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FUNKCE LEDVIN

Vylouceni dusikatych latek (mocovina, kreatinin, moc¢ova Kyselina,
urobilinogen, xenobiotika)

Isoionie (Na, K, Cl, Mg, Ca, H, HCOy)

Isovolemie (ECYV, objem plazmy)

Isotonie (homeostaza osmotického tlaku)

Isohydrie (homeostiza ACB rovnovahy, H" a HCO;") — pH 7,36 — 7,44
Regulace TK (renin, kininy, prostaglandiny)

Metabolismus (proteiny, peptidy, toxiny, glukoneogeneze)

Tvorba hormonu (calcitriol, erytropoetin, renin)

U¢inek hormonti (ADH, aldosteron, adrenalin, parathormon atd.)



Homeostaticka funkce ledvin

- Rizeni objemu krve a krevniho tlaku — filtracni tlak

ZvySeny objem krve:
Srdecni vydej
ZvySena glomerularni filtrace
Zvysena sekrece atrialniho natriuretického peptidu
Snizena sekrece ADH a reninu

SniZeny objem Kkrve
Aktivace systému renin-angiotenzin-aldosteron
ADH, retence vody

- Udrzovani koncentrace iontu v plazmé

Na*, K*, CI- = aldosteron
Ca?" a fosfaty = parathormon

- Udrzovani acidobazické rovnovahy
Zména vydeje bikarbonatovych ionti a vodikovych iontu



Endokrinni funkce ledvin
Renin

Snizena perfuze ledvin, stimulace autonomnim systémem,
zvySena koncentrace sodiku a chloru v distalnim tubulu
Systém renin-angiotenzin-aldosteron
Renin aktivuje angiotenzinogen (jatra) na angiotenzin I
Angiotenzin I konvertovan v plicich na angiotenzin I

Angiotenzin II:
Vasokonstrikéni efekt (vas eferens)
Stimulace produkce a sekrece aldosteronu
Aldosteron po vazbé na receptory v distalnim tubulu zvySuje resorpci sodiku

Erythropoetin
Trombopoetin

Vitamin D

1-hydroxylaza — konverze 25-hydroxycholekalciferolu na 1,25-
dihydrocholekalciferol

Parathormon - odbouravani
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ERYTROPOETIN

Glykoprotein, 39 000, a2-globulin.
Rekombinantni erytropoetin.
Male mnoZstvi v plazme, moci, lymfe, fetalni krvi.
: jatra

: ledviny (85-90%) — endotelové bunky peritubularnich kapilar

ledvinné kury, jatra (10-15%)
: tkarniova hypoxie libovolného pitvodu (ledviny),

alkaloza, soli kobaltu, androgeny, katecholaminy ([-receptory)

Kmenova buiika citliva na erytropoetin (erythropoetin responsive
cell) — diferenciace do erytroidni rady:
*zvySeni syntezy nukleovych kyselin
*zvySeni resorpce Zeleza v erytroidnich bunkach
sstimulace uvolnovani bunék z drené do obéhu
— adaptace na vysokou nadmorskou vysku



Osteoblasts — next cellular source of
erythropoietin

HIF signaling in cells of the osteoblastic lineage regulate EPO
expression in bone under physiologic and pathophysiologic
conditions.

In addition to regulating erythropoiesis, EPO has also been
implicated in the regulation of bone formation and repair.

Source Model Phenotype Reference Wu C’ G iaCCia AJ b R an k i n E B:
Osteoblast (OSX-  Remodeling e rral Osteoblasts: a Novel Source of

VHL) (mouse) Y - - -
EPO(SU0; 6000  Remodeing  Incrssed bonev 8 Erythropoietin. Current Osteoporosis
2) (mouse) erythropoiesis.
EPO (300 U/Kg) Remodeling Modest decrease in bone volume. Singbrant et al. Reports 20 14, 1 2(4) :428'432-
(mouse)

EPO (5000 U/Kg)  Repair (mouse)  Increased torsinal stiffness, callus density, and mineralized bone. Holstein et al.
EPO (40 ng) Repair (mouse)  Increased cartilaginous callus formation and bone healing associated with increased Wan et al.

angiogenesis.
EPO (1000 Uy Repair (mouse)  Increased BMP-. uced bone regeneration in a cranial defect model associated with Sun et al.

enhanced angiogenesis.

EPO (500 Iy Repair (mouse)  Increase e in an bridging calvarial defect model. Nair et al.

EPO (500 IE/Kg) Repair (mouse)  Increased bone volume and repair in an femoral segmental defect model associated with  Holstein et al.
increased angiogenesis.

EPO (500 U/Kg) Repair (mouse)  Increased callus formation in a closed femoral fracture model. Garcia et al.

EPO (250 IU/Kg)  Repair (rabbit)  Increased bone fusion in a posterolateral spinal fusion model associated with enhanced Rolfing et al.
angiogenesis. (2011)

EPO (900 IU) Repair (porcine)  Modest increase in bone formation in a calvarial defect model. Rolfing et al.

(2013)

EPO (900 IU)y Repair (porcine)  Increase in bone formation when combined with bone marrow concentrate in a Betsch et al.

osteochondral defect model.

EPO erythropoietin
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FIGURE 2 | Effiects of EPO in skeletal muscle.., activeted by EPO. ¥,  treatmment increases skeletsl muscle hypertrophy end angicgenesis in
not activated by EPOL ?, contredictory results. fn witro, EPO trestment dizessed conditions (chronic renel feilure and Friedreich stsxia,

increases mouse, but mot rat or human myoblast proliferation. EPO respectively), but hes no effect in healthy muscle. In both rodent and
treatment decreases differentiation and fusion of mouse, but not rat or human studies, EPD has been showin to increase or have no effect on
humen myoblesis. EPO trestment protects ageinst apoptosis in mouse rmuscle oxidative capacity. Mote that it s presently unknown if the

but mot in ret myoblasts. In rodents, EFD treatment increases musde effects of EPQ treatment cbserved in rodent end human skeletsl
regeneration and engiogenesis following injury. In humans, EPO muscle are direct or indirect.

Lamon S, Russell AP: The role and regulation of erythropoietin (EPO) and its
receptor in skeletal muscle: how much do we really know? Frontiers in Physiology
2013, 4.




Table 1. Functions of Epo

Function

Meuroprotection
Meurotrophic factor
Neurogenesis

Anti-inflammation

Angiogenesis

Endothelial cel

GURE 1. Expression pattern of Epo/EpoR in the brain
Whereas Epo expression is restricted to astrocytes and neurons, EpaR is expressed on
the surface of endothelial cells, microglia, astrocytes, oligodendrocytes, and neurons.
Epo is thought to act in an autocrine as well as paracrine manner.

Vascular permeability

Description

Infusion of soluble EpoR into the brain of gerbils, subjected to a mild form of ischemia, caused neu-
ronal death in the hippocampus.

Regeneration of saptal chalinergic neurans in adult rats, which had undergane fimbria-fornix transections.
Promation of the survival and differentiation of dopaminergic precurser neurans in vitra.

Hypoxia-induced Epo production acts directly on neuronal stem cells in the forebrain.
Indirectly by inducing BDNF expression.

Reduced production of inflammataery mediators leading to:
Cerebral ischemia: smaller infarcts.

Multiple sclerosis: protection.

Optic neuritis: improved survival of retinal ganglion cells.

Mitogenic action on:

Human umbilical vein.

Adrenal capillary endothelial cells.
Brain capillary endothelial cells.

Angiogenic action on:

Rat aortic rings.

Mouse endometrium.

Chick embrye charisallantenic membrane.

In vitre: BBE protection against VEGF-induced increase in vascular permeability

BOME brain-derived naurotrophic factor: BBB, blood-brain barrier: VEGF vascular endothelial growth factor.

Rabie T, Marti HH: Brain Protection by Erythropoietin: A Manifold Task. Physiology 2008, 23(5):263-274.



End-praximal tubular Activation of
' delivery tubuloglomerular
to the Macula Densa feadback mechanism

~l

Figure 1. How high levels of circulating recombinant EPO may result in suppression of endogenous EPO
synthesis secondary to a decrease in intrarenal oxygen consymption, by intrinsic renal effects

{1} EFO decreases reabsorption of sodium and fluid in the proximal tubule, thereby directly reducing the
major mxygen-consuming process in the kidney, (2) increase in end-proximal tubular delivery to the macula
densa decreases renin release and subsequent angiotensin ll- and aldosterone-dependent reabsorption in mone
distal mephron segments; (3) decreased proximal tubular reabsorption activates the tubuloglomerular feed-
back mechanism producing a fall in GFR and reduction of the filtered load; (4) the resuling increase in renal
oxygen partial pressure in the environment of interstitial fibroblast-like cells down-regulates the hypoxia-inducible
factor-2-dependent praduction of endogenous EPO.

