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Genitourinary system
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MECHANISMS OF GFR REGULATION
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Genitourinary system
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AUTOREGULATION:
INTRINSIC ABILITY OF KIDNEYS TO REGULATE ITS OWN BLOOD FLOW TO
MAINTAIN CONSTANT GFR

Autoregulation = intrinsic

AUTOREGULATION=> CONSTANT RBF & GFR OVER P CHANGES 80-170 MMHG

TWO MECHANISMS INVOLVED IN RENAL AUTOREGULATION:
|-MYOGENIC RESPONSE

2-TUBULOGLOMERULAR FEEDBACK
oo sy 598 Slbaally i pliac (ping MYO aouwl o ;9@ a10llg Myogenic response-\
VD aug2y gl VC aluam Lol leeyt tone Jl
high RBF>> in the afferent arteriole >> stretch receptors detect this increase ( this
initiates Ca++ entrance ) >> muscles contraction VC > less blood flow

| Bopangcapsyl
Smooth muscle Affereri arteriole
(w/ VSMC) ~\ lomerulus

o }RBF =4 Hydrostatic pressure against the

walls of the afferent arteriole. +low of Ca from ECF into cells

e Stretch receptors in VSMC initiate VASOCONSTRICTION.
Vsmc=Vascular smooth muscle cells
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juxtaglomerular apparatus is a specialized structure

formed by the distal convoluted tubule and the
glomerular afferent arteriole

Its main function is to requlate blood pressure and GFR

Afferent
arteriole

It's made up of juxtaglomerular cells and the macula

S==9 /~Internal
elastic
lamina

densa

The macula densa is a collection of specialized epithelial
cells in the distal convoluted tubule that detect Na
concentration of the fluid in the tubule
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Juxtaglomerular apparatus
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Tubuloglomerular feedback

Distal tubule Efferent url:e\r\lolu Bowman's capsule _Glomerulus
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ALDOSTERONE PROMOTES
DADT T\M A THE REABSORPTION OF
Fakl WU SODIUM AND WATER

RENIN-ANGIOTENSIN SYSTEM WITHIN THE KIDNEYS,

ANGIOTENSIN 11 CAUSES
VASOCONSTRICTION, RESULTING
IN INCREASED BLOOD PRESSURE

=y

BLOOD VOLUME
INCREASES, FURTHER

e THE CIRCULATING
A)2 :

RAISING THE BLOOD
| { PRESSURE

ANGIOTENSIN 11 ALSO
STIMULATES THE ADRENAL GLANDS
TO RELEASE ALDOSTERONE
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Genitourinary system

Other Hormonal regulation of GFR
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Adrenaline, afferent
noradrenaline vasoconstriction

Prostaglandins  afferent
and bradykinin vasodilator

.nervous system JI ;o Lhyl 5,9 Siligo, ¢l 231 ail & 28 Ly
Renin and ag2 Ji lac L, Afferent Jlc Javis Sligo,dl Jo ole J<uiug




Genitourinary system

Strong sympathetic stimulation™ vasoconstriction (Afferent)=» § GFR
Moderate sympathetic stimulation™ little effect

.Sympathetic have little influence on RBF ( ¥ RBF)

% sympathetic stimulation™ Renin

Nervous regulation of GFR and RBF Sympathetic is important in acute
disturbances (e.g. defense reaction, brain ischemia, or severe haemorrhage)
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Genitourinary system
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Clearance

Volume of plasma completely cleared of a substance by both kidneys per
unit time

Clearance measures how fast theis substance is removed from
bloodstream and excreted in urine.

High clearance quick removal, Low clearance slow removal

@ To quantify renal function (RBF, GFR, reabsorption & secretion)

oaili ) ailly alda oo ail Tad 2l ogo Yhal vazh . Slgoll o palazll de . g clearance J|
secretion gl reabsorbtion ,La 13l & ,cl ;a9 GFR , RBF Jl do.8 JUS 0 -kideny function Jl

Cs x Ps = Us xV

Cs = Us x V = urnne excretion rate
Ps Plasma conc.

