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1. EIXAI'QI'H XTH ®YXIOAOI'IA TOY NE®POY

OL vedpot eivat {wtka opyava riou Stadpapatifouv Kpiolpo poAo otn datipnon
TNC OHOLOOTAONC TOU OPYOVLOMOU.

Ot Baolkeg Aettovpyieg Toug eplAapavouv:

e Tn pUBULON TNC LOOPPOTILAC TOU VEPOU KoL TWV
NAEKTPOAUTWV

e Tnv amekkplon PeTaBoAlkwy amoPANTwVY

e Tn puBpLon TNG OPTNPLOKNG TILECNG

e Tn oUVBEeON KoL EKKPLON OPUOVWV

e Tn Satrpnon tng oeoBaacikng Loopportiag




ANATOMIA TOY NE®PPOY

Nedbpikdg UEASC OL vedpot eival omtoBormepLtovaikd

Emwvedpibio  NEPPKOS Prowds / dpyova

Mepirovia tm>'\‘/

Gerota N
.

Nepwedpiko /

» Bplokovtol eKatépwBOev NG
omovOUALKAG oTAANG, oTto VY oC
Twv 012-03 onovoLAwv.

_ » 0 6e€10¢ vedpoc eival ehadpwg

"'\ XopnAotepa AOyw tNG

] TIOPOUCLOC TOU NTTOTOC.

» KaBe vedpocg meptBarAeTal amo:

* Ivwdn kapa (seowtepka)

* Nepvedplkod Almog

* Nedpikn neptrovia
(Meptrovia Gerota) n omola
EKTOC TOU veppoU
nepPAAAEL Kal Ta
emwvedpidla

Nedpikn moeAog

Oupntrpag



ANATOMIA TOY NE®POY

NE®POI NE®PIKES MYPAMIAES

(MYEAQAEIS AKTINEZ) 2€ EVdeGLa tour'] avavapi(ovratz
®AOIQAHS SHIEGIA ANQ MOAOZ . , , ,
OYIIA ™~ EMIGANEIA NI ¢ 2 moAoL, Avw Kal KATw
) / OHAH
EZQ XEIAOZ R~ ECE)?/)\TA KH
' i s 2 xel\n, €€w Kal €Eo0w. 2TO €0W
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Xethog mapouoLaleTal Lo 00X

EAAZION i , , :

Kﬁé\lﬁiH ; / EZQ XEINOZ LECW TNG OTolaC ELOEPXOVTAL
MYAH s NeRk kKAQdoL TNG vedpLKNG aptnplag
MG KOLL TWV VEUPWV EVW EEEPYOVTOAL

— MNPOZOIA

EMI®ANEIA kAadoL TnG vedpkrg dAEBag
nolt pe tnv vedplkni mueAo

NE®PIKH MYEAOZ OYPHTHPAZ [ INQAHZ KAYA

KATQ NOAOZ , :
MYEAOX * 2 otolfadeg o pAolog

eEWTEPLKA, TTOU TtepLAapBAvel
TOL OTTELPALLOTOL, KOLL TULOTOL TOU
ocwAnvaplakol CUCTHUOTOC KAl
0 MUEAOCG TIou TteplAapuBavel ta
UTTOAOLTTOL TULAMATOL TOU
owAnvapiov
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NEDPONAX

H avatopikn kot Aettoupyikn Hovada Tov VEQ@POU EIVAL 0 VEQ@PWVAC.

ATtotedeltal aTtO:

A)To Nedppiko Zwpatio

Mpwo aBpot- TUvBETKG
ZWA&E;O 0TIKG GWAVADIO oAV
L aon s ANw EOTEPApEVO ,
‘ owAnvpio > ITE Lpapa

Anw
EOMEIPAYPE-
VO OWANVApLo
Nopapuehikdg
Mpooaywyo
apmpidio
Kaya xat
Koomra
10U Bowman
Eyyug
E0TEPAUYE-
VO OWANVapLO
Eyyug euBu
owAnvapio

Maxu avidv oxéAog
MG ayKUANG Tou
Henle

Aerto kandv okEAOG
™G QYKUANS Tou
Henle

Aento aviov
OKEAOG NG

QyKUANG Tou Henle

14
b » Kaya tou Bowman
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OA0IOZ

Evyic €0
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| Eyyug eudu
owAnvapo

| __— Maxy avidv oke-
Aog MG aykUAng

B) To vedpikd ZwAnvapLo
» Eyyug eomelpapEVo
» AykUAn tou Henle

» Anw €oTELPAUEVO

» ABpoloTiko

EZ0 MYEAOZ

‘E&w puehixdg
aBpoloTikog
nopog

EZ0 MYEAOZ

‘Eow puehiog a-
BpotoTIkGg nopog

Nopog tou Bellini



EIAH NEDPPONQN

YT1rdpxouv dUO0 €idn ve@pwvwyv
A) O1 DAoiwdeig veppwveg (cortical nephrons)
B) Ev Tw BdBeI 1) puelosideig veppwveg (juxtamedullary nephrons)

K

Medulla
collecting ducts
\N
/ ——\
~ Calices ™
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(pelvis)




EIAH NEPPQONQN

Xapaktnplotika | PAowwdelg veppwveg Ev tw BaBeL (puehosldeic) veppwveg
; Kupiwg otov ¢pAolo tou Katwtepo Tunpa tov ¢pAoto,
O¢con " , . .
veEppoU gmektelvovtal Babla otov puelo

Mnkog aykUANG | Kovtr aykUAn Henle, ptavel | Makplad aykuAn Henle, ptavel Babla

tou Henle gAALOTOL OTOV LUEAO OTOV HUEAO
B upyic Zu!.luﬂéxouv Ku’piwq oTn Pu?ui{ouv tr]v' LO’OppOT['LO’L VEPOU Kall
dNOnon Kal anekkpLon aAdTwV (ouykEVTpwaon olPwWV)

AYYELWVOVTOL ATIO TO AYYELWOEC ALY
Ayyeiwon Aptnpidla tou pAolov (vasa recta) mou BonBd otn cUYKEVTPWON
TWV 0UPWV

» OLdArowwdelg vedpwveg eival o ouxvol (V85%) kat oxetilovtal He tTn Paoikn
Aeltoupyia Tou vedppou

» OLpueloeldeic veppwveg (~¥15%) mailouv KpLolpo pOAO 0T CUYKEVTPWON TwV oUPpWV
Kal otn dlatrpnon tnG USATIKAG LOOPPOTILOG TOU OPYAVIGUOU




NE®PIKO XQOMATIO
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Proximal

capsule

Parietal layer of Visceral layer of Bowman's
Bowman’'s capsule

capsule (podocyies)

Basal
lamina
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Renal Proximal ~ Loop of Henle _ Distal Collecting

Corpuscle  Convulated  —sewmmmers - Convulated Duct
P Tubule Limb E Ascl:-tia;%mg Tubule
A Reabsorption, i Reabsorption,
Filtration Secretion Solution Secretion
(Vital) Concentration ("Optional™)

Lactates,
Sartans Urea

0 Ketones

Nephron

Legend Dopamine

Aa. -Amino acids

ADH - Antidiuretic hormone
Ald. - Aldosterone

ANP - Atrial natriuretic

peptide
AT Il - Angiotensin Il
UroD - Urodilatin

@@Michc? Komorniczak,
POLAND 2008.
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Furosemide




AITEIAKO XY2XTHMA TOY NE®PPOY

Nedplkéc dAEPeC
) <
NECpr’(F-C NeplowAnvapLoko
aptnpLe TPLXOELOLKO bikTUO

I BAZIKO AITEIAKO AKTYO TOY NEQPOY
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2. NE®OPIKH KYKAOPOPIA
KAI XIIEIPAMATIKH AIHOHXH

NEQPIKH AITEIQZH => 2 tpiyoeldika diktua mou Bplokovtal 0€ CUVEXELD

YWHAHZ MNIEZH2

* 2MNEIPAMATIKA TPIXOEIAH
» AinBnon aipatog
» Nopaywyn Mpoolpou

XAMHAHZ NIE2ZH2

* MEPIZQAHNAPIAKA TPIXOEIAH
* EYOEA TPIXOEIAH

» Metadopa ofuyovou/
BPEMTIKWY OUCLWV OTA ETILONALAKA
KUTTOpO

» Enavappodnon udatoc npog
OUOTNUOTIKN KukAodopia

(glomerulus)

Renal

corpuscle Glomerular
(Bowman's) capsule

Glomerular capillaries Proximal convoluted [ Interlobular vein
tubule Interlobular artery

Afferent arteriole

/ Efferent arteriole

(T ?»\l'n._\‘-"

[ HOAAS

‘| \ »\T-':V'/
Ureter | Kidney

Renal
pelvis

(a)

Distal convoluted tubule
Collecting duct

Peritubular capillaries R f
' T\ &) .% 251
[, | \ ~ ‘\. Y, "‘ \V/
s / . AN ,r{\'_‘\_ v
Ascending or thick limb = ‘V-&./{ | ’ ‘\“i‘ ' e ‘_‘_3.3
of the loop of Henle 4 ) Il 1 X ) +\_ Juxtamedaullary
——~-‘_""'§ i\'i =3 S “l = nephron
SR |
p— N2 :’4 / Cortico-
Cortical — /" \/ wll/ medullary
nephron 4 [ \ junction
) Vasa recta
Descending
or thin limb
of the loop
of Henle = Juxtamedullary

./ nephron



2. NE®OPIKH KYKAOPOPIA
KAI ZHEIPAMATIKH AIHOHXH

Ta mpooaywyad Kol Ta armaywyad
aptnpidla npoodEpouv uPnAn

QVTLOTOON OTN POr) TOU aipaToq 100 o
Note the sharp decreases in
H aptnplakn mieon HELWVETOL OO 80 pressure across the afferent
Vascular and efferent arterioles.

95 mm Hg oTLC vePpPLKEC apTnPLEC

. , pressure
o€ 8 mm Hg otic veppilkeg AEPEC (mm Hg) 60
) Mpootatevel Ta 40
Avtlotaon . :
OTIELPAATA ATIO TLG , , :
ota SLAKUUAVGELC TNC Relatively high
poocaywya GUGTNUOTIKAC o0 || hydrostatic pressure
aptnpidia: 0T OLOIKE i is maintained along the
PRl g glomerular capillary.
0 = I I I
p . o Q L L
EvioxVet tnv uPnAn (g)é .k@ \\rzr6 § \\ezy's 9 9
Avtictao s 1T I o > ) S ~ ~
N onelpapatikn nieon N Q & Q > I
g @ & = & § S
S S x> X X N g &
anaywya , , E ¢ ¥ ¢ ¥ O
aptnpidio I\/'Istwvamv u6pootayu<n @ ég} Qi\{b § $
Tileon ota neplowAnvapLa ¥ (}o Qq}‘

TPLYOoELdN ayyeia

Boron & Boulpaep: Medical Physiology, 2nd Edition.
Copyright © 2009 by Saunders, an imprint of Elsevier, Inc. All rights reserved.



AITEIAKO XY2XTHMA TOY NE®PPOY

Ta tpryoeldn tne pueAwdouc poipag
aveEpyovtal ancuBelag otnv €Ew
otifada auTnC LE AMOTEAECHA TO
QO TTOU ELOEPYETOL OTNV E0W
oTfada Tou HUEAOU va PNV €XEL
ekteBel MponyoUpeva ota cwAnvapla
NG €€w oTIPASAC EAAXLOTOTIOLWVTOG
TLIC OTTWAELEC NAEKTPOAUTWV OTNV
HueAwdn poipa.



POH AIMATOX XTON NE®PO (RBF)

Aivetal ano tn oxéon:

O vedpoc AapBavel RBF= AP / R
nepimou 20-25%
NG KapSLaKNG ) o ,
napoxic AP ELVG’L n 6La¢9pa msonq' HETAEL TNG
VEPPLKNG aptnplag kat pAEBag,
R n ouvoALkn vedpLkn ayyeLokn
avtiotoon.

Napayovteg nov KaBopilouv to RBF

» Ol petaBoAEC 0To TOVO TWV
MPOCAYWYWV KOl ATTaYWywvV
opPTNPLOAiwY

» H autoppuBuion HEcw pUoyevoUg
HNXOVLOMOU Kol
OWANVOPLOCGTIELPOLLOLTLKAG
avatpododotnong.

H pon aipoatoc otov vedpo (Renal Blood
Flow, RBF) pupiletal amno dtadopouc
UNXQVIOUOUG, OTtwG N autoppubuion Kal
Ol TOTILKOL VEUPO-OPLOVLKOL TIOLPALYOVTEC.



[IAPA'ONTEX I10Y EITHPEAZOYN TH

LIIEIPAMATIKH AIHOHXH

Tissue fluid

Where P, = hydrostatic
pressure in the
capillary

n; = colliod osmotic
pressure of
interstitial fluid

P; = hydrostatic
pressure of
interstitial fluid

; np = colloid osmotic
Arteriole B . AT Venule pressure of Bood Hyirosizic

blood plasma Pressure
S5mm Hg

Arterial end of capillary Venous end of capillary
(Pe + m) = (P + mp)
(Fluid out)  (Fluid in) |
(37+0) - (1+25) (17+0) - (1 +25) T
=11 mmHg =-9 mmHg
Net filtration Net absorption

t =
30mm Hg
+

et Cutvard Pressure
10 mm Hy




PYOMOX XITEIPAMATIKHXZ AIHOHXHY.
GEFR

O puBuoC omelpapatikic S1NOnong ivat o
OYKOC TOU aipatog mou GIATpApETAL Ao T
OTELpAATA 0T povada tou xpovou (GFR =

nepimou 125125 mL/Aentod) ki elvat avaloyoc , ,
NG USPAUALKA G SlamepatotnTag Tou ppayuol S NE@pLKNG AuToppuBjuang
d1NBnNoNG KoL TNG CUVLOTAUEVNG TNC (Mnxaviopog Muoyovikng Amokplong)
VOPOOTATIKNG KoL TNC KOAAOELO WOUWTLKAG
TILEONG OTA OTIELPALLOTLKA TPLXOELON.