Lundby C, Olsen NV:
of recombinant
erythropoietin  in
humans. Journal
Physiology-London
589(6):1265-1271.

Effects
human
normal
of
2011,



Trombopoetin

= megakaryocyte growth and development factor
(MGDF)

Glykoprotein, mira homologie s erythropoetinem
(prvnich 155 AMK)

: ledviny (bunky proximalniho tubulu), jatra
(parenchym, sinusoidalni endotelialni bunky), v
mensi mire dalsi bunky

vazha trombopoetinu na receptory
trombocytii (CD110) = sniZend hladina
trombopoetinu

Stimulace produkce a diferenciace megakaryocyti
(proliferace, maturace)

— problem s produkci
autoprotilatek proti trombopoetinu a naslednou
trombocytopenii  po aplikaci rekombinantniho
trombopoetinu



increased stromal
TPO production
Q0

thrombocytopenia
=low TPO &
clearance %
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— 4 decreased stromal

k"X @ .
,%%% TPO production
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= high TPO clearance ] Y ,%,g.
" decreased
-thrombopoiesis
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Figure 1. TPO levels are regulated by platelet mass. The liver constitutively produces TPO. Upon binding to Mpl receptors on platelets, TPO is internal-
ized and removed from circulation. A smaller proportion of total TPO is produced by stromal cells in the bone marrow and their TPO mRNA produc-
tion is sensitive to factors produced by platelets such as PF4 and thus also linked to platelet number. TPO then stimulates thrombopoiesis and HSC
quiescence in the bone marrow. In the case of thrombocytosis, much TPO is removed from circulation, resulting in low levels of TPO signaling, while
during thrombocytopenia, little TPO is cleared from circulation, resulting in high levels of TPO signaling. This feedback system allows thrombopoiesis
to be regulated by the available platelet mass but also links HSC quiescence to platelet numbers.

de Graaf, C. A., Metcalf, D., 2011. Thrombopoietin and hematopoietic stem cells.
Cell Cycle. 10, 1582-1589.




Metabolicka funkce ledvin

Glukoneogeneze, a to v zavislosti na podminkach (stresova reakce)
Cca 10 — 20 % Glu pri stresové odpovédi organismu
Glukoneogeneze — kortikalni ¢asti ledviny, zdrojem energie jsou zde MK
V postprandialni periodé paradoxni zvySeni glukoneogeneze
U jater je tomu naopak
Vazba mezi organy? — reciprocni provazanost mezi jatry a ledvinami
Utilizace glukdzy — medularni ¢ast, anaerobni glykolyza
Ledviny nejsou schopné glykogenolyzy — chybi enzymaticka vybava + velmi malé
zasoby glykogenu
Produkce inzulinazy — odbouravani inzulinu

@ Fremina na jaterni glykogen
@ Vychytano kosternimi svaly
& Vychytanov CN3

& Vychytano ledvinami

« Vychytano tukovou tkani

obr. 4 Osud reabsorbované glukazy z potravy.
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Princip funkce ledvin

Interlobar

Glomerularni filtrace = primarni S orios
mo¢ (voda, nizkomolekularni latky '
krevni plazmy)

Zpétny transport latek v tubulu a ™ Interlobular
W y y arterioles
sbéracim kanalku

e Dle druhu latky (pr. glukéza X

N 1 Efferent Bowman's
mOCOVlIla) Glomerulus . arteriole  capsule Proximal tubule
e Dle poti"eby VYlOlléelli létky Juxtaglomerular Cortical
apparatus )
(regulace) = resorpce Afterent collecting tubule

arteriole Distal tubule

Exkrece = vylouceni zbytku filtratu

Arcuate
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Efferent
arteriole

Afferent
arteriole

Juxtamedullary
glomerulus

Renalni cirkulace a nefrony

glomeruli

Interlobular vein

[—— Peritubular
capillary bed

Arcuate Arcuate

artery

Interlobar
vein

Interlobar
artery

Renal medulla
(pyramid)

FIGURE 38-3 Renal circulation. Interlobar arteries divide into arcuate arteries, which give off interlobular arteries in the cortex. The inter-
lobular arteries provide an afferent arteriole to each glomerulus. The efferent arteriole from each glomerulus breaks up into capillaries that supply

blood to the renal tubules. Venous blood enters interlobular veins, which in turn flow via arcuate veins to the interlobar veins. (Modified from Boron
WF, Boulpaep EL: Medical Physiology. Saunders, 2003.)

Dvoji kapilarni sit’ v sérii za sebou

Vyznamny minutovy prutok krve (1250 ml/min)
- 90 % kura, 10 % dren

Tlak krve 60 mm Hg (glomerularni kapilary) X 15 mm Hg (peritubularni kapilarni sit)

Koroveé x juxtamedularni nefrony

Classes of Nephrons

Cortical nephron

= Has short nephron loop and glomerulus
further from the corticomedullary junction

Juxtamedullary nephron

= Has long nephron loop and glomerulus
closer to the corticomedullary junction

= Efferent arteriole supptrﬁs peritubular capillaries = Eﬁerentar‘eriote supplies vasa recta

I
Glomerular capillaries Efferent
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FIGURE 38-2 structural details of glomerulus. A) Section through vascular pole, showing capillary loops. B) Relation of mesangial cells
and podocytes to glomerular capillaries. C) Detail of the way podocytes form filtration slits on the basal lamina, and the relation of the lamina to
the capillary endothelium. D) Enlargement of the rectangle in € to show the podocyte processes. The fuzzy material on their surfaces is glomerular

polyanion.




THE RENAL CORPUSCLE

(a) The epithelium around glomerular capillaries
is medified into podocytes.

Thick Efferent
ascending arteriole
limb of

Bowman's
capsule

Capsular
epithelium

(c) Podocyte foot processes surround each capillary, leaving slits
through which filtration takes place. Mesangial cells between

the capillaries contract to alter blood flow.

Mesangial
cell

Lumen of
Bowman's
capsule

Glomerular
capillary
Lumen of
Bowman's
capsule

(b) Micrograph showing podocyte foot processes
around glomerular capillary.

(d) The glomerular capillary endothelium, basal lamina,

and Bowman's capsule epithelium create a three-
layer filtration barrier. Filtered substances pass
through endothelial pores and filtration slits.

Foot process
of podocyte

Pores in «—
endothelium

Vi

Capillary—
lumen

Filtered
material

capsule

o
Capillary Ioops

Bowman's space .
P Afferent arteriole

1,
Bowman's capsule Efferent arteriole

A

Slit pores

N

Epithelium

Basement
membrane

Endothelium

B Fenestrations
Figure 26-10

A, Basic ultrastructure of the glomerular capillaries. B, Cross
section of the glomerular capillary membrane and its major com-
ponents: capillary endothelium, basement membrane, and epithe-
lium (podocytes).
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Obr. 8.7 Vliiv velikosti a elektrického naboje castic na jejich filtrabilitu v glomerulu,
na obrazku je dobre videt, Ze malé castice jsou volné filtrovany a velké naopak filtracni
bariérou neprochazeji vithbec; castice o velikosti mezi 1,5 a 3,5 nm vSak prochdzeji
v zavislosti na svém naboji — zatimco kladné nabité castice prochdzeji pomérné snadno,
zaporné nabité castice prochazeji jen velmi obtizné




Filterability of Substances by Glomerular Capillaries Based
on Molecular Weight

Substance Molecular Weight Filterability

Water 18 1.0
Sodium 23 1.0
Glucose 150 1.0
Inulin 5,500 1.0
Myoglobin 17,000 0.75
Albumin 69,000 0.005




GLOMERULARNI FILTRACNI TLAK

hydrostaticky
tlak onkoticky tlak

vkapilafe f | vBowmanové [

pouzdfe

hydrostaticky tlak

onkoticky v Bowmanovée
tlak pouzdre

v kapilafe

Obr. 8.11 Starlingovy sily

Efferent
arteriole

Afferent
arteriole

Pauig = net filtration pressure
15 = 10mmHg

Glomerulus

30rrl'an (s

Q:J ﬁ 5§mmHg

Bowman's capsule

KEY

Py = Hydrostatic pressure (blood pressure)
7 = Colloid osmotic pressure gradient due to proteins
in plasma but not in Bowman’s capsule

Pjqyig = Fluid pressure created by fluid in Bowman's capsule

GFP=P_.— P, +m,

P je hydrostaticky tlak v glomerularnich kapildrach a je totozny s tlakem
krve v téchto kapilarach. Je prakticky hlavni silou podporujici filtraci. Diky
uspoiadani krevniho ob&hu v ledvinach (viz kapitolu 8.2.2) a diky vysokému
odporu ve vas efferens je tento tlak vyrazné vyssi nez v ostatnich systémovych
kapilarach a pfedstavuje pfiblizné¢ 60 mm Hg.