Cs = clearance of substance S

Ps =plasma conc. of substance S
Us = urine conc. of substance S
V =urine flow rate




Use of clearance to measure GFR:

For a substance that is freely filtered, but not reabsorbed
or secreted (inulin, 125 I-iothalamate, creatinine), renal
clearance is equal to GFR

Amount Filtered = Amount excreted

GFRXPin = [L.xV

GFR

reabsorbtion J! U, 25 log had nJ.’.'J.n txloc lel 1maly algo .,,.n ail dualoll .A.J.rbla.o.".! HAEN

Bia s113< 8)9<30ll Algoll (niilig excretion al uad lad Wl < izl secretion Yg
Amount of filtered creatinine = amount of excreted.
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Abnormality (b ¢,9<s Epdloll 8 walnoll lic Byla (WlIN125 JI e ax2 o< 131 GFR I
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.GFR I




Genitourinary system

Creatinine clearance to estimate GFR

Advantages:

-ClLeared from the body fluids almost entirely by glomerular filtration

-Not require intravenous infusion

Disadvantages

-not perfect marker of GFR because a small amount of it is secreted by the
tubules amount of creatinine excreted amount filtered a slight error in
measuring plasma creatinine

-euall Lieuh amit dalo I il creatinine JI 4.0
Jradl ishe lo (L2l mild secretion lgl,.ia; ail GFR JI 3.2 marker o lgil lgudw Xl
GFRJ! i,




Genitourinary system

RPFJI wiluay acluy clearance JI

Use of clearance to estimate RPF

Theoretically, if a substance is completely cleared from plasma™ its clearance rate
=renal plasma flow (RPF)

Clearance Amount of substance delivered to kidneys in blood= Amount excreted in urine

(RPF x Ps) = (Us XV )
RPF = Us xV/ Ps

Cx =renal plasma flow

Use of PAH clearance to estimate renal plasma flow Paraminohippuric

acid (PAH) is 90% filtered and secreted and is almost complete cleared

from the renal plasma

RPFx P, =UpyxV

amount entered = amount excreted RPF — i 2

PF’AII

RPF = Clearance PAH

To calculate actual RPF , one must correct for incomplete
extraction of PAH

utaadl (ishet al, sla daloll aiY RPF JI lgso & = total secretion g filtration lgl .., substance 4 13l
wily lo glh olll adi g2 Jao (oLl awdi il totally cleared ,9<3 daloll sla o549 glomerulue JI i< Lol
.clearance %90 L1 .i.0, daloll slag PAH I asd 213l [Dagag Balo v bl es g

103 ga 1 3R 08 Il ail b <l (120 o) s9luy Clearance for pah Jl ail ¢ lazolly o<Itin gl 2la @ ,g2<ull
RPF Ji

Hlas Gogo Lil alls jgu<all dsLal

0.9 (slc agusiil 0¥ RPF JI casal (s34 131 ¢ lojUally Jody %10 (03 PAHJI ¢y il Lo

AV apbgi 1329 0.9 (e Lo oy RPF JI &k §,g2<allg clearance gaeo o, latoll &k gl (il
actual Jl dxad e aaluall loa




Genitourinary system

Calculation of tubular reabsorption/excretion

® |f the rates of glomerular filtration and renal excretion of a substance are
known, one can calculate whether there is a net reabsorption or a net
secretion of that substance by the renal tubules.

® |f the rate of excretion of the substance (Us X V) < the filtered load of the
substance (GFR x Ps), then some of the substance must have been
reabsorbed from the renal tubules.

® |f the excretion rate of the substance > filtered load, then the rate of
excretion= sum of the rate of glomerular filtration plus tubular secretion

Aasolle g;<) Bhluy J< 5a & jg2¢all

b jla 131 b Buod oyl glhg pgadgma Silia yac glomerulue JI wle Jaa gl GVl (iny
.reabsorbtion
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Genitourinary system

Tubular Reabsorption
Return of filtrates from tubules To circulation through diffusion &
active transport.

o selective

® Most waste products (e.g. urea, creatinine, uric acid, urates) poorly
reabsorbed.

® Most electrolytes (e.g. Nat, K+, HCO3, Cl-), nutritional substances
(e.g. glucose) are almost completely reabsorbed

circulation JI (lc tubules JI ¢,0 substances Jl ga 1 LS Lol disaloll 8 palaoll AL 4
S gt lgany aelll il Lud Izl non selective daloc ax@ @ 2ldll ail Ly s13<
secretion Jocl sas giig @)