™G PUBULONG HEow Tou Agova Pevivng —
Ayyelotevoivng — AASootepovng (RAAS)

O GFR gAéyxetal HECW TPLWV UNXOVIOHWV:

TOoU Jupmnadntikol Neuptkol ZUCTAHOTOG



AYTOPPYOMIXH THX NEPPIKHX
AIMATQXHY (Ne@pikn AvtoppuBuion)

Maptnplaknc rieonc: To
Ipooaywyo apTnpPLoAlo =>
OUOTIATAL AVTAVOKAXOTIKA
(avénon tn¢ avtiotaoncg tou
ayyeiou) EtoL WOTE N
QULUATWON VA UEVEL TEALKA
otavepn.

Jdaptnplaknc rieonc : ayysioouoTiacnh)
=>ayyeLodLaoToAnN =>ueiwan : '
TNC QVTIOTAON, ETMITPENOVTOC
ULOL CUVEXN OUOLOUOPPN pOon
aipatoc.




GFR og L/24h

AYTOPPYOMIXH THX NE®PIKHX
AIMATQXHX

Méon Aptnplakn Mieon o mmHg H wkavotnta tou vedppou va dtatnpetl
>0 otaBepo tov GFR mapatnpeital og
200 - TLUEG Al: 90-190mmHg kal taveL va
150 l \ \ urtapxeL otav n MAM méoel KATW amnod
100 Ta 70mmHg.
AYTOPPYOMIZH
50
0
0 50 100 150 200 250
< RBF
E
e
E
£
o
3
[N
GFR
1 | I I
0 50 100 150 200

Arterial blood pressure [mim Hg)
(© Elsevier Ltd. Berna at al: Physiology 5E www._studentconsult.com



MHXANIXMOXZ MYOI'ONIKHX AITOKPIXHX

Glomerular hemodynamics EE(XO'CI)(X)\(ZE[ 0ta9£pr'] pOﬁ
ol{jLatog 0To oMElpapQL,

Artlel;iolar Renal blood = le?t =
resistance K P = ETessurs: HECOW QVTAVOKAQOTLKAC
Control — = - - oloTaoNG TOU POCAYWYOoU

Increased ﬂ

Decreased ﬂ
afferent V’—

Increased A
efferent v

S ﬂ
efferent v
Clnevier toms 2007 by Mosby, Inc.. an affiliate of Lisevier Inc

amoywyou aptnploAiou,
OTaV QUEAVETAL N
opTNPLAKN Ttieon Kal To
aVvTiBeTO, OTOV HELWVETAL,
HE anotéAeoua o GFR va
TLOLPOLLEVEL OXETLKAL
otafepog o€ Eva eupu
daopa aptnploKkwv
TIECEWV

—_— — —>
«— — —>

» MetaBoA£cg Tou TOVoU Tou npocaywyoul aptnptdiov mpokaAoUv petaBoln
¢ RBF kot tn¢ GFR tpog tnv ida katevBuvon. To FF v petafaAAstal.

» MetaBoA£c Tou TGVOU Tou amaywyou aptneidiov npokaAouv petafoAn tng
RBF kot tn¢ GFR ntpog avtiBetn katevOuvon. To FF petaBaAAstal.



MHXANIXMOXZ THX XQQAHNAPIO-
LIIEIPAMATIKHZ ANATPO®OAOTHXHX

Distal tubule Efferentarteriole Bowman’s capsule _Glomerulus OER Incresses.

Proximal
= Macula A tubule v
@ow through tubule increases.
T

Flow past macula densa
increases.

v

Paracrine diffuses from macula
densa to afferent arteriole.

v
{Affennt arteriole constricts.

.

Resistance in afferent
arteriole increases.

arteriole
Granular

cells

— Collecting
duct

Hydrostatic pressure

Loop in 9_|omerulus decreases.

of v
Henle

' GFR decreases.

O UNXOWVLOMOG TNG CWANVAPLO-CTIELPAUATIKNAC avatpododoTnong otnpilleTal oTnV LKAVOTNTA TWV

KUTTAPWV TNG TTUKVAG KNALSaG va Aettoupyolv wg xNUELoUTIOSOXELC.

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings



MHXANIXMOXZ THX XQQAHNAPIO-
LIIEIPAMATIKHZ ANATPO®OAOTHXHX

Auénon tng ouykévipwonc xAwptou (Cl) otnv mukvh kNASa
AmnteAeuB€pwon napakpvikwy pecolaBntwy, ATP, adevoaoivng kat Bpoppotavng

JUOTOAN TWV AElWV HUTKWV KUTTAPWYV TOU TPOCAYwWYoU apTnPLOALOU, LE OKOTIO T MELWON TNG
veEDPLKAC pONC TOU atpatog Kat tnv enavadopd tou GFR og pucloAoyko eUpocC.

Melwon otn cuykEVTpwaon tou xAwpLouyou vatpiou (NaCl) oto anw cwAnvaplo => aneAeubépwan
NG PEVIVNG Ao TA MAPACTIELPAUATIKA KUTTAPO

Ayyelotevaivn Il. => AASootepovng => Katakpatnon vatpiov //AnEkkplon KaAiou

AmnteAevBépwon npootayAavdivwy PGE2, PGI2 kat povoéeidlou tou alwtou (NO) => StaotoAn tou
pocaywyou aptnpioAlou

Awatipnon vedplkng atpdtwonc kat GFR.



LYMITA®OHTIKO NEYPIKO XYXTHMA
KAI NE®PIKH PYOMIXH

* Ta vedplka ayyeia
o . 0 Efferent Glomerulus
VEUPWVOVTOL ATTO VEUPLKEG arteriole

lveg Tou cupmaBntikov
VEUPLKOU cuoTtApatog (IN2).
Yo $pucloAOYLKEC CUVONKEG,
T0 2N2 OUMUETEXEL OTNV

Proximal

Juxtaglomerular cells ——— convoluted

4 4 \- ubuie
OMOLOOTOON TOU VOTPLOU Kot acia denca ARG = \ RE
TOU UOATOC KL WC EK TOUTOU, /nnervation of the, | OB

, s Afferent Arteriole ‘ QP
oTn PUOULON TNG APTNPLAKIC Sjmpstete “ (%4

Postganglionic Nerve | \\\¢ o

mileonc.

* Y€ KOTOLOTAOELC OTPEC, N
VopeTvedpivn
arneAevBepwvetal armo to INZ
KL N emwvedpivn amo tov 4
HUEAO TwvV emivedpldiwy, pe
QTTOTEAECLOL TN CUCTOAN TOU
Pooaywyou aptnploAiou Kal
N peiwon tou GFR

CC BY-NC-ND Created by Cierra Memphis Barnett using BioRender.com

Afferent
arteriole



ENAONE®PIKH AYTOPPY®OMIXH
LITEIPAMATOXQAHNAPIAKH [XOPPOIIIA

Dehydration ECF Volume Depletion

1t Serum Na™ & tonicity | Blood pressure and renal perfusion

A Y Y Y Y Y
Osmoreceptors Osmoreceptors | T ADH | | T RAS | ‘ 1 ANP | | T Norepinephrine
(Thirst center) (Supraoptic nucleus)

4 A
X L ‘ 1 Aldosterone ‘ 1 Afferent
| T Thirst ‘ ’ T ADH (posterior pituitary) | and efferent
arteriolar tone

Salt and water
reabsorbed

\_ L ),
» Xg eAAtTwon tou e€wkuttaplou oykou (ECF) kat tou GFR, aufavel to
enavappodoupevo Na+ kat H,O amo ta eyyu¢ cwAnvapla.

» To avtiBeto oupPaivel oe avénon tou ECF.



3. KAOAP2XH OYXIQON- NEPO KI HAEKTPOAYTEX

No mapapével
OTO MAACUQ,
onAadn va pnv
ELOEPYETAL OTA

RBC.

Na pnv givat
ToLKN.

Onoladnmote e€wyevng
ouala mou xpnollomoLeitatl
o€ SOKLUEG KaBapong
TIAQOLOTOG TIPETIEL VAL EXEL
TLG AKOAOUBOEG LOLOTNTEG:

Noa petparal
gVKoAa o€

TIAQO MO KoL [sub]

urine

X urine flow rate

Cx: 0 OYKOC TOU TTAAOLOTOG TIOU
kKaBaipetatl MARPWE amo pa
OUYKEKPLUEVN ovuoia otn povada
TOU XpOVvou.

Cx= Uxe V / Px

Na pnv
EMNPEALEL TN
vePPLKA
Aewtoupyia.

Noa punv
petaBoAiletal

Qo Toug

oupa. [sub]

plasma

vedpouc.




2MNEIPAMATIKOZ HOMOx

1. EvooOnAiaka kuTTapa

2. 2TreipayaTiki Baoikn peypBpavn ( GBM)
ATToTeAgiTal atrd KoAAayovo TutTou IV
3 OTIBAOEC
£0w dlauyNC UHMEVOC
£Cw dlauyncg UpEvac
OKOTEIVOC UMEVAC
HAEKTPIKA QOPTIOUEVN
Huidiatreparn yepypBpavn (dinnon aigarog / ITTAACUATOC)
EKAeKTIKN dlatTEPATOTNTA
Ouagie¢ pe MB<68kdaltons (albumin)

3. EmOnAiaka KOTTapa TTEPICTTIAAYXVIOU TTETAAOU
(TrodoKUTTApPQ)



[IAPA'ONTEX I10Y EITHPEAZOYN TH
LIIEIPAMATIKH AIHOHXH

Glomerular Filtration Rate (GFR)

GFR = 125 ml/min
OR 180 L/day

What controls (determines) the GFR?

Factors related to
the membrane

N

The sum of the
forces acting

FF=GFR/RPF
To kKAdopa dinnong FF
Kupaivetal oto 20 % tng
VEDPLKAC QLUATLKAC PONG

O ouvteAEOTNC

: across the , ,
eet membrane S1Bnong Kf exdpdlet
oy (slading farees) TN SlomepaToOTNTA KO
Permeability Filtering A
e 1 TN oUVOALKN
area Net filtration pressure ETLPAVELD TNG
N y (NFP) ,
b HEMBPAVNG
Capillary filtration coefficient (Kf) (12.5 ml/min/mm Hg)
GFR = Kf X NFP
GER [creatinine] . . X urine flow rate
J —
[creatinine]

plasma



n ouoia povo dinbeitat (pavvitoAn, copPLtoAn, B ,)
n ovoia vplotatat dStBnon + emavappodnon (YAukoln, dpouktoln)

n ovoia udilotatal S1Onon + AMEKKPLON LECO OTO CWANVAPLOKO QLUAO
(PAH, kpeativivn, eVIKIAAIVECQ)

Tubular fluid-to-plasma TF/P osmolality ratio

TF,i/Pos = 1 TO CWANVapPLAKS LUYPO Elval LOOWOUWTLKO UE TO TMAACUO
TF i/ Pos < 1 TO CWANVAPLOKO UYPO ElVOL UTIOWOUWTLKO OE GXECN LE TO MAACUOL
TFi/Posr, > 1 TO CWANVAPLOKO UYPO ElVOL UTIEPWOUWTLKO OE OXEON LE TO MAACUOL

Filtered load elval n moootnTa TNG OUCLAC TTOU ELOEPYETOL OTA CWANVAPLA LETA o dtbnon
otn povada tou Xpovou.

Filtered load = GFR ¢ P,=C,_ *P

X

Excretion rate ivol n moootnta TG ovoiag mou eudaviletal ota ovpa 0T povada Tou XPOVou.

Excretion rate= U, o V



[TAPAI'QI'H OYPQN

Tpelc faoikol pnxaviopoLeival amapaoitntol
* Inepapatikn dinbnon - GF

* JwAnvaplakn enavappodnon - TR

* JwAnvaplakn ekkplon - TS



YIIOXPEQTIKOX OI'KOX OYPQN

-

&G

~

Elval n eAdxlotn moootnta oUPwWV TIOU TIPETEL va. amoBAaAAeTaL KAOE pEpa
yla va amaAAayel 0 opyaviopog armo ta dxpnota tpoilovia Tou
petaBoAlopou

J

“ J

O UTTOXPEWTLKOC OYKOC OUPWV EEQPTATOL ATTO TN MEYLOTN LKAVOTNT
OUYKEVTPWONC Tou vedpou.

‘Evac KovovIKOC avBpwTtog 70 KIAWV TIPETIEL VO EKKPLVEL TtEPLTTOU
600mMmOsm SLaAUEVNC ouoilag KABe pepa. Eav n Héylotn tkavotnta
OUYKEVTPWONG oUpwV elvat 1200 mOsm/L, o eAAXLOTOC OYKOG OUPWV TTOU
TIPETIEL VAL OTTEKKPLOEL, TTOU OVOUATETAL UTIOXPEWTIKOC OYKOC OUPWV £lval
0,5L/nuépa




NE®PIKOX OYAOX
(Renal Threshold)

Elvail n ouykévtpwon pLag ovoiag StaAupEvng oTo alpa avw oo
TNV omnola ot vedpol apyxiouv va TNV aropoKpUVOUV oTa oupa
KaBwc to StnBnuEvo poptio TS ovoiag umtepPBaivel tnv
amoppodNTLK LKAVOTNTO TWV CwANVApiwv.

H petadopd twv ovowwy yivetal pe dtaxvon, ne wopwon (H20), pe
SLEUKOAUVOUEVN KOl LE EVEPYO HETADOPAL.

H dteukoAuvopuevn pLeTadopa YiVETOL LE TIPWTEIVEC POPELC TTOU
SdtaBEtouv pla Tm n omnola kaBopilel Tov vedpplkod oudo yLa tn
gemavappodnon LLag ouclog amo To cwAnvapLako vypo (r.x.
yYAUKOIN).



MET'TXTO OPIO 2XQAHNAPIAKHY META®OPAX
(Tubular Transport Maximum)

Elval n péylotn moocotnta pLOG
ouolag (oe mg) mou pnopet va
pnetadepBel (va enavappodpnOdel
N va ekkpLBel) amod ta kutTapa
ToUu vedpLkoU
owAnvapiou/AemTo.

OL petadopeic EXouv PEYLOTO
oplo petadopac (Tm) mou
odpeIAETOL OTOV KOPESHUO TWV
dopewv. Eav untepBel to Tm, tOTE
N MePLOOELA TOU UTTOOTPWHLOTOC
ELOEPYETOL OTA OUPAL.

