubule, reabsorb large
molecules such as proteins by
piNnoCytosIs.
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1. Transportation of Sodium, Water and
Chloride

(1)Sodium, water and chloride reabsorption
In proximal tubule

Proximal tubule, iIncluding the proximal
convoluted tubule and thick descending
segment of the loop




Froximal tubule

Na*. Cl , HCO; ., K*,
H»0. glucose, amino acids

¥4, [} \r A e v N " ;:-:. '(;,., '
."“"ﬁé eme Do
3 |sosmotic ANt Ty

Reabsorb about 65 percent of the filtered sodium, chloride, bicarbonate, and potassium
and essentially al the filtered glucose and amino acids.

Secrete organic acids, bases, and hydrogen ions into the tubular lumen.
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Sodium, water and chloride reabsorption In
proximal tubule

The sodium-potassium ATPase: major force for
reabsorption of sodium, chloride and water

In the first half of the proximal tubule, sodium is
reabsorbed by co-transport along with glucose,
amino acids, and other solutes.

In the second half of the proximal tubule, sodium
reabsorbed mainly with chloride ions.




Sodium, water and chloride reabsorption
In proximal tubule

The second half of the proximal tubule has a
relatively high concentration of chloride (around
140mEq/L) compared with the early proximal tubule
(about 105 mEq/L)

In the second half of the proximal tubule, the higher
chloride concentration favors the diffusion of this ion
from the tubule lumen through the intercellular
junctions into the renal interstitial fluid.




(2) Sodium and water transport in the
loop of enle

,/ .
'.' Proximal convolutgd tubule Dictalconvomtad tabals. \

The loop of Henle consists of
three functionally distinct
segments:

/

!
I
' Collecting duct - L
=

the thln descend|ng Segment, > Filtration

C> Water reabsorption
» Solute reabsorption

the thin ascending segment, => Secretion

I~ > Variable rate

and the thick ascending
segment.

Urine stor;
and eliminz



Control of Calcium Excretion

(1) Calcium is both In the kidneys but
not secreted

(2) Only about 50% of the plasma calcium is ionized, the
remainder being bound to the plasma proteins.

(3) Calcium excretion is adjusted to meet the body’s needs.

(4) Parathyroid hormone (PTH) increases calcium
reabsorption in the thick ascending lops of Henle and distal
tubules, and reduces urinary excretion of calcium

(5) little or no active reabsorption.




Thin descending
High permeable to water el il
and moderately e LT
permeable to most solutes
but has few mitochondria
and little or no active
reabsorption.

Thick ascending
loop of Henle

e

calcium

. PN

Na*, CI™. K*,
Ca** HCO5™, Mg**
,_'.";'ﬁg._ X

This segment also
secretes hydrogen ions
Into the tubule




Renal
interstitial

Mechanism [k
of sodium,
chloride,

and

Tubular
cells

Paracellular \\J

diffusion

potassium
transport in
the thick
ascending
loop of
Henle

Tubular
lumen
(+ 8 mV)

MQH", Ca++

Na+

>

Na+

K+




€ Proximal tubule

NaCl Nutrients
HCO,

'}iéi;jrfxff_ fﬁﬁ\

l

CORTEX

@ Descending
limb of
loop of Henle

H,0
OUTER
MEDULLA

INNER
MEDULLA

) Distal tubule

H,0
NaCl - HCOj;

N2\

€) Thick segment
of ascending
limb

NaCl

MNaCl

€ Thin segment| (@) Collecting
of ascending duct

limb
Urea
NaCl H,O

)/
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Filtration

Capillary-.__

"~ Excretory tubule

Reabsorption

Secretion

Excretion

Copyright £ Paarson Education, Inc., publishing as Benjamin Summengs.