P, je hydrostaticky tlak v Bowmanové pouzdie, ktery pasobi proti tlaku
v kapilarach a tedy i proti filtraci. I tato hodnota je vy$§i, nez je tomu v piipadé
hydrostatického tlaku v intersticiu okolo kapilar v ostatnich ¢astech systémového
obéhu. Je to zplisobeno skutecnosti, ze do Bowmanova pouzdra je filtrovan velky
objem tekutiny a jeji odvod do tubularniho systému ma omezenou kapacitu.
Typicky predstavuje hydrostaticky tlak v Bowmanové pouzdie 15 mm Hg.
n,. je onkoticky tlak v Bowmanové pouzdfe, ktery podporuje filtraci. Protoze
tekutina, kterd je filtrovana v ledvinovych téliscich, obecné neobsahuje Zadné
proteiny, tedy i osmoticky tlak, ktery proteiny vytvafeji v roztoku (tzv. onkotic-
ky tlak) musi byt za normalnich okolnosti prakticky nulovy. Za patologickych
okolnosti ovSem tato hodnota nulova byt vzdy nemusi. Fyziologicky je ale
onkoticky tlak v pouzdie 0 mm Hg.

.. je onkoticky tlak plazmatickych bilkovin v glomerulirnich kapilarach.
Tento tlak brani filtraci, protoZze udrzuje tekutinu v krevnim obé&hu. ProtoZe
v glomerularnich kapilarach dochazi diky rozsahlé filtraci k velkym ztratam
tekutin, hodnota onkotického tlaku v plazmé se béhem pritoku kapilarami
zvySuje z jinde obvyklych 25 mm Hg az na 29 mm Hg.




Tubular Elements
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RIZENI GLOMERULARNI FILTRACE

Faktory ovlivitujici GFP: —
e Permeabilita glomerularnich |
kapilar

vazokonstrikce

e Velikost kapilarniho reciSté —

mezangialni bunky = zména :
7 , : :> PRUTOK KRVE
filtracni plochy W
® Hydr 0 StatiCky a OsmOtic ky Obr. 8.12 Fungovani myogenni auloregulace (podrobnosti viz text)
tlak

Lokalni regulacni
mechanismy LA KRVE

V KAPILARE
GLOMERULU

e Myogenni autoregulace

e Tubuloglomerularni zpétna
vazba

hladky sval hladky sval
ve sténé v. afferens ve sténé v. efferens

Q=AP/R

kde Q je priitok krve organem,
AP je pak rozdil tlakii mezi arteridlnim a venoznim tlakem v daném organu

nervové a humoralni vlivy,

(v pripadé ledvin je to tedy rozdil tlakt mezi a. renalis a v. renalis),
autoregulaéni mechanizmy

R je periferni odpor, ktery je v cévnim fecisti organu kladen toku krve (v piipadé
ledvin jsou hlavnimi rezistencnimi cévami vas afferens, vas efferens a arteria
interlobularis a ty fakticky urcuji periferni odpor v ledving).

Obr. 8.13 Determinanty tlaku krve v glomeruldrni kapilare
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Obr. 8.14 Vztah mezi stiednim tlakem krve a priitokem krve ledvinou Obr. 8.15 Vztah mezi strednim tlakem krve a glomerularni filtract




Factors That Can Decrease the Glomerular Filtration Rate
(GFR)

Physical Determinants*  Physiologic/Pathophysiologic Causes

l Ki— L GFR Renal disease, diabetes mellitus,
hypertension
TPy — L GFR Urinary tract obstruction (e.g., kidney
stones)
Trng — L GFR 1 Renal blood flow, increased plasma
proteins
| Pg — | GFR
LAp > | Pg L Arterial pressure (has only small effect
due to autoregulation)
L Rg = | Pg | Angiotensin IT (drugs that block
angiotensin II formation)
TRA = 1 Pg T Sympathetic activity, vasoconstrictor
hormones (e.g., norepinephrine,
endothelin)

* Opposite changes in the determinants usually increase GFR.

K. glomerular filtration coefficient; Ps, Bowman's capsule hydrostatic pres-
sure; T, glomerular capillary colloid osmotic pressure; Pg,. glomerular capil-
lary hydrostatic pressure: Ap, systemic arterial pressure; Ry, efferent arteriolar
resistance: R, afferent arteriolar resistance.

Hormones and Autacoids That Influence Glomerular
Filtration Rate (GFR)

Changes in renal blood flow

Changes in glomerular capillary hydrostatic pressure
Changes in systemic blood pressure

Afferent or efferent arteriolar constriction

Changes in hydrostatic pressure in Bowman's capsule
Ureteral obstruction

Edema of kidney inside tight renal capsule

Changes in concentration of plasma proteins:
dehydration, hypoproteinemia, etc (minor factors)

Changes in K;
Changes in glomerular capillary permeability

Changes in effective filtration surface area

Hormone or Autacoid Effect on GFR

Norepinephrine l

Epinephrine l

Endothelin \J

Angiotensin 11 < (prevents )
Endothelial-derived nitric oxide

Prostaglandins T

TABLE 38-3 Agents causing contraction
or relaxation of mesangial cells.

Contraction Relaxation

Endothelins ANP
Angiotensin Il Dopamine
Vasopressin PGE,
Norepinephrine cAMP
Platelet-activating factor

Platelet-derived growth factor

Thromboxane A,

PGF,

Leukotrienes C4 and D,

Histamine




(c) Tubuloglomerular feedback helps GFR autoregulation.

¢ GFR increases.

1V

Flow through tubule increases.

v

Flow past macula densa increases.

L

Paracrine from macula
densa to afferent arteriole

v

Afferent arteriole constricts.

v

Resistance in afferent
arteriole increases.

v

Hydrostatic pressure
in glomerulus decreases.

v

GFR decreases.
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Granular cells
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* Arterial pressure

}

Glomerular hydrostatic
pressure

Glomerular ‘
epithelium + GFR

Proximal ‘

NaCl == Macula densa
reabsorption NaCl

- Afferent -
Efferent arteriole 4& Renin

arteriole W/ S ‘

+ Angiotensin Il

Internal
Macula densa elastic Y

lamina Efferent Afferent

arteriolar * arteriolar
resistance resistance

"\ Basement
membrane

Figure 26-18
Figure 26—17
Macula densa feedback mechanism for autoregulation of
Structure of the juxtaglomerular apparatus, demonstrating its pos- glomerular hydrostatic pressure and glomerular filtration rate
sible feedback role in the control of nephron function. (GFR) during decreased renal arterial pressure.




Mezangialni bunky

Juxtaglomerular apparatus Buriky macula densa

Regulation of blood pressure Granulérni buriky
Granule (jg cells) — modified muscle cells secreting renin in response to
falling blood pressure in afferent arteriole
Pﬂ]ﬁcula densa — chemoreceptors which secrete renin if solute concentration
alls

Renin-
angiotensin
mechanism:
Fool procosses ;.HT-::-::EI:L S-E'qUEI"IC'E! of
)
reactions resulting
in aldosterone
secretion from
adrenal cortex:
increases sodium
resorption from
distal convoluted
tubules: water
follows, blood
volume increases
and blood pressure
betwesn caplitaries increases

Monal corpuscls Justaglomarular apparatus




(d) Vasoconstriction of the afferent arteriole increases resistance and
decreases renal blood flow, capillary blood pressure (Py), and GFR.

Decreased capillary
/  blood pressure

(¥ Py)

Decreased

Increased resistance —-uwf]
in afferent arleriole

Increased blood

—/flow to other organs

(e) Increased resistance of efferent arteriole decreases
renal blood flow but increases Py and GFR.

Increased resistance —
in efferent arteriole

— Increased Py,

Increased




pokles glomerularni
filtrace

aktivace
sympatoadrenergniho

+ systému

snizeny pratok tekutiny
pfes macula densa

produkce
vazodilatacné plsobici
latky (NO?)

pokles
glomerularni
filtrace

Obr. 8.17 Ucast ledvin v reakci na pokles

Obr. 8.16 Schéma fungovani tubuloglome- cirkulujici krve

ruldarni zpétné vazby




The urinary excretion of a substance depends on
its filtration, reabsorption, and secretion.

Efferent Glomerulus Peritubular
arteriole capillaries To renal vein

Afferent  Bowman’s To bladder and
arteriole  capsule outside the body

Amount — amount amount  amount of solute
filtered reabsorbed T secreted = excreted

THE FILTRATION FRACTION

Only 20% of the plasma that passes

through the glomerulus is filtered.

Less than 1% of filtered fluid is

eventually excreted. Efferent arteriole

Afferent
arteriole

% >99% of plasma
entering kidney
Peritubular returns to systemic
capillaries circulation.