MoAAEC ovoiec emavappodouvtal
Qo cuoTnpATa LETAadOoPAC IOV
StapeocoAaBouvral ano popelc
TL.X. YAUKOCZN, QLLVOEEQ, OPYOVLIKA
o&€a, Beuka kat dwodopLka
LovTa.

H yAukoln dinBeital eAevBepa,
OTTOTE OTIOLO KL OV Elval N
OUYKEVTPWOI) TNC 0To MAdoua Oa
S1nONO«L.



MET'TXTO OPIO XQAHNAPIAKHX META®OPAX
(Tubular Transport Maximum)

Renal
800 |- threshold

. = solute hj Tubular fluid
@ =transporter ‘

~

(=}

o
|

Filtration

600 -

500 -

Reabsorption
400+ Transport

maximum

300 5 solute molecules/min

200 Excretion

Rate of glucose movement (mg/min)

100

0 100 200 300 400 500 600
Plasma concentration of glucose (mg/dL)

© 2011 Pearson Education, Inc.

_ Saturation is reached,
Transport Maximum (T,,): :
Once the transport maximum Maximum speed, T,
is reached for all nephrons,
further increases in tubular
load are not reabsorbed, but
are then excreted.




ATHOHXH, AIIEKKPIXH KAI EIIANAPPO®HXH NEPOY,
HAEKTPOAYTON KAI AIAAYMENQN OYXIQN AIIO
TOYX NEDPPOYX

Substance Measure Filtered* Excreted Reabsorbed % Filtered Load Reabsorbed

Water L/day 180 1.5 178.5 99.2
Na' mEg/day 25,200 150 25,050 99.4
K' mEg/day 720 100 620 86.1
ca” mEg/day 540 10 530 98.2
HCO; mEg/day 4320 2 4318 99.9+
Cl mEg/day 18,000 150 17,850 99.2
Glucose  mmol/day 800 0 800 100.0

Urea g/day 56 28 28 50.0



2Q)AHNAPIAKH EITANAPPO®HXH

Mpokeitat ya pa SterBnAiokn dtadikaoio Kata
TNV OToLOl TOL TIEPLOCOTEPQ TIEPLEXOLLEVA TWV
owAnvapiwv emiotpedouv oTOo alpa.

OL petadepOpeEVEC OAa ta opyaviKa
OUOLEG KlvouvTaL Bpemtika
HECW TPLWV OUOTOTLKA
HEUBpavVWY enavappodouvral
J J

) ) H emavappodnon
Kopudaieg ko Ev60o0OnAto Twy © e EnE uropel va eivat
MAayloBactkeg nepLowAnvapiwv . . gvepyntikn (mou
. . VEPOU KOl LOVTWV ; X
HEUPBPAVEC TWV TPLXOELO WV EAEVYETAL OOLOVLKE armattel katavdAwon
OWANVOPLOKWY ayyeiwv YX PH gvepyela - ATP) 1y
J J J

noOntikn Stadwkaoia




NE®PIKO XQQAHNAPIO

Renal physiology

Proximal part Distal part

Creatinine, Antloblotics,
Diuratics, Urlc acid

H

Urea

H20

I

I Nal
I 2.5
[

i

i

PTH' "Aldosterona”
Cortex
Medulla
Collecting duct
25 NaQl and tubules
H2O
H20 P-‘-‘-

Desc. limb Asc. limb ) .

Ha

Ca
Segment name in violet Loop of Henle

Reabsorption in red
Secretion in green

Percentage in blue
Hormone 10 orange



EI'TYX EXIIEIPAMENO XQAHNAPIO (EEX)

To eyyuc¢ eomelpapEvo owAnvapilo (EEX) mailel Tov kUpLo poAo otnv
enavappodnaon 65-70% tou mpwtoyevoug StnBnuatog nicw otnv
KUkKAodopla Tou aipatod.

Zteveég ouvayelg (tight
, ] junctions) petafl yeltovikwy
e Avatoutka & lotoAoyika KUTTAPWV
XapaKTtnpLoTika ‘ Mutoxovépua: e Gate function: Meplopifouv
MAovola os NV £l0080 KATIOLWV OUCLWV
lLtoxovopLa, Kobwg Qo TOV CWANVAPLOKO AUAO
OL LETABOALKEG ota KUTTOpa.
KavaAwa tooo otnv Slepyaoieg anattolv e Fence function: Apouv wc
kopudaia 660 Kot udnAn evepyela. PPayHOC YLOL TNV KATAVOWN
otnVv BacomAeupLKA KATIOLWV AELTOUPYLWV TL.X. O
UEMBPAVN Lo TN avtipetadpopéag Na+—H+
HeTadOopA LOVTWY Bploketal otnv emidpavela
Kol AAAWV. Ttou BAEmEL eVOOAUALKA EVW
O n avtAio Na+—K+—ATPase
ErudniAo: KUALVOPLKO ) kuBoeldEg, cuveExeLa TN KA ag TKEPLQPKETOLL oty
Tou Bowman pe Pnktpoeldn mapudn (brush border) enupavela rou PAemeL pog

dnNAadn e TMOAAATTAEG avaSUTAWOELG TNG KUTTAPLKNG Ta TPLXOELBN.

HepPBpavng, doun mou xapaktnpilel kKUTTAPA TTOU
gmte oLV Taxeia, evepyo petadopd LOVIWV UE TIOU
auéavel Tnv enipavela anoppodnonc.



B2

To eyyU¢ eonelpapévo cwAnvapio (EEZ) xwpiletal o EAamelis
Tpla KUpLA TUAMOTAL: ! '

Proximal
convoluted —

<& S1 (Eyyuc okélog) fiila
<& S2 (Méoo okélog)
< S3 (Anw, KaTOV GKENOC)

Cortex

Kabe tuiua dtadepet Asttoupyika kol LopdoAoyLKQ,
KOOWC CUUUETEXEL HE HLALDOPETLKO TPOTIO OTNV
enavappodnon Kat tnv EKKPLON OUCLWV. Boundary

Zone

TuAua Baolkeg Aettoupyleg Mnyxaviopol Metadopadg
51 Ertavqppédmon Na H,0,  Zupuetadopeic Na* (SGLT2, Collecting L
. YAUKOUNG, apwotewy, NHE3), Aquaporin-1 duct
(Eyyug) _
HCO;
Nadntwkn dwaxuon CI-,
S2 Enavappodnon Na*, Cl-, Juppetadopeic Na* (SGLT1),
(Mégoo) H,0, ouplag, YAUKOING opyavikol petagopeic (OATs,
OCTs)
S3 Enavappodnon H,0, ClI-, MNapaxpwvikn dtaxvon CI-,

(ATtw) ‘Exkkplon NHz*, ouplag napoywyn NHs*




B2

Filtrate

Na*
D .

Na*

) Early Glucose Glucose

) proximal

> tubule Na*
Amino acids Amino acids
Na* \ N

HCO,~

Water = Water

Na*

Kd-

CI-

Water Water

Na*ClI~ —_— = Na*Cl™
y Late
5 proximal
tubule
Renal epithelial cells Interstitial Capillary

space



EITYX EXITEIPAMENO 2QAHNAPIO

TMHMA S1

1)Enavappodnon
Na* (~65-70%)

Evepyntikn petadopd péow tng Na*/K* ATPaong (otn Baotkn pepBpavn).
Tuppetadopeic Na*-yAukolng (SGLT2) - enavappodpnon yAukolng.

Juppetadopeic Na*-apwvoséEwv - enavappodnon apvosEwy.

2)Enavappodnon
H,0 (~65-70%)

MNabntikA HEOW WOUWONG AOYW OCUWTLKAC KAlong (LEow Aquaporin-1).

3) Enavappodnon
HCO;™ (~85-90%)

Na*/H* avtipetadopéag (NHE3) - Exkpion H* kat emavappodnon HCOs™.

4) Emavappodnon
OupkoL O&€og
(~90%)

Opyavikoi aviovikoi petadopeig (OATS) EMLTPEMOUV TNV EMAVELOAYWYN OTO OLlAL.

5) Ekkplon
Dappakwv &
Opyavikwv OuoLwv

‘EkKpLon £EVwV ovoLlwV, OTTWC TEVIKIALVN, popdivn, Mapapayyavika,
opyavopwaodopka

AleUKOAUVETOL OTTO AVTALEG OPYAVIKWV AVIOVIWV & KOTLOVIWV.




EEX -TMHMA S1

H kwntipla duvapn yla tnv enavappodnon oto EEX elval to vatplo, AOyw tng mapouciog moAAwv
Hoplwv ou cuvOEovTal PE VATPLO TL.YX. LeETadOPELC IOV cuvdEovTal PE TN YAUKOIN vatpiou (SGLTs)
otnVv kopudatia pepppavn. To vatplo cuvnBwc cuppetadEpeTal pe AAAEC SLAAUUEVEC OUOLEC TL.Y.
apvoEea kot YAUKOTN, ) O€ LETOYEVECTEPO TUNATO TOU owAnvapiou pe wovta xYAwpiou. Etol to
VATPLO TTOU KLVELTOL TTPOC TOL KATW TNG CUYKEVTPWONG TOU ETUTPEMEL O AAAEG SLAAUUEVEG OUOLEC va
KlvoUvtal EVvAvTLa ot 81K TOUG CUYKEVTPWON.

Ma va dnuloupynBet pia nAektpoxnuikn kAlon yia to vatplo, ot Na+-K+-ATPases otnv mAayLlofaoikn
emupavela LEOW EVEPYNCS HeTadopag avtAouv 3 ovta Na+, pe aviaAlaypa vo pEpouv 2 K+ Lovta
OTO KUTTOPO, SNULOUPYWVTOC Lo NAEKTPOXNHLKN KALoN TTou euvoel TNV Kivnon tou Na+ pEoa OTo
KUTTOPO OTtO TOV ALUAO ToU owAnvopiou.

A PARACELLULAR AND TRANSCELLULAR ROUTES B DRIVING FORCES FOR
Na* TRANSPORT The NH—K pump, transporters,
and ion channels behave as an

The paracellular route electromotive force, represented
i j i [ Flow of positive charge. by a battery that makes the cell

between tight junctions. - S :
interior negative.

AWW— I/
Proximal
tubule cell
> i1}
-3 mV —70 mV o mVv
+ + +
Na'g Na'g Na'g
145 mM 15 mM 145 mM
Lumen Interstitial Lumen Na™ Interstitial
space space
The transcellular loute The entry of ...the backleak ...but the exit
includes transapical, Na* across of Na* through of Na' across
transbasal, and translateral the apical the tight junction the basolateral
pathways. membrane is also downhill... membrane is

is downhill...

uphill.




Na-K ATPaon: o mpwtapXlKO¢ pUBULOTAC TG KOTAVOUNG

Na kot K petaév evdo- kal e§wkuttaplov vypou

Na'/K* pump

AN
'u’f {eeerseresoness
|

Cytosol ‘Q,Fi/
oNa'
Cytoplasmic Na*

binds to the Na'/K*
pump

K" is released from
the pump

ATP ADP

The Na'/K' pump is
phosphorylated by ATP

The pump returns to

The pump changes
its conformation,
causing Na' release

|

Extracellular K* binds
to the pump, leading to
dephosphorylation

To Na npoodévetal otnv avtAia
o€ B€oelc mou eKktiBevtal
eVOOKUTTAPLA EVEPYOTIOLWVTOG
Vv avtAia. To

ATP udpoAustal kot
aneAevBepwvetal ADP kot pia
dwodopikn opada n omnoia
HetadEpeTAL OTNV AVTAiQ, OTTOU
ouvlEetal pe Eva 6eopd vPnAng
EVEPYELOC, CUVETIWG N

avtAla pwodopullwveTal.

H dwodopuliwon aAlalel tn
otepodiataln tng avrAiag £tol
WOTE TO VATPLO VAl
aneAevBepwbOel e€wkuTtTaApLa KoL
B£oelc ouvOeoNG Tou KaAiou
ektiBevtal otnv (6o mAevpad. H
npocdeon Tou KaAlou mtpoKaAel
anodpwodopuliwaon, SnAadn
amopdkpuvon tn¢ dwodopLkAg
opadac. H anodwodopuAiwon
odnyel oTn PETATTTWON TNG
avtAlag otnv apxkn popdn tng
Kall N AVTANon UopEL va
tavapyioet. O kUkAog Stapkel 10
XIALOOTA TOU SEUTEPOAETTOU.



https://el.wikipedia.org/wiki/%CE%A5%CE%B4%CF%81%CF%8C%CE%BB%CF%85%CF%83%CE%B7
https://el.wikipedia.org/wiki/%CE%A6%CF%89%CF%83%CF%86%CE%BF%CF%81%CF%85%CE%BB%CE%AF%CF%89%CF%83%CE%B7
https://el.wikipedia.org/wiki/%CE%A6%CF%89%CF%83%CF%86%CE%BF%CF%81%CF%85%CE%BB%CE%AF%CF%89%CF%83%CE%B7

Interstitial space (b

NBCel

Absorption
70-85% HCO;

EEX -TMHMA S1

H emavappodnon No+ pe tavtoxpovn enavappodnon SLttavopakikwy

men (ap)

Entavarmoppodnon SittavOpakikwy e
necoAaBnon woopopdnc 3 (NHE3)
gvaAAaktn Na/H.

YTO €yyUG VedppLkO ocwAnvaplo
(utodelkVUETAL UE KOKKLVO XPWHA) O
NHE3 eivat umevBuvocg yla to
LEYAAUTEPO UEPOC TNE ETTAVOPPOPNONC
dnBnuévou duttavBpakikou,
TIapEXOVTOC Eva TtpwTtovio (H ) mou
aAAnAenidpa pe 1o HCO™3 yia va
petatparnei oe CO, kat H,0.

To CO, SlEpYETOL LECW TNG TTAACUOTIKIG
HEUPBPAVNC TOU UAOU O0TO KUTTAPO,
omou aAANAemdpaA HE TO AVLOV
vbpotuAiov (HO™) yia va oxnuatiost
HCO~3 to omoio ev ouvexela ekkpivetal
otov SLAECO XWPO aTtd ToV
ouppetadopea dirtavOpakikov vatpiou
(NBCe1l).