Tubular Secretion

Movement of molecules from blood

into tubule Excretion of waste

products (e.g. Ht, drugs and toxins). 3 {y ‘

distal

convoluted ’

tubule
|




Reabsorption of H,O and solutes

FILTRATION
Peritubular Tubular *

capillary cells
Lumen

Mediated by hydrostatic & |
colloid osmotic forces ] o e SFasion T
| Bulk p— path

flow Transcellular
« path

=
-

-(!— Osmosis-(—f;:— H-0

l\\—--—-—__—-—-— —— e

REABSORPTION EXCRETION

\

Twater and electrolyte Jl reabsorbtion ,uay 8.<

gl dulall ,uc (ioy Trancellular path ggaoms VS §a,b e Jaz reabsorbtion JI dxloc
.circulation Jl alasly g9 19 tigh junctions JI &0 Lidall ¢ iea paracellular path
aaat oj¥ active transport gl ;< 2ll g8 vuua passive diffusion ol s Lol soulutes I
rylhao

eledl 5l (ol a¥oMI JSYI 5<%l 0 iy OSMOSIS, JLy water JI Lol

o¢ic byl (ol hgdaall ogule diza tubular cells Jl gayg Jilgull l3ay Lol a3z Lud
alaily Jilguall 3,257 ail ogtlianeg .Colloid,hydrostatic pressures Jl izaloll d Jalaolly
.capillary Ji
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Genitourinary system

ACTIVE TRANSPORT

® Moved against electrochemical gradient
® ATP-dependent
® Primary active transporters in kidneys:
l. Na - K ATPase
2. H ATPase
3. H -K ATPase
4. Ca ATPase

PUMD og.uligs 0gagaall (Lo (<30 o<uldg ATP (ol aliay oeldi o< Jgaa
Balall &laalaolly Jg3a Lo 9,058 Bxaloll dndmally aliyla (ol

Reabsorption of H,O & solutes is coupled to Na™ reabsorption

(8)g0ally ausll) 0gaaguall pabatsl e dotey slgoll J< | pabatsl Salel ail b 23 ogo

Jilgu yalalg diom lpzabogs pgasgeall daly; ail gaguusy sed ¢ lusc Exa )18 Goglag
G0 igne GlS slo 3dg G9Ra alhy 59<u &gl Jita Tagg Lol Guomll ol
p33yel




Primary active transport of Na*

proximal

Peritubular Tubular
capillary epithelial cells

Passive diffusion of Na q - L_
1) Concentration gradient T Oir o, ——

difference
2) -70 mV intracellular 140 mEq/L

-C'

. - ) - —;_-" -’
potentlal attracts pDSlthﬁ Na ; . K-i- {QJ (-3 mv)

_ _(-70 mV) E;/Tlght]unctmn
~ =|Brush border

—:’7 Basal =’ |(luminal

i’; > channels \ = membrane)

Interstitial Basement Intercellular space
fluid membrane

JelB 36 1 Bl Jalo 7<% pllll Lt pgaagen ¥ 9,0 2, UMbl o3ty pgsagenl

J |~ passive diffusion o oo al) Wil @le 07 <% ldg 93390 b 2 98 PCT g
3¢9 aalhi pumb ogsuligs 0ga3guall @22 (uasug cell JI ol lumen i 4o 0gaaguall

Saiil JSamg 094390 @1290 olaai ¥ glhsy L3V dalall Jals dallall 3352 pumb JI la s11a<q
passive al,1a19 wiagoll 0g9a3gmall 3aTd slag 70— o &:a 8 electronegativity JI .ty
gLl g, 89 ;<21 §,8 oo damcellc )l lumen I Go 09139.alls diffusion




Mechanisms of secondary active transport.

Interstitial Tubular Tubular
fluid cells lumen

Co-transport _—

Passive facilitated diffusion -

Counter—transp&i‘“

' Na* Na*
@ SR Na-H exchanger
K* —— H*
v .

il Jga o oamg Jala Jala 0ga3gmall saic 92
A.A Jlg jo<qlall J2o CO transport ago aa JA3ug 0gaagmall o3y ail Lol

Ox29,3:¢11 Jo Counter transport |, laa glhig 0g1394all Ja 39!
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Reabsorption of H,O & solutes is coupled to Na* reabsorption

H20 is absorbed by osmosis through aquaporins or tight junctions
Proximal tubules are highly permeable to H20

H20 osmosis drag other solutes (Na, Cl, K, Ca & Mg) mainly in proximal T.

dals &laalae leles ia proxima part more permeable I ail ;< i

Reabsorption of Cl & urea

Na* reabsorption
* Cl reabsorption 1

- Passive diffusion (paracellular pathway) due to
Na (+ve) and water reabsorption

-Secondary active transport = Na-Cl l l
cotransport

H,O reabsorption

Lumen Luminal

f negative Luminal CI * urea

potential concentration concentration

* Urea reabsorption Jr J’ l

-Passive

Passive CI~ Passive urea
-Urea transporters reabsorption reabsorption

Capyegre © 2071 2008 py Samaent ar e oF S o

Bl o 49< AylAllg wallu ai¥ 3 hiy al) Bl lga JA3; Lo Jol 3al i<l
passive transport, Jis ecf JI alh.(d
plaill o iR aila i yqe<all bl &,
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