T/

—
| £) >19% of flud [\
|~ Tisreabeobed. ] )

Remainder

i) Plasma volume capsule of nephron

entering afferent

arteriole = 100% Glomerulus

<1% of
volume is
excreted to
external
environment.




TUBULARNI FUNKCE

ultrafiltrace krevni plazmy

tubularni
epitel

peritubularni
tubularni tekutina
tekutina

TUBULARNI SYSTEM |

I

reabsorpce |
|

<:I |
|

J

TR |
CESTY MOCOVE | ity X

| ®--—<

| T bazolateralni
apikalni membrana
I membrana

Obr. 8.18 Jednotlivé procesy v pritbéhu tvorby, uipravy a vylucovani moci

Obr. 8.19 Pasivni transport: tento typ transportu se odehrdava ve sméru koncentrac-
niho gradientu a nespotfebovava Zddnou energii




Peritubular Tubular Tubular
capillary epithelial cells lumen

(=70 mV) /Tighl junction
Brush border
—Basal (luminal
channels membrane)
tubularni Interstitial  Basement Intercellular space
epitel fluid membrane

tubularni
tekutina peritubularni Figure 27-2
tekutina

Basic mechanism for active transport of sodium through the tubular
epithelial cell. The sodium-potassium pump transports sodium from
the interior of the cell across the basolateral membrane, creating a
nizka vysoka low intracellular sodium concentration and a negative intracellular
osmolarita osmolarita electrical potential. The low intracellular sodium concentration and tubularni
the negative electrical potential cause sodium ions to diffuse from epitel

the tubular lumen into the cell through the brush border.
peritubularni
arni tekutina

vysoka koncentrace nizka koncentrace vysoka koncentrace
ATPazova latky Y latky Y latky Y
pumpa ._____ —'b.
Y

b lateralni ATPazova
azolateralni pumpa

apikalni membrana
membrana

- bazolateralni
apikalni membrana

membrana

Obr. 8.20 Aktivni transport: probiha proti elektrochemickému gradientu a je ener-

geticky narocny; na obrdazku je latka Y transportovana aktivné pres bazolateralni
Obr. 8.21 Transport vody pres tubularni bunky: voda difunduje pasivné ve sméru membranu; sekundarné aktivni transport: na apikalni membrané transportni bilko-
osmotického gradientu vytvoreného transportem solutii vina vyuziva koncentracniho gradientu vytvoreného primarné aktivnim transportem

realizovanym jinou transportni bilkovinou na bazolateralni membrané




Interstitial Tubular
fluid cells

Co-transport

- ====Glucose ZIGIucose
Na*
Na*
@ —T0mv
K#—
<= === Amino acids Amino acids

tubularni
epitel

tubularni Na®
tekutina peritubularni K+ romv H+H

tekutina

Counter-transport
Figure 27-3

Mechanisms of secondary active transport. The upper cell shows the
co-transport of glucose and amino acids along with sodium ions
through the apical side of the tubular epithelial cells, followed by
facilitated diffusion through the basolateral membranes. The lower
cell shows the counter-transport of hydrogen ions from the interior
of the cell across the apical membrane and into the tubular lumen:
movement of sodium ions into the cell. down an electrochemical gra-
dient established by the sodium-potassium pump on the basolateral
membrane, provides the energy for transport of the hydrogen ions

from inside the cell into the tubular lumen.
tubularni
tekutina

transcelularni
transport

tubularni
epitel

paracelularni
transport

apikalni —
membrana bazolateralni
membrana

Na'-K'-
ATPazova
pumpa

—prran bazolateralni
apikaini membréna
membrana

Obr. 8.22 Tmnsport transceluldrni a pamcelu!drm' Obr. 8.23 Podstata sekunddrné aktivniho transportu v ledvinnych tubulech




TABLE 38-5 Renal handling of various plasma constituents in a normal adult human on an average diet.

Per 24 Hours

Substance Reabsorbed Secreted Excreted Percentage Reabsorbed

Na* (mEq) 25,850 150 99.4
K* (mEq) 560° 90 93.3
CI” (mEq) 17,850 99.2
HCO3™ (mEq) 4,900 100
Urea (mmol) 460° 53
Creatinine (mmol) 12 1€
Uric acid (mmol) 50 49
Glucose (mmol) 800 800

Total solute (mOsm) 54,000 53,400

Water (mL) 180,000 179,000

3K* is both reabsorbed and secreted.
PUrea moves into as well as out of some portions of the nephron.

“Variable secretion and probable reabsorption of creatinine in humans.




REABSORPTION IN PERITUBULAR CAPILLARIES

Lower hydrostatic pressure in peritubular capillaries
results in net reabsorption of interstitial fluid.

Bowman's capsule

Efferent
arteriole

Glomerulus "m
N,

Net driving
pressure causes
filtration.

Afferent
arteriole

Proximal
tubule

KEY
Py = hydrostatic pressure

T = colloid osmotic pressure

Peritubular
capillaries

20

[

Pressure

gradient favors

P = fluid pressure reabsorption.

\

All numbers are mm Hg

A. Filtration only B. Filtration, partial
reabsorption

Substancizswstance B
Y

Urlne Urine

C. Filtration, complete D. Filtration, secretion
reabsorption

—_\

Substance C Substance D

Figure 26-9

Renal handling of four hypothetical substances. A, The substance
is freely filtered but not reabsorbed. B, The substance is freely fil-
tered, but part of the filtered load is reabsorbed back in the blood.
C, The substance is freely filtered but is not excreted in the urine
because all the filtered substance is reabsorbed from the tubules
into the blood. D, The substance is freely filtered and is not reab-
sorbed but is secreted from the peritubular capillary blood into the
renal tubules.




REABSORPTION
(a) Principles governing the tubular reabsorption of solutes
Some solutes and water move into and then out of epithelial cells (transcellular or

epithelial transport); other solutes move through junctions between epithelial cells
(the paracellular pathway). Membrane transporters are not shown in this illustration.

¢ Na* is reabsorbed by active transport.

o Na™

9 Anions ? Electrochemical gradient drives anion

reabsorption.

Filtrate is
similar to

interstitial © 1o © Water moves by asmosis, olloving solute Substance Transport Maximum

fluid. reabsorption. Concentrations of other solutes
increase as fluid volume in lumen decreases.

Glucose 375 mg/min

Phosphate 0.10 mM/min

o K+ Caz+ 6
! ! Permeable solutes are reabsorbed by - :
urea diffusion through membrane transporters Sulfate 0.06 mM/min

or by the paracellular pathway. Amino acids 1.5 mM/min
Urate 15 mg/min
Lactate 75 mg/min
Plasma protein 30 mg/min

Tubule lumen epithelium Extracellular fluid

{b) Sodium reabsorption Tubule lumen Proximal tubule cell Interstitial fluid

in the proximal tubule:
active transport . .
@ ® >=/ € Na* enters cell through various Transport Maximums for Substances That Are Actively

This figure shows the membrane proteins, moving

epithelial Na* channel, ENaC. Lorhed [E— LTS ® down its electrochemical Secreted. SUbStanceS that are acril)ely Secrered alSO
dient. oy = .
® Sl exhibit transport maximums as follows:

Na* (@
@® ®\o\#> 9 Na* is pumped out the

basolateral side of cell by the

@ ¢ — Na*-K*-ATPase. Substance Transport Maximum

® ® Creatinine 16 mg/min
® Leak channel Para-aminohippuric acid 80 mg/min

(c) Sedium-linked reabsorption: [Na*] high f [Na*] low Glucose and Na* 0 Na* moving down its electro-
indirect (secondary) active . reabsorbed chemical gradient uses the
[glu] low [glu] high ;
transport SGLT o SGLT protein to pull glucose
® j—r [glu] low into the cell against its

This figure shows glucose, glu _ glu----" concentration gradient.
but amino acids, other o Z
Na*—F> @~~~ __

organic metabolites, and ®
some lons such as phosphate Na* == [Na*] high é Glucose diffuses out the
are also absorbed by @ @ basolateral side of the cell
Na*-dependent cotransport. ® ’ K+ using the GLUT protein.