KaBe SittavBpakikn pila mou
SdinBeltal avtdpa pe to
EKKPLVOLLEVO USPOYOVO yla va
oxnuatiosl avBpakiko ofu. Ta
Lovta udpoyovou ekkpivovtal amno
tov evaAAaktn Na/H péow tng H*-
ATPaonc otnv Kopudaia
pnepPpavn . To avbpakikd o&v
HEOW TNC KapPBovikAc avudpaong
(CA) enti tnc kopudaliag
nepPpavne ofebwvetal oe CO,
kot H,0.

To CO, elo€pXETOL OTO KUTTAPO KOl
polt pe to evéokuttapiko CO,,
avtdpa pe tovta OH™ yua va
oxnuatiostl dStttavOpakikd AAog.
Ta dtttavOpakikd Staoyilouv Tn
BaolkomAeupiki HEUBpAvN yLa va
€L0EABOUV oTa TPLYOELON ayyeia
HEoW Tou cuppetadopéa HCOs™/
Na* vatplo Kot tou
avtipetagpopea HCOs~/ Cl- mou
odnyeitaL amo TNV NAEKTPOXNIULKNA
portn yta ta HCO5™.

Tubule

Proximal Tubule Cell

Capillary




EEX -TMHMA §1 - §2

Peri-tubular m B Glomerular filtrate = 180 L/day
Glucose 1 g/L = 180 g/day

&7

1

) B

21
Na'

H yAukoln cuppetadepetal pe Na* peow twv cvppetadpopewyv SGLT1 & SGLT2 armnod tnv
Kopudaia pepPpavn Kot eEEpxeTOL HECW TNC TAQYLOBAOLKNC 0TO SLAECO LYPO HEow Tou GLUT2
(maBntikn dtdxuon). Znueiwon: 2g, 6tav n cuykEvTpwon YAUKOING oto aipa uttepPaivel to Tm
(~180 mg/dL), oL emépyeTal KOPECUOC TWV HETAPOPEWV KL epdaviletal yAukoloupla.



51 segment proximal tubule:
~90% of renal glucose reabsorption

H71}

I‘_:T
+l.

p

Glucose (—/G:_;T%;)—

reabsorption

Urine
apical / tubular

MNa

~90% of glucose
filterad reabsorption

Glucose
S

SGLT-2
inhibitors




() \) Glumerulus

Proximal | £ ' FT= N
convoluted - | 82 =) i
tubule | \ O/ 22 A ' (

Cortex =
Loop of -
Henle

Boundary Y
zone

Collecting—+—
Medulla duct




Ol ocupdopeic
Na+/apwoéewv
Bplokovtal kKuplwe otnv
kKopudaia MAELPA TWV
ETIONALAKWY KUTTAPWV
TOoUu TUApatoc S1 Ko
Alyotepov tou S2 tou EEX
OTIOU Kall emavappodatol
TO 0UVOAO OXeSOV TWV
SINBNUEVWVY apLVOEEWY

EEX -TMHMA S1 -52

e | ---- . Various AA

transporters with

$———+———  specialized
H ] metabolic and/or
housekeeping

NiEaEe 4 functions
AA- AI— AA
O

TAT1 and? SLC16A10 and?
A\

SLC1A1
AA +Na*+H*

SLC36A2
Gly,Ala,Pro+H*

SLCBEA20
Pro+Na+

TMEMZ27

A
SLC3A2, \
SLC6A19/18 B°AT1/BPAT3 e \
AA%+Na+ AAO \
i SLC7A8 I:',
/  TMEM27 /
\ rd
~ SLC3A2 -
SLC7A9 7
- -~
cystine,AA* AA°%+Na+

e SLC7A7

tubulus lumen ) extracellular space

MeMTOIKEG OPUOVEC, ULKPEC TPWTEIVEC Kol aplvoéea Ttou enmavappodouvtal oto EEX
urtoBaAlovtal og evdokuttapwon. MOALC N mMpwTteivn el0€EABEL oTO KUTTAPO, T
Eviupa TIC amodopoUV O aULVoéEa, TaL oTtolal ETILOTPEDOUV OTO alLpaL.

YHMEIQ>H: Otav KopeoToUV oL PWTEIVLKOL peTOdOPELC TTPOKAAELTAL TIPWTEIVOUpLa



EEX - TMHMA S1 -S2

/

/ ]f N J\,—~ - e

NaPi-2a St A

(SLC34A1) — ‘ -\ *,,‘
’

Pit-2
(SLC20A2)

NaPi-2¢c
(SLC34A3)

‘Exdpaon petadopewv dwodopLlkwy KATA LAKOC TWV TUNUATWY TOU EyyUC
owAnvaplou Kal UTTOKUTTAPLKOG EVTOTILOUOG TOUC.

O NaPi-2a ekdppaletal mMPooSeUTIKA ALYyOTEPO KATA HAKOC TOU €YyyUC cwAnviokou. O
NaPi-2c evronietol povo ota S1 kat S2 TURpOTA TOU gyyuc owAnvapiov evw to O
Pit-2 ekdppaletol katd pkog oAokAnpou tou EEZ.



Glomerular filtrate

INa+ P,
Electroneutral NaPi-llc
couples 2 Na“ ions to the
- - uphill transport of one
Electrogenic NaPi-lla couples + 2- + .
3 Na* ions to uphill movement 3Na” HPO, 2Na g'c‘)’?:g;‘::s R——

of one divalent P; per transport Q
cycle. One net charge is

Fanslﬁted-v | ' d ‘

occurs

B

UTUN

Driven by ATP
hydrolysis, the NaK-
ATPase maintains
intracellular
electronegativity by
removing accumulated
Na® ions in exchange
for KT ions.

3Na+t

Basolatérél exit ofP,lsg
via an unknown pathway.
P; then diffuses into




EEX - TMHMA S1 -S2

NAPATQrH AMMAQNIAZ

Proximal Convoluted Tubule

. ¥ T N 4 =S .
Glutamine =2 b 10 v » Glutamine @ L1 s Glutamine

Na+ = riian \ >

Vi S ey
EE——
NH,

TCA cycle

y ,-:';-,':.,.?,:-‘3.,‘ -
HCO3"
Na+
H+ ATP Mizochondria

Malate ——————% (HCO, )

NH + NH += <€+—

H yAoutapivn dltpapetal eAeUBepa armo to omeipapa Kat mpooAapBavetal amno to BOAT1 otnv
kopudaia mAeupad kot to SNAT3 otnv mAayofaoctkni. MetadEpeTal ota pUtoxovopLa, Omou n
uetaBoAiletal og 2 1ovta NH4+ kat 2-oéoyAoutaplkoU o€€oc To omoio petaBoAiletal TeAKA O€
UNALKO. AUTO peTadEPETAL EEW ATIO TA LLITOXOVOPLA LECW EVOC EVOAAAKTN HNALKOU
dwodoplkoU. To KUTTOPOTIAACHATIKO UNALKO peTaBoAileTal o SLTTavOpaKLKO Kal PeTapEPETAL
KOTA LAKOG TNG TTAayLofaotkng pepPpavng peéow tou NBCe-1A. Ao tnv aAAn mAeupd, n APQS8
OLEUKOAUVEL TN HETAKIVNON TNC QUUWVIOG o Ta ptoxovdpla oto KuttaponAaopo. H appwvia
gKKpLVETAL 0TO €YyUC owAnvaplo amo to NHE3, evepywvtac péow avtailaync Na+/H+,



EEX TMHMA S2

MopdoAoyilkd XapaKTnpLoTIKA

*EmiBnAtaka kUTTOpA pE AlyoTtEpa pLtoXxovdpla o€ oxeon e To S1.
* H Pnktpoeldnc mapudn eivatl AlyoTepO MUKVH.

Newtoupyieg & Mnxaviopol

Enavappodnon tov Na*, Cl-, H,O

* Na*/Cl~ ouppetadopeic kal mapakpvikn dtaxvon tou Cl-.

*>uppetayopa Na/fAvkolnc (SLGT-1)

*H mapoucia Na* dnuloupyetl oopwtikA KALlon yla tnv enavappodnon Tou vepou.

Enavappodpnon Oupiag (~50%)
*Madntikn dtaxvon HEow KALONG CUYKEVTPWONC.

‘Ekkplon OupikoU O¢€oc & Opyavikwv OucLwv
*MEOow AVTIUETADOPEWV OVIOVTWV.

‘Ekkpion Pappakwv & To§vwv
*AVTALEC OpyavIKWV KATLOVTIWV & aviovtwy (OCTs, OATs) SteukoAUvouv TNV amoudKkpuvon
TOEWVWV.



EEX TMHMA 52

MetafoAiteg mou pAtpdpovtal arno To omeipapa
gnavoppodwvtal amo To TPooUpo SLAUECOU TWV
EMONALOKWY KUTTAPWY TOU TUAMATOC S1, Katd

MNKOG TNG kopudaiag HepBpavng.

Basolateral

) ~ (blood) J}\%
> s1

Lactate/pyruvate
Amino acids CEmEETERl SEREEeS :
Proteins ’

52 &

cD

N\

’

»
Fatty acids LoH
]

P

O Peroxisome @ Multi-lamellar body

AvtiBeta, Ta kKUTTOPO OTO S2
€Xouv Heyain adBovia Autapwv
0EEWV Kal LETODOPEWV OPYAVLIKWY
aVLIOVTWV otn mAayLlofaotkn
HeBpavn

ErtutA€oy, €lval To TTUKVA YEUATO
LE UTTEPOELOWLOTA TTOU ITTOPOUV
va dSnuLloupynoouv AUtdIka
UTtIooTPWHOTA HE Brita oelbwon
AUtapwv 0EEwV paKkpag aAuoidac.

H neplooeia eAelBepwv Amapwv
0EEWV EVTOC TWV KUTTAPWV S2
Urtopel va amoBnkeutel oe
e€elOIKEVUEVA TTOAUEAQCATLKAL
cwpata Tou Bplokovtal o€ AUTHV
TNV ePLoxn, ya va arodeuxOel n
niOavn ertBAaBnc Autotoilkotnra.



EEX TMHMA S3

MopdoAoyika XapoKTneLOTIKA

» MAatutepa & xapnAotepa kuttapa amo S1 & S2.
» Alyotepa ptoxovopla, kabwe n petadopa edw ivat KUplwe madnTikn.

Newtoupyieg & Mnxaviopol

e1)Zuveyiletaw n enavoppodnon Nepou (~10%):
Qopwon Aoyw vPnNARC CUYKEVTPWONGS SLOAAUUEVWY OUCLWV.

*2)Enavappodnon XAwpiov (CI7)
MNopakUTTAPLKA HECW TAONTIKAC SLdxuong.

*3)‘Ekkpion Appwviog (NHz*)
Artotelel Baolkd pnxaviopo puduiong tov pH.
H yAoutapivn petatpenetal o€ NHs*, to omolo amofaAAetal.

*4)‘Ekkplon Oupiog & Oupikov O&Eog
MNaBntikn dtaxuon ouplac.
Mépoc Tou ouplkoU 0&€oG ekKpiveTal oto S3.



AI'KYAH TOY HENLE

H aykUAn tou Henle gival €éva kplolpo TURpo tou veppwva, TTou Tailel ONUAVTLIKO
POAO OTN CUYKEVTPWON TWV OUPWV LECW TOU avtippomnou noAAAAdcLOOHOU
(countercurrent multiplication) kat tn¢ avtipponng avtaAAaync (countercurrent
exchange).

Proximal

Glomerulus 4

, ] s convoluted tubule = — Macula densa (region)
AmoteAsitol amno 4 Tppata: %\ _
<( \ ; ‘ , convoluted tubule
I l [ \\\\\ =
1. Katiov maxl okéAog W ¥ |
’ ’ ’ Cortical
2. Katiov Aento okEAOG o i daasaraiod e collecting tubule
’ ’ ’ roximal s ’m ubule) | P Cortex
3. AvLOV Aento okéNOC “’T i S e A
. . ’ hick ascc_)nding imb
4. AVI.OV naxu OKEAOC (distal straight tubule) T
Loop of ?-’
Henle H,O (+ ADH)

Thin descending limb
(descending thin segment)
Papillary duct

HO 2’
- =ty > (duct of Bellini)
Thin ascending limb
i (ascending thin segment) \
R &l N
§ - Papillary duct

|vv (duct of Bellini)

a
Area cribrosa

KaBe tunua €xet Stadopetikeg LOLOTNTEC dramepatotntag Kol HETadOPAC LOVIWV Kat
vepoU, cuBAaAAovtag otn dnuoupyia TNG UMEPWOHWTLKOTNTAG OTOV LUEAO TOU
vedpou kot otn dlatripnon tTng opoLooTaonC.

—




AT'KYAH TOY HENLE-KATION AEIITO XKEAOX

MopdoAoyilkd XapaKTneLOTIKA
*Aento erONALO e Aiya pitoxovépla.
*Agv UTLAPYXEL EVEPYN HETAPOPA LOVTWV.
*YYnARn dtanepatdtnta oto VePO, XounAn SLamepatotnTa o€ LOVTA.

Aewtoupyieg & Mnyxoaviopoi

Enavappodpnon Nepou (H,0)

*To Tolywpa neplexel Aquaporin-1 (AQP1), emitpEnoviag nodnTiki pon VEPOU TPOG
10 SLAapeco vypo. H €€06oc Tou vepoU aUEAVEL TNV WORWTLKOTNTO TOU
owAnvoaplakol vypou.

*2t0X0G: No ouykevtpwBel To SO, mpoeToLuAlovTag TO YLo TNV AVTAnon
LOVTWV OTO aVLOV OKEAOC.



AI'KYAH TOY HENLE-ANION AEIITO XKEAOX

ATtoteAEL TO APXLKO TUAOL TOU AVLOVTOC LLEPOUC TNG AYKUANG
Tou Henle kat mailel kpiolpo poAo otn dSnuLloupyio Tou
OOMWTLKOU SLafaBLopoU Tou EMITPEMEL 0TOV VEDPO va
OUYKEVTPWVEL I] VO APALWVEL TOL OUPAL. 2€ AUTO TO THLAMA TOU
owAnvapiou, o kKUpLocg otoxoc eivat n MAGHTIKH
EMANAPPO®HZH IONTQN (kvpiwg Na* kat ClI7) n omoia AE
2YNOAEYETAI ANO ENANAPPO®HZH YAATOZ

Avatopia kat MopdoAoyia
*TUno¢ Kuttapwv:
ATtormAQTUOUEVO eTLONAALO pE PTwXN KUTTOPOTTAACHATLKY £€elbikevon, Alyotepa
LLLITOXOVOPLAL KOl LELWHEVN EVEPYELOKA SpaoTnpLlOTNTA.