Dsmolarity of
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fluid
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300
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Active
transport
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interstitial
fluid
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CORTEX

Active
transport

Passive
transport
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Renal Response to Hemorrhage

[ Hemorrhage j

1 Arterial

blood pressure

{Intrarenal receptors)

Carotid sinus and
aortic arch reflexes

~ Renin secrefionj

T Activity of renal *
sympathetic nerves
(T Plasma and renal reninj

angiotensin |

T Constriction of
renal arterioles

(J, RBF and GFRJ [ Tubular sodium and water reabsorption

T Plasma and rencl]

|

Renal
L excretion of
sodium and water




Role of the Distal Tubule and
Collecting Ducts in Forming
Concentrated or Diluted urine




The Effects of ADH on the distal collecting
duct and Collecting Ducts

CORTEX

A 4
Collecting Very
MEDULLA duct - \ concentrated

[]
(a) Absence of ADH \/ (b) Presence of ADH

Large volume Small volume of
of dilute urine | | concentrated urine




Obligatory water reabsorption

Lumen Proximal tubular cell Interstitial fluid
Osmosis
—— g —————— —— v 0[] e o ———— \\
Na* |
a =
I
I
|
: Hydrostatic
Osmosis Yy pressure
————— == H.C H.O >
Na+ > Na*

© 2001 Brooks/Cole - Thomgon Learning




Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

180. 180 Liters

0.6-2.5 Liters

Glomerular filtrate

(a) (b)




A Summary of Renal Function

CORTEX

300 .rosq—.ix ——
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reabsorp\ion
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Changes with aging include:

Decline in the number of functional nephrons
Reduction of GFR

Reduced sensitivity to ADH

Problems with the micturition reflex
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pH

 Normally 4.8 — 8.0
* Higher in alkalosis, lower in acidosis
* Diabetes and starvation | pH

* Urinary infections 1 pH
— Proteus and pseudomonas are urea splitters

AR




Specific gravity

* Normal values 1.025 -1.032

» High specific gravity can cause
precipitation of solutes and formation of
Kidney stones

* When tubules are damaged, urine specific
gravity approaches that of glomerular
filtrate — 1.010 — remains fixed = 2/3 of
nephron mass has been lost

\EX




* Diabetes insipidus = 1.003
 Diabetes mellitus = 1. 030
* Emesis or fever = 1.040

V¢




Microscopic analysis

Red blood cells — should be few or none
— Hematuria — large numbers of rbc’s in urine
— Catheterization
— Menstruation
— Inflamed prostate gland

— Cystitis or bladder stones

Crystals —

— Infection

— Inflammation
— Stones

White blood cells
— Pyuria
— Urinary tract infection

Bacteria

YEY




Urine analysis
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Substances NOT normally present
In urine
Acetone
Bile, bilirubin
Glucose

Protein — albumin
—Renal disease involving glomerulus
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SECTION THROUGH umeves
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Urinary Bladder

T 7ok i Jall ) 33aS Jai ¢ Jhallas Jliae GusS (e 3 )ke 44 gl 456
ds...u\mu_@adsﬂ\mu\ubd\dm\&\d‘m&mumjuéﬁ\d;buﬁhy
a3 A 4y S ot Joll Jpa s Ladic USSJA_\SMML;Q}MJJMJ\JAQ_\\JLESA

\%J‘AAA\JACva;uA‘4A4pAS

QL\\A.LE@J‘L)AMM‘J‘JAHSJ.U

3ala J‘)S'U JM\&L{)JE‘\JM\ MJ\LDJ\AGAJ(MB‘JM)MLM\M\-\
Alaall LAl

daall g Adalaal dauhall fn le Jhall dabia Al e 3 e ¢ Addaldal)l st daukal)- Y
M\A.d\.d\

2 AN (8 A gl g daus sl (8 2y sy Jalall Al s CiSlme (o ()5S Auliaall il Y
(Internal sphinchtor) ‘\_\AA‘JS\ bjmuu LJF e ‘\.1).1\35‘ LJL\SY\ UJSJ L.sjj'd‘ )Mj‘ e g,
@Egﬁu)taacwu;ﬂu@b@aﬂ}a&\oy\ﬂ\hyoy\ﬂ\c&u&i

AALudlcgjﬂaﬂ Cgbad\ LgJM ejp{}nqpﬂ cLie Aala) Cpe oy ST Aaliadll daudal) -

é

(YY1}




Urethra
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Micturation
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Micturition

Once urine enters the renal pelvis, it flows through the ureters
and enters the bladder, where urine is stored.

Micturition Is the process of emptying the urinary
bladder.

Two processes are involved:

(1) The bladder fills progressively until the tension in its wall
reses above a threshold level, and then

(2) A nervous reflex called the micturition reflex occurs that
empties the bladder.

The micturition reflex is an automatic spinal cord reflex;
however, it can be inhibited or facilitated by centers in the
brainstem and cerebral cortex. @
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