@ @
k ? Na* is pumped out by

Apical Basolateral (& Nat-K*-ATPase
membrane membrane )




DEJE V PROXIMALNIM TUBULU

tubulami ; Rerdbuiamd tubularni peritubularni
tekutina tekutina tekutina

glukoza,
aminokyseliny,
modcovina,
laktat,

fosfat

Obr. 8.27 Hlavni transportni mechanizmy realizované v druhé poloviné proximal-
niho tubulu

Obr. 8.24 Hlavni transportni mechanizmy realizované v prvni poloviné proximalniho
tubulu

Proximal tubule tubularni peritubularni
tekutina tekutina

a*, Cl-, HCO;~, K*,
HZO, glucose, amino acids

Isasmotic

\: H* organic acids, bases

Figure 27-6

Cellular ultrastructure and primary transport characteristics of the
proximal tubule. The proximal tubules reabsorb about 65 per cent
of the filtered sodium, chloride, bicarbonate, and potassium and
essentially all the filtered glucose and amino acids. The proximal
tubules also secrete organic acids, bases, and hydrogen 1ons into the
tubular lumen. Obr. 8.25 Podstata resorpce bikarbonatovych iontit

Creatinine

--—----n----r---"_’::-_::::

Na* Osmolality

HCO,

Tubular fluid / plasma concentration

T T 1 1
20 40 60 80 100
% Total proximal tubule length

Figure 27-7

Changes in concentrations of different substances in tubular fluid
along the proximal convoluted tubule relative to the concentrations
of these substances in the plasma and in the glomerular filtrate. A
value of 1.0 indicates that the concentration of the substance in the
tubular fluid is the same as the concentration in the plasma. Values
below 1.0 indicate that the substance is reabsorbed more avidly than
water, whereas values above 1.0 indicate that the substance is reab-
sorbed to a lesser extent than water or is secreted into the tubules.




DEJE V HENLEOVE KLICCE

tubularni
tekutina

peritubularni
tekutina

Na*

hypotonicka
tekutina

HCO,"

-

Obr. 8.29 Osmolarita tubularni tekutiny
pritékajici do Henleovy klicky z proxi-
Obr. 8.28 Hlavni transportni mechanizmy realizované v Henleové klicce (konkrétné

mdalniho tubulu a odtékajici z Henleovy
v tlustém segmentu vzestupného raménka Henleovy klicky) Il ey dlo ditstisinilon Datuis




Thin descending
loop of Henle

Thick ascending
loop of Henle

Na*, Cl-, K*,
Ca™, HCO4~, Mg~

ypo-
osmotic

b

Figure 27-8

Cellular ultrastructure and transport characteristics of the thin
descending loop of Henle (top) and the thick ascending segment of
the loop of Henle (bottom). The descending part of the thin segment
of the loop of Henle is highly permeable to water and moderately
permeable to most solutes but has few mitochondria and little or no
active reabsorption. The thick ascending limb of the loop of Henle
reabsorbs about 25 per cent of the filtered loads of sodium, chloride,
and potassium, as well as large amounts of calcium, bicarbonate,
and magnesium. This segment also secretes hydrogen ions into the
tubular lumen.

Renal Tubular
interstitial Tubular lumen
fluid cells (+8 mV)

+ K+
Paracellular Na*, K

«===mmmmmmm——cee—mmaam-===== g+, Ca™

diffusion
Na+t
K+ @

4------0'-

_*________I

Loop diuretics

* Furosemide

» Ethacrynic acid
* Bumetanide

Figure 27-9

Mechanisms of sodium, chloride, and potassium transport in the
thick ascending loop of Henle. The sodium-potassium ATPase pump
in the basolateral cell membrane maintains a low intracellular
sodium concentration and a negative electrical potential in the cell.
The 1-sodium, 2-chloride, 1-potassium co-transporter in the luminal
membrane transports these three ions from the tubular lumen into
the cells, using the potential energy released by diffusion of sodium
down an electrochemical gradient into the cells. Sodium is also
transported into the tubular cell by sodium-hydrogen counter-trans-
port. The positive charge (+8 mV) of the tubular lumen relative to
the interstitial fluid forces cations such as Mg™ and Ca™ to diffuse
from the lumen to the interstitial fluid via the paracellular pathway.




DEJE V DISTALNIM TUBULU A SBERACIM KANALKU

Early distal tubule

; Na*, CI-, Ca*+, Mg**

Late distal tubule
and collecting tubule
Principal
cells

Intercalated
cells

Figure 27-11

Cellular ultrastructure and transport characteristics of the early
distal tubule and the late distal tubule and collecting tubule. The
early distal tubule has many of the same characteristics as the thick
ascending loop of Henle and reabsorbs sodium, chloride, calcium,
and magnesium but is virtually impermeable to water and urea. The
late distal tubules and cortical collecting tubules are composed of
two distinct cell types, the principal cells and the intercalated cells.
The principal cells reabsorb sodium from the lumen and secrete
potassium ions into the lumen. The intercalated cells reabsorb potas-
sium and bicarbonate ions from the lumen and secrete hydrogen
ions into the lumen. The reabsorption of water from this tubular
segment is controlled by the concentration of antidiuretic hormone.

Renal Tubular
interstitial Tubular lumen
fluid cells (=10mV)

~---——=CI

Thiazide diuretics:

Figure 2710

Mechanism of sodium chloride transport in the early distal tubule.
Sodium and chloride are transported from the tubular lumen into
the cell by a co-transporter that is inhibited by thiazide diuretics.
Sodium is pumped out of the cell by sodium-potassium ATPase and
chloride diffuses into the interstitial fluid via chloride channels.

Renal Tubular
interstitial Tubular lumen
fluid cells (-50 mv)

Kt mmmmm

*------Na*

Q

Aldosterone antagonists Na+ channel blockers
* Spironolactone « Amiloride
* Eplerenone « Triamterene

Figure 27-12

Mechanism of sodium chloride reabsorption and potassium secre-
tion in the late distal tubules and cortical collecting tubules. Sodium
enters the cell through special channels and is transported out of the
cell by the sodium-potassium ATPase pump. Aldosterone antago-
nists compete with aldosterone for binding sites in the cell and
therefore inhibit the effects of aldosterone to stimulate sodium reab-
sorption and potassium secretion. Sodium channel blockers directly
inhibit the entry of sodium into the sodium channels.




tubularni peritubularni
tekutina
tubularni peritubularni Na*
tekutina tekutina

Obr. 8.31 Hlavni transportni mechanizmy realizované v druhé poloviné distalniho
tubulu a ve sbéracim kanalku, funkce hlavnich bunék

tubularni peritubulami
tekutina tekutina
HCO,

CA .

Obr. 8.30 Hlavni transportni mechanizmy realizované v prvni poloviné distalniho g\
tubulu

Obr. 8.32 Hlavni transportni mechanizmy realizované v druhé poloviné distalniho
tubulu a ve sbéracim kanalku; funkce vmezerenvch bunék




Medullary
collecting duct

&

Figure 27-13

Cellular ultrastructure and transport characteristics of the
medullary collecting duct. The medullary collecting ducts actively
reabsorb sodium and secrete hydrogen ions and are permeable to
urea, which is reabsorbed in these tubular segments. The reabsorp-
tion of water in medullary collecting ducts is controlled by the con-
centration of antidiuretic hormone.




OSMOLARITY CHANGES THROUGH THE NEPHRON
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— D. Resorpce, sekrece a frakéni vyluéovani

1 ] L

fra_kér_u' resorpce (FR) [%]

P = koncentrace
v plazmé
TF = koncentrace
v tubularni
tekuting

' 4 nytujere

o
o
1

kencentrace v plazmé (P)
% Vv proximalnim tubulu
[% filtrovaného mnozstvi]

% v Henleové kli¢ce
frakeni vyluéovani (FE)

(TF/P)
celkové %

(TF/P)

= | snizujeFE

10% 93%-99,5% 0,5%-7% ADH:

=~ P
o o
]

25 % 95%-99,5 % 0,5%-5% aldosteron:
04 ADH:
ANP:

4,6 10%-20% mj. 2%-150% aldosteron:
sekrece

volné: 1,6 95%-99% 1%~-5% PTH:
aciddza:

c
Q
-
m©
]
=
c
[
o
c
Q
o
©
£
0
5
o
—_—
=
3
=
]
=
3
E
=

Fm—————
I

1

1

I

1

L

okolo 20 % 95%-99,5 % 0,5%-5%

Distal
tubule

Proximal : Loop of
tubule 1 Henle

Collecting
tubule

v
= e

98%-99%  1%-2%  alkaldza: 4

_ . 80%-97%  3%-20% P stoupa:
fosfaty : ; 5 Hllaie e b
o i : - v e o Ca?* klesa: b
acidéza: i

Figure 27-14
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Changes in average concentrations of different substances at differ-
ent points in the tubular system relative to the concentration of that mocovina 50% sekrece okolo60%  okolo40% diuréza:
substance in the plasma and in the glomerular filtrate. A value of 1.0 o

indicates that the concentration of the substance in the tubular fluid o

. . . 0%
is the same as the concentration of that substance in the plasma. G 2.9)
Values below 1.0 indicate that the substance is reabsorbed more :
avidly than water, whereas values above 1.0 indicate that the sub- PAH (i.v.) C.w.
stance is reabsorbed to a lesser extent than water or is secreted into :
the tubules.
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— C.Resorpce oligopeptidi D. Resorpce bilkovin endocytézou

albumin
a jiné bilkoviny

B. Resorpce organickych latek
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— sekundarni aktivni transport (kotransport), glukéza — SLGT2/1 — pozn. saturovatelnost!
— glutathion, angiotenzin Il, atd. — enzymy (gama-glutamyltransferaza, aminopeptidazy, endopeptidaza —

volné AMK
— intaktni molekuly, kotransportni nosi¢ pepT2, ktery je pohanén H+ gradientem

— albumin, lysozym, mikroglobuliny — receptorové zprostredkovana endocytéza, ! Saturovana jiz za
fyziologickych podminek




SEKRECE ORGANICKYCH IONTU

DETOXIKACE XENOBIOTIK!