*Alanepatotnta:

Auta ta KUTTopa apouctdalouv oAU XapnAn dtanepatotnta oto VEPOG AOYW TNG
amouoiag akouamopvwy (aquaporins) Kal Twv otevwyv cuvdEoewy (tight junctions).
AvtiBeta, eival oxedlaopeva ylo madntikn diaxvon LovIwy.

*JKOTOG: Na dnutovpyndei kAion UmEPTOVIKOTNTAC OTOV UUEAO urteuduvn yLa thv
CUUTTUKVWAN TWV 0UPWV.



AI'KYAH TOY HENLE - TAL

To maxV aviov okEAo¢ tnG aykUANG tou Henle (thick

ascending limb - TAL) amote)el kplolpo TUAMA TOU

vedbpwva, cupPariovtac otnv apaiwon Twv oupwv

Kol oTtn dnpLoupyia TNG WOUWTIKAG KALoNG 0TO
HueAoU tou vedpou, n omoia eival amapaitntn yla
TN CUMITUKVWON TWV OUPWV.

Thick Ascending Loop of Henle

Lumen Basolateral

Na*, K*

NaKATPase

oH

CaZ+ Mg2+ ) —

Macula
densa
convoluted
& / fubule
|
|5
—_— NO
i
—— ATP
B Thick
—,. PGs = ascending

¥ limb
——— HETEs

— ET-1




AI'KYAH TOY HENLE - TAL

H enmavappodnon Na+ AapBavel xwpa Kuplwg
LEOW TOU NAEKTPO-0USETEPOU CUUHETADOPEQ
Na+,K+,2Cl-, NKCC2. Lumen TAL cell J Interstitium
MOoALc emavappodnBel armod tov auvAo, to Na+ |

g€EPXETOL ATTO TO KUTTAPO HECW TNE AVTALOC )

vatpiou. G Peptide hormone
Ta kavaAto CIC-Ka kau CIC-Kb, pecolaBolv < receptor (PTH,

, : , . calcitonin, glucagon,
otnv €€060 Cl- amno tn mhaylofacikn mAsupa AVP' inslulir?) 9




AI'KYAH TOY HENLE - TAL

Lumen TAL cell Interstitium

&

=2 Peptide hormone
< receptor (PTH,

calcitonin, glucagon,
AVP, insulin)

2K~

0mV

H €kkplon K+ otov auAo tou cwAnvapiou (kavaAiia ROMK)mpokaAei Betiko
NAEKTPLKO SUVALLLKO OTOV QUAO TTOU TTOPEXEL TNV Kvnthpla SUvaun yla tnv
gmovappodnon KATLOVIWY - CUUTTEPIAAUBAVOUEVOU TOU OV OLOU KOl TOU
aoBeotiov - HEOW TNC APAKPLVLKAC 060U.



AI'KYAH TOY HENLE - TAL

H mapoakuttapiki petadopd pubuiletol amno

Tn onuatodotnon tou umtodoxéa aiocbnong
aoBeotiov (CaSR) VPR
PTHR %@"

\

CaSR-mediated signalling in the TAL
Na‘:K‘*-ATPase Interstitial

SN ), uid
"~ Basolateral if/ L.

\ membrane 7 N
C uUdI :

’ S

§ :’
7
Z

CaSR

2
=
)

O CaSR, mou ekdppaletal otn mAayLofaoikn
HepBpavn twv Kuttdpwv TAL, £xel amodeyBel
OTL puBuilel TNV amoppodnon tou Ca2+ peow
SU0 UNXOVIOUWV:

1) avaotéAovtag tn dpaoctnplotnta ROMK, §

o

Lysophospholipids

\j” 45
LA\H:'
\AC Phos "f‘inld

ATP 20-HETE

(.)

- -
---——-_-___’

——-——____-_'.

oONywvToC £T0L O HELWHEVN BETLKN TAON %’ Apical —~ é“
OTOV AUAOG KOl ?’% membrane o NKCCO) @ |
TAL T

2) Slapopdwvovtoc twv tight junctions, —
KUPLOU KaBOPLOTIKOU TTapAyovTa TNe
TLOPOLKPLVLKN G OLOTTEPATOTNTOLC.

ROMK K* Na*2Cl- Mg"



[IOAAATIAAXIAXMOX TOY ANTIOETOY PEYMATOX

Fitrate entering the Blood in the vasa The ascending limb
descending limb recta removes Pumps out Na’, K',
Mia a]‘[é qu Kl')pleq becomes progressively water leaving the and CI', and filtrate
i , more concentrated loop of Henle. becomes hyposmotic.
Aettoupyieg Tou TAL elval n  asitioses water /\
dnuloupyia tng pAolo- \ | t i 13)
r , 300 300 300
uug}\u(n(; OOMWTLKNG mosm mosm mosm Norg mOsm
7 7 =K S
kAlonc. H Stdpeon @)1 I Sl
WOMWTLKOTNTO auéaveTal L/ l '
TPOOSEVUTIKA It ToV } Dy @ | o, | @

)] ’ ) \_/ /'- k \ /NO'Cl
dAoLo, omovu sivat 290 | i K
mOsm/kg, LExpL TNV aKkpn
TOU HUEAOU, OTIoU PTAVEL
T 1200 mOsm/kg. H
EVEPYN emavappodpnon

Na+ oto TAL eival
BepeAlwdng yLa tn
dnuloupyla TNG OCUWTLKAC
kAlonc oto pueho

Vasa recta

Loop of Henle

Key Facts :

1. Descending LOH is
water permeable,
ascending LOH is NOT.

2. Ascending LOH
actively pumps out ions.

3. water goes to where
the most stuff is !!!

4.\Vasa recta removes
water so it doesn't dilute
the medullary gradient.



[TOAAATIAAXTAXMOXZ TOY ANTIOETOY PEYMATOX

Ot ouppetadopeic Na+-K+-2Cl- otov TAL I
UIToPoUV va TTapAyouV pLa KAlon katd Deslc_:er:)dmg Asc,;gnglng

I I I Im |m
UAKOC TOU TOLXWHATOC TOU cwAnvapiou
nepimou 200 mOsm/L. @ l 1 0 \ / 0 0 l t
H ouvoAikn kAlon tng Stdpeong 800 | 300 | 300 300 | 400 | 200 400 | 400 [200 300 | 300 | 200
Slahupevng ovaoiag eivat upnAotepn 300 | 300 | 300 300 | 400 | 200 400 | 400 | 200 300 | 300 | 200
VR TToU ,ea HIOPOUOEERS 300 | 300 | 300 300 | 400 | 200 400 | 400 | 200 400 | 400 | 400
ETULTUXOUV QUTEC OL AVTALEG XWPIC TN - N

0

00
SOLHI] BpéXOU T0U ow)\r]vapiou. 300 QOO/ 300 300 | 400 ) 20 400 @0/ 200 400 | 400 ) 400
O moAAATTAQCLACLOC TOU avTiBeToU \/ \/‘
pevpatoc ocupBaivel emeldn o

KOTEPXOMEVOG BPOXOG Eival SLamepatog

OLTLO TO VEPO Kal EELoOPPOTIELTAL UE TNV 5 0 [7)

OLUEOLVOLEVI GUYKEVTPWON EVOLAUEDNC 300 | 350 | 150 350 | 350 | 150 300 | 300 | 100

StaAupévng ovoiag. Etot to S17Onpa 0| as0 |10 0|0 (w0l 700 | 700 | 500
I ' /4 e (ST S epea S epS o

BoY ¢tavf:l TR fxwovm Bpoxo’ 400 | 500 | 300 500 | 500 | 300 = 11000{ 1000| 800

OUYKEVTPWVETAL OAO KOl TTEPLOCOTEPO -

ME KAOe BApa (1-7), emwtpEnovtag otov g QOO/ L
aviovta Bpoxo va auénoEL TEPALTEPW U
TNV WOMWTLKOTNTO TOU EVOLAECOU

uypou.

w 1200@ 1000



XEIPIXMOX THX AMMQONIAX XTO TAL

To TAL eival évac Baolkog KOUBOC
oTNV avakUKAwWoN TG oUWV
Kol Tn pUOULON TNC CUYKEVTPWONG
TNG oToV VEPPLKO HUEAO.

Ot Baoikeg Stadkaoieg
nepAapBavouv:

1. Eravappodpnon NHs* péEocw tou
NKCC2

O cuppetadopac Na*/K*/2CI-
(NKCC2), mou duololoyika
netadepet Na*, K* ka Cl-, €xeL tn
SuvaToTNTA VOl OLVILKOTOLOTHOEL TO
K* pe NHa*.

Etol, to NHs* elogpyetal ota
ermiOnAlaka kuttapa tov TAL avtl
Tou K*.

OF LOOP OF HENLE

. J/

\
\

- NHE4

Na*

Direct NH,}!
transport

NH,*

-9 NH, -/f

H+
H,0

2

>->H2003

\
S

Bicarbonate shuttling

PERITUBULAR SPACE



XEIPIXMOX THX AMMQONIAX XTO TAL

2. Metadopd NH,* mtpog to diapeoco vypo

MoALc to NH;* elo€ABeL oto kUTTOpO TOU TAL, pmmopet:

> Na avtikataotiiost to K* otnv avtAia Na*/K*-ATPaon kat vo petadepBel otn
nAevpofacikn LEUBPAvVN TTPOC TO SLAUECO LYPO.

» Na anoouvteOei oe NH; kat H*, pe tnv appwvia (NHs) va dtaxéstal tpog to
SLapeco vypo.

» Na €€€ABeL amo ta kUTTapa Tou TAL péow twv kavaAiwv ROMK,
ETLOTPEPOVTOC OTOV AUAO TOU cwAnvaplou

3. AvakUkAwon tng Appwviog otov Muelo

*To TAL cupBAAAEL OTNV AYiOEVGN KOL CUYKEVTIPWON TG AUHWVIOC 0TO SLAUECO LYPO
TOU HUEeA0U.

*To NH3 mtou g&€pyxetat amo to TAL pnopel va enavanoppodpnOsi oto AeNTO KATLOV
ok€AoG ) va petadepBel mpoc To aBpoloTIkO CWANVAPLO

*Etol, éva peyaio pepog tou NH4 + mtou ekkpivetal ota oupa tpoEpxeTaL oo to NH4 +
TIOU ouvTtiBeTal amno ta eyyU¢ cwAnvaplakd KUTTopo Kot armoppodatol ano to TAL tou
Huelou.



AIIQ) EXTTEIPAMENO XQAHNAPIO

To Amnw €oTELPAUEVO CWANVAPLO ELvaL TO TPLTO THAMA TOU CWANVAPLOKOU CUOTHHOTOG,
LETA TO AVLOV OKEAOC TNC ayKUANC Tou Henle ko mpLv oo to abpolotikd cwAnvaplo.

¢ Emevduetal amod anho kuPBoeldeg ertBnALo te Alyeg HkpoAdyveg (o€
avtiBeon Ue To eyyUC ECTIELPOUEVO OCWANVAPLO).

< Ta kittapo Stabétouv oA ptoxovdpla, urtodnAwvovtag unAi
EVEPYELOKN KATAVAAWON YL EVEPYN HETOPOPA LOVIWV.

<& Elval oteva cuvbedepévo pe tnv epldepikn) KUKAodpopia HEoCW TWV
TLEPLTPLXOELO WV ayyEiwV.

< H rukvn knAida amotelel TNV €€e8IKEVHEVN LWV KUTTAPWY TOU AW ECTIELPOUEVOU
owAnvapiou Tou vedpwva, IOV lval ECTPAUEVN TIPOC AYYELAKO TTOAO. Ta KUTTOPA TNG
TIUKVAC KNALSag Tou anw vedpwva dpouv wg utodoxeic AAATOC, ToU TapAyouV
TIALPOKP VLKA XN LKA O)LOTOL OTNV TP OLOTIELPOLOTLKH] CUCKEUN)




AIIQ) EXITEIPAMENO XQAHNAPIO

Oppovikn) PUOuLON

AASoOTEPOVN
< MNpoxkael
auv§nuévn
enavappodpnon Na*
Ko anékkplon K*,
avéavovtac tnv
oPTNPLOKN TILEDT.

NapaBopudvn (PTH)
& Au€dvel tnv
enavoppodpnon Ca?*,
HELWVOVTOG TNV
OTIEKKPLOT) TOU OTa
oupa.

Balonpeocivn (ADH)
< Av kaL 10 Gnw
EOTIELPALEVO
ocwAnvaplo sival
OXETIKA adLanépato
OTO VEPO, TO TEALKO
TOU TUAMO UTTOPEL va
ETNPEAOTEL ATO TNV
ADH.



AIIQ EXIIEIPAMENO XQAHNAPIO (AEX)

ArtoteAeital amod 2 tpApata: to npwtpo (early) DCT1 kot to oo (late) DCT2

Mua onpavtiki dtadpopa petaéy DCT1 kat DCT2 eival n SLodpopEeTIKA ATTOKPLON TOUG
otn 6paon tng aAdootepovne. H aAdootepovn eival pla otepoeLldrc oppovn mou
arneAevBepwvetal amo ta eMvedPidLa WG ATIOKPLON OTNV UTIEPKAALOLULY, OTNV
ayyelotevoivn Il (petd tnv aneAevBEpwon pevivng Ao TO TAPACTIELPAOTLKO
ocUOoTNUA AOYyW UELWHEVNG APTNPLAKNC TILEONGS A XA NAARC alpdTwon ).