- NEZMENENA PODOBA
- ENZYMATICKE PRIPOJENI -OH NEBO —COOH
- KONJUGACE (kys. glukuronova, sirova,
acetat, glutathion)
- Konjugaty jsou vylouéeny moci
- Proximalni tubulus!
- Aktivni transportni mechanismy
- Prenasece pro organické anionty (OA-)
- Prenasece pro organické kationty (OK+)
- Saturovatelnost!
Anionty
- OAT1 = transportér organickych aniontu
— VYMENOU ZA DIKARBOXYLATY
- hNaCD-1 = sekundarni aktivni transport
- Vystup OA- je pasivni
-  MRP-1 — ATP-dependentni konjugatova
pumpa
Kationty
- Nosic pro OK+ pohanény ATP = MDR-1
- Vyménny prenase¢ OK+/H+
- Polyspecificky prenasec OCT

B. Sekrece organickych aniontii (OA”)

lumen “bunka
. Iin g
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ey
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P
. amfifilni b

OA~ + Y s konjuga 4
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vyluéovani
C. Sekrece organickych kationtd (OK*)

lumen fika proximdiniho tubu
+ — i
X GK = %
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krev

i
:
:
S

adrenalin,
cholin,
histamin,
serotonin,
atropin,
chinin,
cimetidin,
morfin

a fada dalsich

vyluéovani




SEKRECE ORGANICKYCH IONTU

ORGANIC ANION SECRETION

Proximal tubule secretion of organic anions by the organic anion transporter (OAT) is an example of tertiary active transport.

=

Y
Filtrate

Organic anions
enter the lumen by
facilitated diffusion.

Tubule lumen Proximal tubule cell ) Interstitial fluid

6 Direct active transport. The Na*-K*-ATPase
keeps intracellular [Na*] low.

L
Na iNaDE é Secondary indirect active transport. The

Na*-dicarboxylate cotransporter (NaDC)
concentrates a dicarboxylate inside the cell
using energy stored in the [Na*] gradient.

Tertiary indirect active transport. The
basolateral organic anion transporter (OAT)
concentrates organic anions (OA”) inside the
cell, using the energy stored in the

Apical dicarboxylate gradient.
membrane membrane




RESORPCE GLUKOZY

GLUCOSE HANDLING BY THE NEPHRON

(a) Filtration

Filtration of glucose

is proportional to the
plasma concentration.
Filtration does not
saturate.

Filtration rate of glucose
(ma/min)

| |
0 100 300 500

Plasma glucose (mg/100 mL plasma)

(c) Excretion = Filtration — Reabsorption

Glucose excretion
is zero until the renal
threshold is reached.

Renal
threshold

N

I I f I
0 100 300 500

Plasma glucose (mg/100 mL plasma)

Excretion rate of glucose
(ma/min)

(b) Reabsorption

Reabsorption of
glucose is proportional

I to plasma concentration
! Approximate | until the transport

1
normal range | maximum (Ty) is
: reached.
1
|
|

| | | |
0 100 200 300 500

Plasma glucose (mg/100 mL plasma)

Reabsorption rate of glucose
(rg/min)
(%]
-q.d
[

(d) Composite graph shows the relationship between
filtration, reabsorption, and excretion of glucose.

_-Transport
maximum

(%]

]

o
1

Renal
threshold

0 100 300 500
Plasma glucose (mg/100 mL plasmay)

Fittration, reabsorption, and
excretion rates of glucose (mg/min)




DIUREZA A DIURETIKA

TABLE 38-10 Mechanism of action
of various diuretics.

VODNI DIUREZA
- Pokles osmolality plazmy/zvétseni objemu krve =
snizeni hladiny ADH = vyluéovani volné vody

OSMOTICKA DIUREZA

- GF s vétsim mnoZstvim neresorbovatelnych latek
- PFr. manitol

- Osmotické poutani vody

- Taje spolu s nimi vyloucena

- Dalsi priklad — hyperglykemie a glykosurie

TLAKOVA DIUREZA
- Pri zvyseném prutoku krve
- Nejcastéji dusledek hypertenze

Agent
Water
Ethanol

Antagonists of V, vasopressin
receptors such as astolvaptan

Large quantities of osmotically
active substances such as
mannitol and glucose

Xanthines such as caffeine and
theophylline

Acidifying salts such as CaCl, and
NH,CI

Carbonic anhydrase inhibitors
such as acetazolamide (Diamox)

Metolazone (Zaroxolyn), thia-
zides such as chlorothiazide (Di-
uril)

Loop diuretics such as furosemi-
de (Lasix), ethacrynic acid (Ede-
crin), and bumetanide

K*-retaining natriuretics such as
spironolactone (Aldactone), tri-
amterene (Dyrenium), and
amiloride (Midamor)

Mechanism of Action
Inhibits vasopressin secretion.
Inhibits vasopressin secretion.

Inhibit action of vasopressin on
collecting duct.

Produce osmotic diuresis.

Decrease tubular reabsorption of
Na* and increase GFR.

Supply acid load; H* is buffered,

but an anion is excreted with Na™
when the ability of the kidneys to
replace Na® with H* is exceeded.

Decrease H secretion, with resul-
tantincrease in Na* and K+ excre-
tion.

Inhibit the Na—Cl cotransporterin
the early portion of the distal tu-
bule.

Inhibit the Na—K-2Cl cotransport-
er in the medullary thick ascend-
ing limb of the loop of Henle

Inhibit Na*-K* "exchange” in the
collecting ducts by inhibiting the
action of aldosterone (spironolac-
tone) or by inhibiting the ENaCs
(amiloride).




— A. Mista uéinku diuretik

thiazidova diuretika
inhibitory
karbonétdehydratézy ' J‘
(napf. acetazolamid)

Na*-Cl -kotransport

antagonisté
aldosteronu
(napf. spironolakton)

L

Na‘-kanal (nepfimo)

~Klickova diuretika”
(napf. furosemid) ‘

)

Na*-2C1~-K*-kotransport
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RESORPCE VODY A KONCENTROVANI MOCI

Osmolalita definitivni moc€i kolisa v
zavislosti na pfrijmu a vyluéovani
vody

Vodni diuréza umoznuje vylouceni
velkého mnozZstvi vody bez ztrat
NaCl nebo dalsich latek
Predpokladem je disledné oddéleni
resorpce vody a solutu v urcitém
segmentu tubularniho systému

NaCl

300 300 Q{

4
’ 300 100
NaCl

NaCl H,0

100

®©
=
5
o]
=

Figure 28-2

Formation of a dilute urine when antidiuretic hormone (ADH) levels
are very low. Note that in the ascending loop of Henle, the tubular
fluid becomes very dilute. In the distal tubules and collecting
tubules, the tubular fluid is further diluted by the reabsorption of
sodium chloride and the failure to reabsorb water when ADH
levels are very low. The failure to reabsorb water and continued
reabsorption of solutes lead to a large volume of dilute urine.
(Numerical values are in milliosmoles per liter.)

NaCl H,O Urea

Q;( '{ /d 300

300
NaCl

600 6 600 600

00
L4
s, -
y Ok NaCN H,0 AQ.
2 NaC| 4
Urea <&
1200 1200 1200

Formation of a concentrated urine when antidiuretic hormone
(ADH) levels are high. Note that the fluid leaving the loop of Henle
is dilute but becomes concentrated as water is absorbed from the
distal tubules and collecting tubules. With high ADH levels, the
osmolarity of the urine is about the same as the osmolarity of
the renal medullary interstitial fluid in the papilla, which is about
1200 mOsm/L. (Numerical values are in milliosmoles per liter.)

= |\edulla

Figure 28-4

Co je nutné pro normalni funkci zred’ovani a zahusténi mog¢i

nutné?

- Tvorba hypertonické drené s rostoucim gradientem osmolarity

- Rizend produkce ADH
- Kolobéh mocéoviny ve dreni

- Protiproudova vyména ve dreni = Henleova klicka X vasa recta



Summary of Tubule Characteristics—Urine Concentration

Active NaCl Permeability
Transport H,0 NaCl Urea

Proximal tubule +
Thin descending limb 0
Thin ascending limb 0
Thick ascending limb +
+
_+_

Distal tubule

Cortical collecting
tubule

Inner medullary +
collecting duct

0, minimal level of active transport or permeability: +, moderate level of active
transport or permeability; ++, high level of active transport or permeability:
+ADH, permeability to water or urea is increased by ADH.




PROTIPROUDOVY MULTIPLIKACNI SYSTEM

proximalni tubulus distalni tubulus.

TVORBA HYPOTONICKE MOCI

osmolarita
diené

g

S o
=
g5
DX
o8
=

- Tenky segment vzestupnéeho raménka je nepropustny
pro vodu, ale prostupny pro NaCl a mocovinu =
PASIVNE DIFUNDUJI VE SMERU KONCENTRACNIHO
GRADIENTU

- Objem proudici tubularni tekutiny ani jeji osmolarita
se tak neméni — MENI SE VSAK SLOZENI, ABY

ODPOVIDALO SLOZENi INTERSTICIA DRENE s

LEDVIN -
- Tlusty segment vzestupného raménka nepropustny ‘ =2

pro vodu, ale je zde aktivni resorpce rady solutu = vasa recta 8

Fedéni tubularni tekutiny aZz k vyrazné hypotonicité
- V distalnim tubulu a sbéracim kanalku se dale
resorbuji soluty, ale v nepritomnosti ADH je tato cast

1. Henleova klicka vytvari gradient osmolarity
hypertonické drené, ta je ale tvorena jen NaCl a

nepropustnd pro vodu r!unlmfilne mocovinou - nedosahuje takove
- Tubuldrni tekutina se dale redi aZz do vyrazné urovne
hypotonicity 2. SnizZena produkce ADH = voda se neresorbuje v

zavérecnych usecich tubularniho systému
3. Mocovina prechazi z drené do tubularniho
systéemu = snizeni maximalni hypertonicity



proximalni tubulus distalni tubulus

osmolarita
diené

TVORBA HYPERTONICKE MOCI

Rl
S ©
‘Ec
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=

- VLASENKOVITE USPORADANI OBOU RAMENEK
HENLEOVY KLICKY A SBERACIHO KANALKU

- ANALOGICKE PARALELNI USPORADANI KAPILAR
VASA RECTA

- Tento protiproudovy multiplikacni systém umoznuje
kumulaci NaCl a mocoviny ve dreni

mocovina

vasa recta

Obr. 8.51 Schéma tvorby hypertonické moci (podrobnosti viz text)

1. Henleova klicka vytvari gradient osmolarity hypertonické
drené, ta je ale tvorena nejen NaCl, ale také mocéovinou =
dosahuje maximalni arovné

2. Zvysena produkce ADH = voda se resorbuje v zavéreénych
usecich tubularniho systému a vyrovnava osmolaritu drené

3. Mocovina obiha ve dreni ledvin zpét ze sbéraciho kanalku do
vrcholu vlasenky Henleovy klicky = zvysSuje hyperosmolaritu v
hloubi drené
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FIGURE 38-16 Operation of the loop of Henle as a countercurrent multiplier producing a gradient of hyperosmolarity in the
medullary interstitium (MI). TDL, thin descending limb; TAL, thick ascending limb. The process of generation of the gradient is illustrated as oc-
curring in hypothetical steps, starting at A, where osmolality in both limbs and the interstitium is 300 mOsm/kg of water. The pumps in the thick
ascending limb move Na* and CI” into the interstitium, increasing its osmolality to 400 mOsm/kg, and this equilibrates with the fluid in the thin
descending limb. However, isotonic fluid continues to flow into the thin descending limb and hypotonic fluid out of the thick ascending limb. Con-
tinued operation of the pumps makes the fluid leaving the thick ascending limb even more hypotonic, while hypertonicity accumulates at the
apex of the |00p. (Modified and reproduced with permission from Johnson LR [editor]: Essential Medical Physiology, Raven Press, 1992.)




COUNTERCURRENT MECHANISMS

A countercurrent heat exchanger

(a) If blood vessels are not close to each other, heat (b) Countercurrent heat exchanger allows warm blood entering the
is dissipated to the external environment. limb to transfer heat directly to blood flowing back into the body,|

Warm Cold Warm  Warm
blood blood blood blood

Y

Heat lost
to external
environment

() Countercurrent exchange in the vasa recta (d) The apical surface of the ascending limb is not permeable
to water. Active reabsorption of ions in this region creates

Filtrate entering the Blood in the vasa The ascending limb 2N iR s En

descending limb recta removes pumps out Na®, K*,
becomes progressively water leaving the and CI7, and filtrate
more concentrated loop of Henle. becomes hyposmotic.

as it loses water. /\
t/
N 2 5 v

300 300 300 100
mOsM mOsM mOsM mOsM

¥

500 Water cannot
p {' (®] follow solute.
v A

e

@ Na*

Cells of ascending
loop of Henle

1200
mOsM ’ mOsM
1200 mOsm
entering
ascending
loop of Henle




RiZENI TUBULARNICH PROCESU

glomerularni -~
filtrace

_ onkoticky I

tlak

tubularni .
resorpce

glomerulami .
filtrace

onkoﬁck

tubularni ~__
resorpce

Obr. 8.33 Schéma glomerulotubuldrni rovnovahy: vztah glomeruldarni filtrace, on-
kotického tlaku v peritubularnich kapilarach a tubularni resorpce

Factors That Can Influence Peritubular Capillary
Reabsorption

LR, = TP,
LRy = TP,
¢ T Arterial Pressure — T P.
T n. — T Reabsorption
e Try, > Tr
e TFF—= Tn,
T Kr — T Reabsorption

TP, =5l Reabsorption
L ]
L ]

P.. peritubular capillary hydrostatic pressure; R, and Ry, afferent and effer-
ent arteriolar resistances, respectively; m., peritubular capillary colloid osmotic
pressure; m,, arterial plasma colloid osmotic pressure; FF, filtration fraction;
K. peritubular capillary filtration coefficient.



CENTRALNI RiZENI TUBULARNICH PROCESU

Stimulus for Mechanism Actions on
Symp atikus (Stimlﬂace resorpce Hormone Secretion Time Course of Action Kidneys
PTH 1 plasma [Ca?] Fast Basolateral 1 phosphate reabsorption
Na+) receptor (proximal tubule)
Adenylate cyclase T Ca?* reabsarption
cAMP — urine (distal tubule)
ADH Stimulates To-hydroxylase
(proximal tubule)
T plasma osmolarity Basolateral V, T H,0 permeability
AldO Steron 1 blood volume receptor (late distal tubule and
Adenylate cyclase collecting duct
- r cAMP principal cells)
AnglotenZln II (Note: V, receptors are
on blood vessels;
mechanism is Baz*—IPal
ANP Aldosterone 1 blood volume New protein T Na* reabsorption
(via renin— synthesis (ENaC, distal tubule
0 angiotensin 11) principal cells)
DOp amin T plasma [K*] T K* secretion (distal
] tubule principal cells)
W r T H* secretion (distal
Parathormon (zpétna resorpce tubule Gintercalated
cells)
C aZ+) ANP T atrial pressure Guanylate cyclase T GFR

cGMP 1 Na* reabsorption

Angiotensin Il 1 blood volume T Nat—H* exchange and
(via renin) HCO," reabsorption
(proximal tubule)

ADH = antidiuretic hormone; ANP = atrial natriuretic peptide; cAMP = adenosine monophosphate; cGMP = cyclic guanosine monophosphate;
GFR = glomerular filtration rate; PTH = parathyroid hormone; EnaC = epithelial Na* channel.

Hormones That Regulate Tubular Reabsorption

Hormone Site of Action Effects

Aldosterone Collecting tubule and duct T NaCl, H,O reabsorption, T K* secretion

Angiotensin 11 Proximal tubule, thick ascending loop of Henle/distal T NaCl, H,O reabsorption, T H* secretion
tubule, collecting tubule

Antidiuretic hormone Distal tubule/collecting tubule and duct T H,0 reabsorption

Atrial natriuretic peptide Distal tubule/collecting tubule and duct 1 NaCl reabsorption

Parathyroid hormone Proximal tubule, thick ascending loop of L PO, =~ reabsorption, T Ca* reabsorption
Henle/distal tubule




ZVYSENY PRIJEM DRASLIKU

stimulace chemoreceptort
v kife nadledvin

zvySené uvolhovani
aldosteronu

ledvinné tubuly

L zvySena sekrece kalia

aktivace sympatiku

ZVYSENE VYLUCOVANI DRASLIKU

snizeny objem extracelularni

ledviny

zvySené uvolfovani
reninu

kiira nadledvin

zvysené uvolfiovani
aldosteronu

ledvinné tubuly

zvySena resorpce natria
a nasledné i vody

SNIZENY OBJEM VYLOUCENE
[Yelef]

neurchypofyza

zvy$ené uvoliiovani ADH

ledvinné tubuly

zvySena propustnost
pro vodu

|

zvySena resorpce vody




Vasopressin makes the collecting duct permeable to water.