' TUBULAR

l DISTAL CONV ! ’
lUN‘f‘J

Ta kUpLa kutTapa tov DCT2 sivat
gvaloOnta otic SpAcELS TNC
aAbootepovnc, eneldn ekbpalouvv
gva €v{upo Ttou ovopadletat 11-B-
vdpofuotepoclbec adudpoyovaon
2 (11-BHSD2)

3Na™

- —— - — - — Ty W T - ——————— - ———

- —— - —
——



AIIQ EXIIEIPAMENO XQAHNAPIO (AEX)

DISTAL CONVOLUTED

To AEX emavappoda nepimou 1o 5%-10% N TUBULECELLS ~ ~ BLOOD
Tou PLATpapLopeEVoU popTiou vatpiou. O . >
n anoppddnon vatpiouv amno Tov Thigzkies I NCC o 3Na*
owWANVaPLOKO aUAO eapTatal Ao To \/ Na* :C:K ZKA+
XAwpLo kal pecoAaBeital €€ oAokArpou oS e iy,
armo Tov evaiodnto ota Belalidla Kir 4.1, others
14 14 K+
Sdloupntika cuppetadopea NacCl, tov :CXKCC“
NCC cr
cr CIC-Kb
.~ v % DCTA1 _a;;ruin
--- - OO
. . . -3omv ATP
O efapTtwEVOG ATIO TO VATPLO I ..... 3Na*
14 I I NCC “’
evaAAaktng dtttavOpakikou xAwpiou N ; 2;{
(NDCBE, SLC4A8), eival évag mpoodata or :CX b K g
avakaAupOeig evaAlaKTNG Amiloride kil 1 ofhers
SLTTavOpaKIKWY YAWPLOVTWYV TToU \ Eric K+:C:K
: : : KCC4
obnyeitat ano Na+ kal ekppaletal oto Na* —C - or
DCT1 e CIC-Kb
Barttin

Clm = =



AEX

H SteruBnAlokn taon eivatl kovtd oto pndév oto

DCT1 ka yivetat mpoodeutikad apvntikn oto DCT2.
DISTAL CONVOLUTED

TUBULE CELLS . BLOOD

>to DCT1, n kopudaia emavappodnon Na O e e i >
necoAaBeltal amOKAELOTLKA QTTO TOV Thiazides I e il %SN&
ouppetadopéa NaCl (NCC), evw oto DCT2 \/ Na* - { 2K*
unapyxouv toco NCC 60 kat evaioBnta otnv cr :gx g K — - A
aptAopidn embnAtakd kavaAla vatpiou (ENaCs). Kir 4.1, others
H nAektpoyovikn petadopa Na armo to ENaC K+:CXKCC4
(kivnon twv ovtwv Na+ péow tou ENaC xwplg cr

OUVOOEUTIKO avLOV) adnveL apvntika dpoptia oTov e —8—)0]0-&3
aUAO Snuoupywvtog StemdnAtakn Taon. Chae o P

Na+-K+-ATPase kat umtoBonBadtat amo ta pevpota
) 1G KOAL Aol 5 Kird. 1 B ™ o 2]
Lappon¢ KaAlou Tou mpokaAouvtal amno Kir4.1. kil ohors

i
H petadopd xAwpiou mpaypatonoLeital amno to \’ ZD—E\IaC C,-:CD:IKCC‘*
kavaAtl YAwplou CIC-Kb kat Tov cuppetadopea I or CIC-Kb
YAwplouxou kaAiou 4 (KCC4, SLC12A7). H épaon Cf = & bo1e =l
Tou KCC4 Sileyeipetal amo tnv UTTOTOVLKOTNTAL.
Qop. DCT2 ( 100 mOsM)

Amiloride

-30mV ATP
i (e e 3Na*
H rmAevupoBaoikni ekpon Na rmpokaAeital amo tnv i s }i
by :(I:X
Na* —{_




AEX

H €kkplon K+ e€aptdtat amod tnv tdon KoL tn pon.
2TNV KaTAoTaon XaunAng pong, tTo KavaAla
"ueyada'/"maxi"-K+ (BK) elval KAeLota Ko n €KKpLon
KaALlOU yiveTal amoKAELOTIKA LECW TOU VEDPLKOU
e€wtepLkoL pueALkoU kavaAlov kaAiov (ROMK).

To ROMK ekppaletal oto DCT1, aAld n dpaotnplotntd
TOU eKel elval oxeTkA xapunAn Adyw tn¢ dtermBnALlakng
TaongG, n onoia givatl oxedov undevikn. 2to DCT2, n
pnetadopd Na+ pe tn peocoldapnon ENaC dnpiouvpyel pla
KwvntApla Suvapn yla tnv kkplon K+ pe tn pecoAafnon
ROMK.

Kata tn Slapkela pag kataotaong uPnAng pong, T0co ta
ROMKs 600 kat ta BKs pegohafouv otnv ekkplon K+.

H auvénuévn mapoxn vatpiou kot n cwAnvaplokn pon
uypou auéavel tn dpaotnplotnta ENaC, pe anotéAeoua
EVIOXUHEVN €kKpLon K+ pe tn pecoAaBnon ROMK.

ErtutAgoy, n auénpEvn pon EVEPYOTIOLEL Evav
gVOOKUTTAPLKO HNXAVIOUO onpoatodotnong oto DCT mou

avolyel ta kavaAla BK, SteukoAuvovtac tnv ekpor K+ otov

OLUAO TWV CWARVWV.

Low flow

K4 = HOMK

e FOMK |

AP l
w :‘:\ll‘
’ ‘ .f\ o'
"3 - _,'->

4

K o B

Ny’ -

K |

(¢

High flow

ottt ——

v — |

ATP
M > INe"
I oK'
- O

OCTY

J

N

[\
rL‘\H 3"‘]‘
s
-»

e ROV
|

OCT2




AEY KAT AIXOENH KATIONTA

DISTAL CONVOLUTED
H emavappodnon Ca2+ \ TUBULE CELL y BLOOD
pneooAaBeital amo kovaiio TRPVS L]
TOL oTtolal prtopouv va g ATP Na/K ATPase
gvepyorotnBouv armno tn B- 3Na*
yAukoupovidaon Klotho.
To Ca2+ SeopeVETaL EVEOKUTTAPI  (2+ —f 2K
arno tnv kaABvdivn-D28K, n omoia ( NCX ;
puetadepel to Ca otnv o
nAayofaotkn peppavn touv DCT, @ CD
art’onou puropel va petadepOet Klotho Na*
Heow tou evaAlaktn Ca/Na tumou o4
1 (NCX1) fj Tic ATPdoeC aoBeoTiou :>/yCa
Nlow oto ailpa.

Calcium ATPase

AuTtec ol Slepyaoiec puBuilovtat
OTEVA OO OPHOVEC, OTIWCE N \L . J
napoBupeoeldric opuovn Ko n i "

1,25-6wdpouBrtapivn D



AEY KAT AIXOENH KATIONTA

To kovaAL K+ Kv1.1 e€wBel ta
Lovta K+ otov aulo tou DCT
SnHLoVpYywVTAG TNV NAEKTPLKNA
Kwvntipla Suvapn ya tnv eicodo
Mg2+ péow tou TRPM6. Amo to
KuTtapomAacpa to Mg2+
HeTadEPETOL OTO QLA Ao TNV
nAayloBaotkn pepBpAavn HECW
AYVWOTWV EWC TWPO LNXOVIOUWY,
av Kol n KUKAlvn M2 ko to
SLC41A1 eivat urtondlec odol
HeTadopac poyvnoilou mou
evdEXeTOL va LecoAafouv otn
Stadikaoia.

H Baotkn tdon tTng LepBpavng
Tou Ttapayetat amno tn Na+-K+-

ATPase eival kpiolun yia tnv €€odo
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AOPOIXTIKO XQAHNAPIO

YrioSlatpeital oe auto TNC LUEAWSOUC KoL OE QUTO TNG
dAowwbdouc poipac.

» Ta TEAKA TUAMATA TwV aBpOoLoTIKWY TG HUEAWSOUG
poipac pEpouv untodoyeic oupiac (UTB1) mou pe A il B
LNXQVLOMO aVEEAPTNTO TNE AVTILOLOUPNTLKAC -
OPHOVNC CUUUETEXOUV OTNV aVOKUKAWGCN ouplag

Aopn

< To tolxwud tou amoteleitat amd amAd KUBOELSEC
E€WC KUALVOPLKO eTtlONALO.

< Ta kiTTapd Tou xwpilovtol og KUpLO KUTTOPA PST
(principal cells) kot kKuttapOSLAKPLTIKA KUTTAPO
(intercalated cells).

—Kupla [ Ospéla kuttapa (Principal) PuBuitouv tnv
enavappodnon vatpiov (Na*) kat vepou (kuttapa
Aol oLla o€ akovarmopivn-1) KaBwc Kal TNV OEKKPLON
kaAtou (K*).

— EpBoAlua kuttapa (Intercalated): PuBuilouv tnv
oéeoPfaolkn LooppoTIia LECW ATTEKKPLONG LOVTWV
vbpoyovou (H*) i durtavBpakikwyv (HCOs7).

Glomerulus

{DLH—
{ALH

Intercalated cell



AOPOIXTIKO XQAHNAPIO

Late distal tubule

and collecting tubule
%& Principal
cells

Intercalated
cells

Fosterior
KYPIA KYTTAPA: ‘pitmtaw

>

>

‘Exouv KavaAia StapepBpaviking petadopac yla Lovta Kol

’ ’ v v v v Adrenal gland
Elval anAd kuBoedn KUTTAPO [LE OTIAVLA LKPOAGXVEG Py

oTnV EMLPAVELQ TOUG. fsoprssi
MeplExouv Alyotepa pLtoxovépla oe cUYKPLON LE T
EMBOALLO KUTTAPO

Aldosterone

VEPO.
Eival evaioBnta otn dpdon tng ADH

Diuresis

-hl ____



AOPOIXTIKO XQAHNAPIO KAI ADH

Ta KUpLOL KUTTOPA ELVAL ATTOPALTNTA YL TOV EAEYXO
TwV ouykevipwoewv Na+ kat K+ oto mAdoua, Tou
OYKOU TOU €EWKUTTAPLOU USATOC KOl TG OPTNPLAKAG
TileoN G HEow NG pUBUILoNG Tou ENaC amo tnv
aAdooTEPOVN Kal TNV akovarmopivn 2 ano tnv
avtdloupntikn oppovn (ADH) ) tnv ayyelonpeoivn.

H ADH cuvbéetal pe evav utodoxea 0To KUPLO
KUTTOPO KOl EVEPYOTIOLEL TNV MPWTEIVIKA Klvaon A
HEOW EVOG HEVTEPOU OUOTHUOTOC ayyeAlopopou, TO
OTtOLO 0TN CUVEXELO TIPOKOAEL TNV EL0QyWYN
KavoAlwv aquaporin Il otnv kopudaia pepBpavn amno
evOOKUTTOPLKA KuoTidla kal tnv elopon H20. Ta
KUTTOPO TWV aBpOoLOTIKWY CWANvVapilwv £xouv
odxtec cuvbéoelg (tight junctions) kat €tol eivat
OUGCLOOTLKA aSLATEPOOTO OTTO TO VEPO OE KOTAOTAON
npeuiac. H mapouaoia ADH, kaBlota ta Slamepatd
arto TO VEPO SLaTEPATA KOl ETLTPETEL TNV
gemavappodnon LEyaAwv moooTnTwy vepou. H
uetakivnon tou H20 eéaptdtoal amno tnv
UTTEPTOVLKOTNTA TOU HUEAOU.

Osmoreceptors in
—— hypothalamus trigger
. release of ADH.
Thirst

V4
AN ,

Hypothalamus ’.'_.\_"/\_
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/[ /J \ \
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\Drinking reduces

blood osmolarity ADH
to set point. \
| Pituitary
Increased | | gland
pelmeal)ility/.f /
DiStal /= NS I ,?!"-”l( é
tubulel/ ~ — \ |5<
‘ | |
y '\ i |
H,O reab- ‘.. |
sorption helps _| ‘ STIMULUS:
revent further Increase in blood
osmolarity osmolarity
increase. |/
‘ z/’.;
Collecting duct ‘
\ ""*——"\ 5 |
1 Homeostasis: | )}

’ £ Blood osmolarity
N > (300 mOsmiL) '



AOPOIXTIKO XQAHNAPIO

210 PAOLWSEC KL TO EEWTEPLKO LUEALKO alBPOLOTLKO
owAnvaptlo ta epfoApa kuttapa turnou A (A-IC)
ekdppalouv H+-ATPase kat n H+/K+-ATPase otnv
kKopudaia/avAlkn pepPpavn, evw ekdppalouv Tov
Cl-/HCO3- evaAlaktn AE1 otnv mAeupofactkn)
HEUBpAvVN TOUC.

O Al1, évac nAektpoyovikog petadopeac Cl-
ekPppaletal otnv Kopudaia MAeUpA EVw oTNV
nAayloBaoctkn to Cl- petadépetal HEOW EVOC
gevaAAaktng aviovtwyv Cl-/HCO3-,

Ta gpBoAlpa kUtTapa tumou B (B-IC) Stabtouv pLa
NAEKTpo-oudETEPN 060 petadopac/enavappodnong
NaCl otnv kopudaia peppfpdavn Toug mou mepAapBavet
TNV nevtivn, évav evaiiaktn Cl-/HCO3- kat tov
gevaAlaktn Cl-/HCO3- oényoupuevo amno Na+ (NDCBE). O
UNXQVIOUOC TG €€060U Cl- Sev €xel akopa
SLEUKPLVLOTEL.

Yta B-IC, n emavappodpnon tou Na armod tov auAo
gvepyormoleital ano tn BacomAevpikn H+-ATPaon mopa
artd t Na+/K+-ATPase.
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2tou¢ vedpouc, N aAdootepovn
EVEPYOTIOLEL TNV TOV UTTOSOXEQ TWV
aAatokoptikoebwv (MR) yeyovog nou
oOnyel og avénuevn enavappodnon
Na+ ko amekkplon K+.

To ocupmAeyua ahdootepovne-MR
ouVOEETaL LE OTOLKELQ TTOU
OVTOATTIOKPivVOVTaL 0TO YAUKOKOPTLKOELON
(GRE) kL evepyormolouv tov kopudaio
erOnAlako diauvAo vatpiov (ENaC) ko
TN tAevupoPaoikr) Na+-K+ ATPase péow
SLaPpOPETIKWY pUOULOTIKWY 0dwV. €
QTOKPLON OTNV UTTEPKAALOLULLA, N
pneooAafoupevn amno tnv aAdootepovn
entavappodnon Na peéow ENaC odnyet
Vv €kkplon K peow ROMK.



ANTIAIOYPHTIKH OPMONH (ADH)

H avtidloupntikn oppovn (ADH),
enionc yvwotn wg Palomnpeoivn,

Atecssome socil —_ ENEYXEL TOV OYKO TOU VEPOU TIOU
mammals enovappodatal amnod to dct2 ko
Produced by ?’ : To aep'OLO“[LKO ,

AERE P owAnvapLo.MapaystoL otov
i S uroBaAapo Ki ekkplvetal otnv

omnicOwa utoduon yla
amobnkevon. Otav ot
wopoUmodoxeic otov unmoBAaAapo
avixveloouv avénon tng
OUYKEVTPWONG OTO TMAACA TOU
aiparog, o utoBAAapog
onuoatodotel tnv aneAeuBEpwon
™ ¢ ADH amo tnv onicBia
unoduon oTo ailpa

Constricts arterioles

Increases reabsorption
of H,O in kidneys




ADH

H ADH €xeL 6U0 onUaVTIKEC AELTOUpPYLEG:

1. lMNpokaAel mepldeplki ayyeloocUOTIOON
YEYOVOC TTOU HELWVEL TN POr TOU
QLMOTOC OTA AKPOL KAl WC EK TOUTOU Lumen of collecting tubule

QUEAVEL TNV TIAPOXT) OLLUATOG KEVTPLKA. \ 1~ —
2. [lMpokaAel tn petakivnon tTwv ( ‘ !

QKOUQTTOPLVWYV ATTO TO EOWTEPLKO TWV HO |
DCT2 KL 0BpOLOTIKWY KUTTAPWY OTNV
kKopudaia emiupavela pe amotEAEoU
va auvéavetal n vdatomepATOTNTAC
QUTWV TWV KUTTAPWV KOl EMOUEVWC,
va enavoppodatol vepo. Otav to
TAQOLLOL TOU alpatoc yiveton Alyotepo
CUMTTUKVWUEVO KOl TO ETLITESO TNC
ADH pelwvetal, oL aKOUQTOPILVEC
QTTOLOLKPUVOVTOLL OTTO TLG KUTTOPLKEG
HEUBpavec kot n StEAevon vepou amo Aquaporin pores are inserted

. , : into cell membrane, increasing
Ta OUpPaA IPOG TO ALUA LELWVETAL. flow of H,0 out of tubule

Aquaporin storage vesicle
Collecting tubule cell

Aquaporin

Plasma

H,0

‘ . Interstitial fluid




AOPOIXTIKO XQAHNAPIO -AIAXEIPHXH OYPIAX

YIAapxeL LLKpN enavappodnon ouplag
KOt koG tou DCT Kol 0To PWLUO
0BPOLOTIKO HE ATTOTEAECHA VO AUEAVETOL
N OCUYKEVTPWON TNG TPOC TO TEAOC TOU
aBpolotikol cwAnvapiou, kKaBwc Ta ovpa
CUMTTUKVWVOVTOL oTa TAoUoLa O€
OKOUOTTOPLVN UETOYEVEDTEPA LEPN QAUTWV
TwV cwAnvopiwv.

\

2Tn OUVEXELQ, OTO MEPLPEPLKO HEPOC TOU
aBpolotikol ocwAnvopiou (Bablad otov

EOWTEPLKO LUEAO) TO TEPUATLKO TUAMO TOU  Cortex
aBpolotikol ocwAnvapiou yivetal

Slarmepatod amnod tnv oupia. e AUTO TO outer
otadlo, N KALON CUYKEVTPWONG TNG OUPLOC  Medulla
avayKalel LEPOC TNC oupiac va

LETOKIVNOEL 0TO VEPPLKO LUEALKO SLAUETO

LoTO, auédvovtag tn diapeon e
WOMWTLIKOTNTA Kol BonBwvtag otn

CUMITUKVWON TwV oUpWV O0TNV aykKUAN Tou

Henle- Vasa Recta Loop of Henle Coliecting Duct




AOPOIXTIKO XQAHNAPIO -XYNOEXH HCO3-

Renal . Tubular
interstitial Collecting lumen
fluid tubular cells

Na+ NH3-------> NH3
€= === mmm==HCO, + H*
: H+

Hzﬁo3 \ Y

Carbonic NH,* + CI-
= H,0 anhydrase l

Figure 30-9

Buffering of hydrogen ion secretion by ammonia (NHz) in the col-
lecting tubules. Ammonia diffuses into the tubular lumen, where it
reacts with secreted hydrogen ions to form NH4*, which is then
excreted. For each NH," excreted, a new HCO; is formed in the
tubular cells and returned to the blood.

* H appwvia mpoohappavet
H+ oto aBpolotiko
owAnvapLo

* To ameKKPLVOUEVA
H+ cuvb€ovtal pe
NH3 n omoia
Slaxeetal otov auAo
armo ta KutTapa

NY

dnutouvpyio NH4+
TIOU W¢ AUtoSLaAuTto
nayldevETOL OTOV
OLUAO KoL
Artekkpivetal

* H améxkkplon H+
odnyei o de-novo

ouvBeon HCO3 movu
enavoppodpwvtal

https://www.brainkart.com



H pVBuion tov iooluyilov tTov VOATOC

KoAmuikog , Atra: puBpiletat to
VOTPLOVPT TLKOG TPOCAAUBAVOUEVO VEPO
TAPAYOVTOC
; ) AvTiSLlovpn Tk
YvotTnua PEVLVIG- opuoVY E) :DH)T]
OYYELOTEVOLVNG- Oui
aAdootEPOVNC DU GERE T

aToaAAOUEVO VWP

Ot ve@pol umopovv va AUEOUELWTOVV TNV
TMocOTNTA TV oVPwV amo 0,5 Ewg 20
L/24wpo, pla Aettovpyloa ov emITUyYAVETOL
LLE TO UNYAVIOUO TTUKVWOTG KAL apatiwons TwVv
oVpPwWV



EvéokuttdpLlo uypo

16l oUoTOIoN O€ OAa TaL

KOTTapQ

XapunAn cuykEvipwon LOVIWV
vatpilou kot YAwpiou

Yy nAn ouykEvipwon LOVIWV
KaAlou kKal pwodopLlkwv

MeyaAn cuykeévipwon
TMPWTEIVWV

E¢wkuttdplo vypo

Yy nAn ouykEvipwon LOVIWV
vatpiou kot YAwpiou

Yy nAn cuykEvipwon
SduttavBpaKkikwy

XapnArn cuykevipwon
KaAlou, acPeotiou,
uoyvnoiou, dwodoplkwy,
Belkwv.

2To TAACO TIEPLEYOVTOL
HLEYAAEC TTOOOTNTEC
TIPWTEIVWV



Metoakivnom Vdatog PeTaE) TAACUATOG-SLAUEGOL XWPOU

(P.+TIL) - (P, +11,)

I
wdon |

* P_ =H ubpootatikn niieon twv TpLxoeldwv

* M. = H koA\oelboouwtikn Tiieon tou SLApECOU XwPOoU =>QOUWTLKN TILEoN
e€wKuTTApLOU XWwpPou: HeTafL 280-310 mOsm/L

* P, = H ubpootatikr mieon TOU LECOKUTTAPLOU XWPOU

N, =H KOAOEBWOUWTLKA Ttieon Tou MAGOMATOG =>pUBileL Tov dyko LYPWV
HETAEL evOOKUTTAPLOU & EEWKUTTAPLOU XWPOU (XIALOOTWOUOALO ava Altpo -
mOsm/L)



Ol YIIOXPEQTIKEX AIIQAEIEX AIA TQN OYPQN

2YeTICOVTOL AUECO ME:

To WOMWTLKO popTio ou
NPEMEL va amoBAnBel MEYLoTN OUUTUKVWTLKN
(kuplw¢ popLa oupiog LKOLvOTNTA TWV OUPWV
kot aAata Na* ko K+)



LYMITYKNQXH KAI APAIQXH TQON OYPQN

MHXANIZMO2
ANTIPPEYMATO2

AvtoAhayn
QVTLPPEVUATOC
ota euBEa ayyeia

MoAAaTAOCLAGLOG Apaon ADH ota
QVTLPPEVATOC aBpoloTika
aykUAng Henle ocwAnvapla

AvakUKAwGoN
ouplog

MPOYMOGEZEIX

QOUWTIKN
g€Lloopponnon ovLpwv

; - SLaECOU YWPOU e
ARESS b

YTEPWOUWTLKOC
HUeAwWONC SLApeocoC




YIHEPQXMQTIKOX MYEAQAHX
AIAMEXOX XQPOX

Active transport of sodium ions and

~ from the coliecting ducts in ":“] co-transport of potassium, chloride
 electrogenic reabsorplion of Cl. in thick portion of the asc
=, limb of the loop of Henle into the
On o

The major factors creating
hyperosmolar medulla

Facilitated diffusion of large amounts
of urea

Passive reabsorption of NaCl

by the thin acsnding Emb of Henle
which depends on prior reabsorption
of water by the descending limb.

from the inner meduliary collecting

ducts into the meduliary
(ADH).




2YMBOAH THX OYPIAX XTON YIHEPQXMQOTIKO

NE®PIKO MYEAO

H oupia cuvelodepel
niepimou oto 40 — 50% tNn¢
WOHWTLKOTNTOCG ToU VEPPLKOU
HUEALKOU Slapeoou.

NaCl, n oupia
enavoppodatal madnTika
aro To cwAnvaplo.

Otav unapyxel EAAELUUOL
VEPOU KOl Ol CUYKEVTPWOELG
™ ¢ ADH oto aipa sivatl
VP NAEC, LEYAAEG TTOOOTNTEG
ouplag emavappodouvral
TadnTikA amod Toug
E0WTEPLKOUC LUEALKOUC
OUAAEKTLKOUG TTOPOUG OTO
dlapeoco xwpo

100% remalning
/ o Urea

4.5 e rea 45¢. jpumeman. \

\ ! '
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/ .

Cortex 7 : remaining L

Ir. | :

50% remaining — : :

RS N A

Outer H,0 <=1 : :

) : |

medulla {5 i !

------------- o o o B g e e L—"

. ' Urea
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' 1 ] —— o’| |
Inner o 5 e

medulla r '\ I: g
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\ 0,750

oo Urea _ .-~ *

20% remaining

© Elsevier. Guyton & Hall: Textbook of Medical Physiology 11e - www.studentconsult.com
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Urinary Dilution Mechanism

(Low or no ADH)
e | Thin Thin Thick Collecting
R || descendinglimb | ascending limb | ascending limb duct
o Impermeable to water,

Permeability To Both To water Parmeabis o NoC) Absence of ADH
Reabsorption NaCl & H20 Water (osmosis) NaCl (passivly) NaCl (activly) ++NaCl
Osmolarity of | Isoosmotic * Hypertonic A WHypotonic VW Hypotonic
Tubular Fluid 300 mOsm/L 1200 mOsm/L 100 mOsm/L 100 mOsm/L
T > i 300 300 A [ 7/

72,\\) \ Tt _306\\ /100 100 ( URINE OSMOMR”V
— S ——— \naci| Y ) DROPS IN INNER
: . & MEDULLARY
- 3 COLLECTING DucTs
o ! § >
400 | N 70
400 N~ a(‘:,i ‘ 400 \
4%} »
A « 1
H,O | i NaCI‘? 2
‘\\ \'\\ ; y //‘ p——
600 1600 600 50 ‘ Urine Become Diluted

» osmolarity in the tubule = to the plasma



Urinary Concentration Mechanism

(ADH dependent)
From PCT to TAL' in the figure same as the diluted but differ in the late distal tubule and
cortical collecting fubule and the inner medullary collecting ducts

Late Distal Tubule and The Cortical Inner Medullary Collecting Ducts
Highly permeable to water in presence of | Osmolality of medullary tissue high up fo 1200
ADH so water are reabsorbed (Will explain next )
NaCl H,O NaCl /
Q’ A 300 300 f
\ e 100 100

600 800~ 600 50

H
O
o
25
00
N
O
@)
~N
o —
<€ \edulla —1-— COrie) s—

1: Thick Ascending Limb



H ADH EINAI KYPIQX YIIEY®OYNH I'TA TO
2XHMATIXMO APAION H XYMITYKNOMENQN OYPQN

ADH present

W

o'l lons
25 mi
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= / \ E | = = |
= Q00 f o Lo e o
3 / \ = | = | E Z/ -
£ £ | &3 | = 2/ =
== -""a_\kﬁ .I E 'I. “5
B GO0 L / =
[ ra 1 1 i
- l| ra L L] I %
= §oo i i '
o5 Iy L1 2 mls
- L s Iy
001928 mi a4 mi LN A
Z00 - S
100 - e —1
o 25 mil = il
Proximal Loop of Henle Oi=t=al Coallecting rine
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movement

ADH absent
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Role of ADH

(a) ADH present: Collecting duct is highly (b) No ADH present: Collecting duct is not
permeable to water. permeable to water.
Distal tubule Cortex Distal tubule Cortex

Collecting
duct
* Medulla
Small volume of Large volume

concentrated urine of dilute urine



ADH

High ADH Low ADH
Many YWater Channels Few Yater Channels
Colll)e.::ct;ng Costenc Collecting
=
=
v
S o
==
= >
—
D
o W
= — 0 ]
S 3
8=
M edulla
Small Yolume Large Yolume

Concentrated Urine Dilute Urine




NE®PIKOX XEIPIXMOX NATPIOY

*Sodium is freely filtered in the glomerulus.
*65% is then reabsorbed in the proximal tubule:
* The reabsorption is driven by a concentration gradient which is created by the action of
basolateral Na*/K* ATPase
* Most of the sodium is reabsorbed by the NHE3 sodium-hydrogen exchanger
e Other transport proteins include SGLT2, phosphate co-transporter Npt2a and multiple organic anion co-
transporters
*None is reabsorbed in the thin descending limb:
e jtisimpermeable to sodium
*Some minimal amount is reabsorbed in the thin ascending limb
* itis permeable to ions, but not to water
 Some sodium is reabsorbed passively here
*25% is reabsorbed in the thick ascending limb:
* Most of this is by the frusemide-sensitive NKCC2 co-transporter
*5-10% is reabsorbed in the distal convoluted tubule:
* Most of this is by the thiazide-sensitive NCC co-transporter
* This step is load-sensitive, i.e. reabsorption increases whenever there is increased sodium delivery to this
segment
*2% is reabsorbed in the collecting duct:
* Most of this is passive, via the amiloride-sensitive ENaC channel
*Regulation of sodium reabsorption:
* Angiotensin Il (increases reabsorption by increasing Na*/K* ATPase activity in the proximal tubule, and
increases NHE3 activity)
» Aldosterone (increases ENaC activation in the DCT and collecting duct ,and Na*/K* ATPase activity in the
thick ascending limb)
* Vasopressin (increases expression of ENaC in the collecting duct and NKCC2 in the thick ascending limb)
* Catecholamines by increasing NKCC2 expression in the thick ascending limb



Sodium concentration (mmol/L)
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NEDPIKOX XEIPIXMOX NATPIOY

Reabsorption: 65% of
total fltered sodium

Isosmolar reabsorption
of sodium

N

<Mpreabsorbed 25 % reabsorbed 5-10 % reabsorbed ~) % teabsorbed
k 3| & gll ¢ ) | — —— :
: | | : |
Concentratonofsdium Passive reabsorption ~ Active reabsorption Active reabsorption Passive reabsorption
by reabsoptionof vater of sodium of sodium (NKCC2) of sodium (NCC) of sodium (ENaC)

macula densa

Normal urinary sodium:

20 mmollL

Proximal convoluted tubule  Thin descendinglimb ~ Hairpin -~ Thin ascending limb  Thick ascending limb  Distal convoluted tubule ~~ Collecting duct Urinary tract



Segment
Glomerulus

Proximal
convoluted
tubule

Descending thin
limb

Ascending thin
and thick limbs

NE®PIKOZ XEIPIZMOZ YAATOZ

What happens to water

*Filtered freely in the glomerulus (~180L/day)
*Rate of filtration is related to glomerular blood flow.

*Reabsorbed through the highly permeable tubule wall

*Absorption is driven by sodium gradient which is
generated by Na/K ATPase

*Reabsorbed through the highly permeable tubule wall

*Absorption is driven by the osmotic pull of the
increasingly hypertonic medullary interstitium

*Diluted by the removal of solutes

Distal convoluted *Diluted by the removal of solutes

tubule

Connecting
tubule and
collecting duct

*Reabsorbed through aquaporin channels
*Driven mainly by the hypertonic medullary
interstitium

Variable:

*With maximal vasopressin stimulus, maximally

concentrated urine can be produced (~¥1200 mOsm/kg)

*In absence of vasopressin, maximally dilute urine (50
mOsm/kg)

Regulatory mechanisms

Main mechanism is to influence glomerular blood
flow:

*Tubuloglomerular feedback

*Renal blood flow autoregulation

*Sympathetic nervous system

*Vasoactive substances which affect the afferent and
efferent arterioles

*Glomerular filtration rate
*Natriuretic peptides

*Not under any direct regulatory control
*Absorption here is iititated by by the
countercurrent multiplier mechanism, and
maintained by the coutercurrent exchange
mechanism

*Natriuretic peptides

*Aldosterone (increases solute removal and
therefore tubular fluid dilution)

*Vasopressin (increases water reabsorption)
*Secreted in response to
*  Osmotic stimuli (hypoosmolar state)
* Non-osmotic stimuli (hypotension,
sympathetic activation)
*Aldosterone (increases osmotic gradient for water
reabsorption)



Osmolality (mOsm/Kg)

1200

900

600

300

NED®PIKOX XEIPIXMOX YAATOX

Reabsorption: 63% of Reabsorption: 1% of Reabsorption: 8-19% of
total glomerular filrate total glomerular fltrate . total glomerular fitrate

NV

) |
Concentration of tubular fluid
by reabsorption of water via

Concentration of tubular fluid by the
ADH-regulated aquaporins

countercurrent multiplier mechanism

Dilution of tubular fluid

by reabsorption of solutes Range of possible

urine osmolality

Isosmolar reabsorption
of water

Proximal convoluted tubule ~ Thin descending limb ~ Hairpin ~ Thin ascending limb  Thick ascending limb  Distal convoluted tubule ~ Collecting duct Urinary tract



NEDPIKOX XEIPIXMOX KAAIOY

*Potassium is freely filtered in the glomerulus
*50-60% of potassium is reabsorbed in the proximal tubule:
e Several mechanisms are involved, but the most important is solute drag
e Potassium is carried across the epithelium by moving together with the reabsorbed water
* Thisis not under any specific regulatory control
*In the thin limbs of the loop of Henle, potassium undergoes countercurrent exchange
* Potassium is added to the tubular fluid in the thin descending limb
* It then diffuses out again in the ascending limb
* The net effect of this is a conservation of potassium in the inner medulla
*30% of filtered potassium is reabsorbed in the thick ascending limb
e Thisis due to the NKCC2 co-transporter, the drug target of frusemide
*Potassium is secreted into the tubular lumen in the distal convoluted tubule and the collecting duct
* This happens because of ENac activity, which reclaims sodium from the tubular fluid
* Asthe result of this, potassium leaks out of the tubule cells to maintain electroneutrality
* With increased sodium delivery to the distal nephron, sodium reabsorption increases and
potassium loss increases.
* As the result of this potassium secretion, urinary potassium increases to 15-40 mmol/L
* Apical ROMK channels are responsible for most of the potassium secretion in the distal nephron
*The regulatory influences that play a role in the distal nephron are:
* Aldosterone (increases the activity of ENaC channels
* Vasopressin (increases the availability of ROMK channels)
* High potassium intake: leads to the increased expression of ROMK channels
* High distal sodium delivery: compensatory increase in potassium secretion to maintain
electroneutrality.
* Acid-base disturbances: metabolic acidosis causes distal potassium secretion to decrease, probably
because of the extreme sensitivity of sodium and potassium channels to intracellular pH.



Potassium concentration (mmol/L)

60

50

40

30

20

10

NE®PIKOXZ XEIPIXMOX KAAIOY

Concentration of potassium

— total filtered potassium
Reabsorption: 50-60% of by reabsorption of water !
) total filtered potassium . ANDby diffusion into the lumen e -
) "1 out of the inner medulla : :
----------------------------------------- Dilution of potassium
by diffusion out of the Secretion via ROMK channels,
S0k fimen in return for sodium reabsorption,
to maintain electroneutrality g5
e’ s
Reabsorption s
...... Countercurrent exchange .. .. ___ of potassium by v
of potassium between the NKCC2 co-transporter ,"

Isosmolar reabsorption
of potassium by solute drag

ascending and descending limb

Reabsorption: 30% of

Normal range of urinary
potassium: 15-40 mmol/L

Proximal convoluted tubule ~ Thin descending limb ~ Hairpin

Thin ascending limb  Thick ascending limb  Distal convoluted tubule

Collecting duct

Urinary tract



Tubular fluid pH

8.0

74

70

6.0

50

40

NED®PIKOX XEIPIXMOX AITTAN®PAKIKQN

Reabsorption: 80% of i . :
e ﬁlltzred bicarob - Conceinabinl i e ettt Reabsorption: .15% of Secretion .of ammonium
: as a part of an overall increase in osmolality total filtered bicarbonate | and chloride .
: increases the pH in the deep medullary loop s : ¢ )
I

-----------------------------------------------------------------------------------------------------------------------

........ PH of the fluid exiting the loop of Henle __________ .. ____.._.
is the same as the pH of the fluid entering it

Normal range of
urinary pH: 4.5-8.0

Reabsorption of bicarbonate
Secretion of titratable acid
Secretion of ammonium

Proximal convoluted tubule ~ Thin descending limb ~ Hairpin ~ Thin ascending limb  Thick ascending limb  Distal convoluted tubule Collecting duct Urinary tract



NEDPIKOX XEIPIXMOX OYPIAX

Urea handling:
*Urea is a small polar molecule which is not protein-bound
eIt is freely filtered in the glomerulus
*50% is then reabsorbed in the proximal tubule
* This is a passive process (solute drag)
 More water is reabsorbed than urea
* As the result, urea is concentrated by about 50%
*In the thin descending limb, urea is concentrated signficantly
* Some urea is added to the fluid by UT-A2 transport proteins
* As water is removed in the loop of Henle, urea is concentrated by 30-40 times
* Inthe thick ascending limb, some urea may diffuse back out into the medullary interstitium
* Inthe inner medulla, urea is recycled by countercurrent exchange and a high urea concentration is
maintained to facilitate osmotic recovery of water from the tubular fluid
*The distal nephron is largely urea-impermeable
* The recovery of water via aquaporins in the collecting duct further concentrates the urea in the
lumen
* Terminal collecting duct urea concentration can be up to 100 times greater than plasma
* Here, urea permeability is increased, allowing urea diffusion into the inner medulla
* Reuptake of urea from the terminal collecting duct is a part of urea recycling and helps
maintain high urea concentration in the renal medulla
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Glucose handling by the kidney:
*Glucose is a small polar molecule which is not protein-bound
*It is freely filtered in the glomerulus
*In the proximal tubule, close to 100% of it is reabsorbed
*Most of the reabsorption (90%) occurs via the SGLT2 transporter, which uses
the sodium gradient in the proximal tubule to co-transport glucose
*This reabsorptive mechanism is saturable:
* As BSL increases to beyond 10-11 mmol/L, any further increases in BSL will
result in glycosuria, i.e. the extra urine will not be reabsorbed
* This glucose reabsorption threshold is dependent on the GFR
* Alower GFR decreases the glycosuria threshold
*If glucose reabsorption mechanisms are saturated, glucose in the urine acts as an
osmotic diuretic
*The proximal tubule is also capable of gluconeogenesis, and can account for up to
40% of gluconeogenesis during fasting.
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Production and elimination of acid
*Normal metabolism acidifies the body fluids
*Elimination of this acid load by the kidneys is accomplished by the acidification of urine (i.e. secretion of acid) and the retention of
filtered alkali (i.e of bicarbonate)
Reabsorption of filtered bicarbonate
*All filtered bicarbonate is reabsorbed by the nephron
*80% of filtered bicarbonate is reabsorbed in the proximal tubule
e Itis converted to lipid-soluble CO, by apical carbonic anhydrase, allowing it to be reabsorbed into the proximal tubule
cells
*20% more is reabsorbed in the thick ascending limb of the loop of Henle
*Regulation of bicarbonate reabsorption regulates responses to alkalosis and respiratory acid-base disturbances, but cannot
compensate for metabolic acidosis, as the maximum effect is a maintenance of the status quo (when 100% of bicarbonate is
reabsorbed)
Excretion of ammonium is the most important mechanism of acid excretion
*Ammonia (NH,) is produced in the kidney from the metabolism of glutamine, which also produces bicarbonate
*In the proximal tubule, NH; binds H* in the lumen and becomes ammonium (NH,*)
*Ammonium is then concentrated in the inner medulla by reabsorption in the thick ascending limb
*Concentrated ammonium is then secreted in the collecting duct
*This is quantitatively the most important mechanism of acid elimination
*Metabolism of glutamine can increase tenfold in response to metabolic acidosis
Excretion of titratable acid also contributes to eliminating acid
*Non-volatile acids produced in the course of metabolism are lactate, ketones, phosphate, sulfate, citrate urate and hippurate.
*These are filtered freely in the proximal tubule
*A large fraction is then reabsorbed in the pars recta, as many of these are essential metabolic substrates
*The remaining fraction allows urine pH to be buffered
*Phosphate is the most important of these buffers quantitatively
* pKa of phosphate is 6.8
* Inthe tubule it is present in two main forms, H,PO,  and HPO,*
*  With increased tubule acidity, HPO,? buffers H* and produces H,PO,, which is poorly absorbed
* H,PO, is then eliminated, taking H* with it.
*Other buffers include creatinine and citrate, which have a higher buffering capacity at low urine pH (around 5.0)



Magnesium Reabsorption in the Kidney

In the last decade, the identification of novel genetic disorders of hypomagnesemia and the development
of transgenic mouse models have significantly improved our understanding of renal Mg2* reabsorption.

TAL cell: DCT cell:

ROMK . o BiCE NCC Ncal ‘ : CIC-Kb
NKCC2
TRPMS/ . o
ok wreinEsr Rkl
il .o . Na-K-ATPase
/~ CLDN14 Na+ Na-K-ATPase
CLDN16
CHONIS CNNM2 or
Cax CaSR ‘- - SLC41A3?
PROXIMAL TUBULE In the proximal tubule, Mg?* reabsorption is dependent on
paracellular permeability by claudin-2/12.
THICK ASCENDING In the thick ascending limb of Henle’s loop, claudin-16/19 provide a
LIMB cation-selective pore for paracellular Mg2+* reabsorption.
DISTAL CONVOLUTED In the distal convoluted tubule, the fine-tuning of Mg2* reabsorption
TUBULE takes place via TRPM6/TRPM7 divalent cation channels.
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TABLE 15-1 Major segments of the nephron and their functions.

Primary Transporters
Water and Drug Targets at

Segment Functions Permeability Apical Membrane Diuretic with Major Action
Glomerulus Formation of glomerular filtrate Extremely high ~ None None
Proximal convoluted Reabsorption of 65% of filtered Na'/K'/  Very high Na/H' (NHE3), carbonic  Carbonic anhydrase
tubule (PCT) CA™, and Mg™; 85% of NaHCO,, and anhydrase inhibitors

nearly 100% of glucose and amino Adenosine antagonists

acids. Isosmotic reabsorption of water. (under investigation)
Proximal tubule, straight  Secretion and reabsorption of organic ~ Very high Acid (eg, uric acid)and  None
segments acids and bases, including uric acid and base transporters

most diuretics
Thin descending limb of  Passive reabsorption of water High Aquaporins None
Henle’s loop
Thick ascending limb of  Active reabsorption of 15=25% of Very low Na/K/2CI (NKCC2) Loop diuretics
Henle's loop (TAL) filtered Na'/K'/CI"; secondary

reabsorption of Ca” and Mg™
Distal convoluted tubule  Active reabsorption of 4=8% of filtered  Very low Na/Cl (NCC) Thiazides
(DCT) Na' and CI™; Ca™ reabsorption under

parathyroid hormone control
Cortical collecting tubule  Na' reabsorption (2=5%) coupled to K'  Variable’ Na channels (ENaC), K K'-sparing diuretics
(CCT) and H' secretion channels, H' Adenosine antagonists

transporter, aquaporins  (under investigation)

Medullary collecting duct  Water reabsorption under vasopressin  Variable’ Aquaporins Vasopressin antagonists

control
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