(a) With maximal vasopressin, the collecting duct is freely permeable (b) In the absence of vasopressin, the collecting duct is
to water. Water leaves by osmosis and is carried away by the vasa impermeable to water and the urine is dilute.
recta capillaries. Urine is concentrated.
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(c) Vasopressin causes insertion of water pores into the apical membrane.

Cross section of

: Collecting Medullary
collecting duct duct Collecting duct cell interstitial E
lumen fluid

S
( T 11Ye]

E; ta) é@

gl i

EHHE

(5 v ? Water is absorbed by

600 mOsM = .

Filtrate mUs osmosis into the blood. @

300 mOsM L > @ i.
600 mOsi

Storage vesicles 700 mOsM

o (——

Exocytosis Q Receptor activates

of vesicles Q cAMP second

ﬁ Q messenger system. Vasopressin binds to
Q prd V * membrane receptor.

Cell inserts AQP2 Aquaporin-2 cAMP O O
ter pores into water pores i
water po Vasopressin Start
apical membrane. 0
Vasopressin ' -

\ receptor O Direction of
blood flow




(a) Control of vasopressin secretion

Decreased
Decreased atrial stretch due
blood pressure e
1 volume
Carotid and aortic Atrial stretch
baroreceptors receptor

! }

Osmolarity
greater than
280 mOsM

}

Hypothalamic
osmoreceptors

!

Sensory neuron

Sensory neuron
to hypothalamus

to hypothalamus

Interneurons to
hypothalamus

Vasopressin (released
from posterior pituitary)

Collecting duct
epithelium

:

r N
— Insertion of water pores
in apical membrane
LS l v

Kidneys

Increased water
reabsorption to
conserve water

(b) The effect of plasma osmolarity
oh vasopressin secretion

T T T
280 290 300

Plasma osmolarity (mQOsM)

Plasma vasopressin (picomal/L)
w
1

@ Vasopressin
¢ (AVP)

Stimulus

Sensor
[} Input signal
<> Integrating center
[) Output signal
D Target
C] Tissue response
o Systemic response

£ AVP is made and
packaged in cell body
of neuron.

Vesicles are transported
down the cell.

Vesicles containing AVP
are stored in posterior
pituitary.

Posterior pituitary
Vein

AVP is released into

? blood.

ARGININE VASOPRESSIN (AVP), Antidiuretic hormone (ADH)

Origin

Hypothalamic neurons. Released
from posterior pituitary

Chemical nature

9-amino acid peptide

Transport in the
circulation

Dissolved in plasma

Half-life

15 min

Factors affecting
release

t Osmolarity (hypothalamic osmoreceptors)
} Blood pressure or volume (carotid, aortic,
atrial receptors)

Target cells or
tissues

Renal collecting duct

Receptor/second
messenger

V2 receptor/cAMP

Tissue action

Increases renal water reabsorption

Action at cellular-
molecular level

Inserts AQP water pores in apical
membrane

@

FIGURE QUESTIONS

1. What is the threshold osmolarity
for vasopressin release?

2. What signal in the AVP neuron
triggers exocytosis of AVP-
containing vesicles?
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Obr. 8.48 Modulujici viiv objemu krve na produkci antidiuretického hormonu




Regulation of ADH Secretion

Increase ADH

T Plasma osmolarity
d Blood volume
! Blood pressure

Nausea
Hypoxia

Drugs:
Morphine
Nicotine
Cyclophosphamide

Decrease ADH

d Plasma osmolarity
T Blood volume
T Blood pressure

Drugs:
Alcohol
Clonidine (antihypertensive drug)

Haloperidol (dopamine blocker)




Aldosterone

(a) The primary action of aldosterone is renal sodium reabsorption.

4 Blood

ALDOSTERONE

11K pressure

Origin

Adrenal cortex

l

Chemical nature

Steroid

Very high

osmolarity RAS pathway

Biosynthesis

Made on demand

l

Transport in the
circulation

50-70% bound to plasma protein

Half-life

15 min

’I Adrenal

_®| cortex

l

Factors affecting
release

{ Blood pressure (via renin)
t K* (hyperkalemia)
Matriuretic peptides inhibit release

Aldosterone J

Target cells or
tissues

Renal collecting duct—principal cells

!

Receptor

Cytosolic mineralocorticoid (MR) receptor

[ P cells of collecting duct ]

l

Tissue action

Increases Na* reabsorption and K* secretion

t Na* reabsorption
t K* secretion

Action at cellular-
molecular level

Synthesis of new ion channels (ENaC and
ROMEK) and pumps (Na*-K+-ATPase);
increased activity of existing channels and pumps.




(b) Aldosterone acts on principal cells.

Lumen
of distal
nephron

K+ secreted 4—-—‘__':;\
I

Na* reabsorbed

P cell of distal nephron

Interstitial
fluid

i

Hormone-receptor
complex initiates
transcription in
the nucleus.

Aldosterone
combines with
a cytoplasmic
receptor.

e Translation and

protein synthesis
makes new protein

channels and pumps.

—a=—— Na*
e

<« MNew j\
channels J| -New pumps ——» @TF‘

Aldosterone-induced
proteins modulate existing
channels and pumps.

- Aldosterone
receptor

Result is increased
Na* reabsorption
and K* secretion.

D
@
A

Q

N\

Aldosterone

O




The Renin-angiotensin System (RAS)

This map outlines the control of aldosterone secretion as well as
the blood pressure-raising effects of ANG Il. The pathway begins

when decreased blood pressure stimulates renin secretion.

Jr NaCl
transport

ir Blood
pressure

5

direct effect

Cardio-
vascular
control
center
constantly
produces

ANGIOTENSIN (ANG II)

Origin

Inactive precursor protein
angiotensinogen made by liver

Chemical nature

8-amino-acid peptide

Biosynthesis

Angiotensinogen 210,
ANG | —ACE » ANG II

Transport in the
circulation

Dissolved in plasma

Angiotensinogen
in the plasma

Half-life

1 min (renin half-life:
10-20 min)

1 Sympathetic
activity

of distal tubule

[ Macula densa

Renin
(enzyme)

Granular cells of
afferent arteriole

produce

) @)

L
ANG | in plasma

contains AGE
(enzyme)

Blood vessel
endothelium

A

ANG Il in
plasma

Factors affecting
release

| Blood pressure (via renin)

Control pathway

Renin-angiotensin system

Target cells or
tissues

Adrenal cortex, arterioles,
brain

Receptor

AT receptors

Tissue action

Adrenal cortex: secrete
aldosterone

Arterioles: vasoconstrict

Medulla oblongata: reflexes
to increase blood pressure

Hypothalamus: vasopressin
secretion and increased
thirst

Cardiovascular
control center
in medulla
oblongata

pothalamus

4 Aldosterone

¥

| Proximal tubule I

@
Y
Vasoconstrict 4 Cardiovascular
response

L qam,

pressure

4 Volume
and maintain
osmolarity

4 Vasopressin [ 4 Thirst J [ 4 Na* reabsorption]




Natriuretic Peptides

Atrial natriuretic peptide (ANP) promotes salt and
water excretion. Brain natriuretic peptide (BNP) is
a clinical marker for heart failure.

NATRIURETIC PEPTIDES (ANP, BNP)

Origin Myocardial cells

Chemical nature Peptides. ANP: 28 amino acids, BNP: 32 amino acids

Biosynthesis Typical peptide. Stored in secretory cells

Transport in the Dissolved in plasma
Increased circulation
blood volume
causes increased Half-life ANP: 2-3 min, BNP: 12 min
atrial stretch.

Factors affecting t Myocardial stretch. ANP: atrial stretch due to
release increased blood volume. BMP: ventricular stretch in
heart failure

Target cells or tissues ANP: kidney, brain, adrenal cortex primarily

Receptor NPR receptors. Guanylyl cyclase-linked
receptor-enzymes

Systemic action of ANP | Increase salt and water excretion

Tissue action Afferent arterioles: vasodilate to increase GFR;
inhibit renin secretion
Nephron: decrease Na* and water reabsorption

L . Adrenal cortex: inhibit aldosterone secretion
Natriuretic peptides Medulla oblongata: reflexes to decrease blood
pressure

Hypothalamus: inhibit vasopressin secretion

v

Medulla

J, l oblongata

| Afferent arteriole I

dilates
v v

[ IncreasedJ Decreased Decreased

GFR renin Less aldosterone sympathetic output

4 NaCl and
H50 excretion

Decreased blood
volume




RENAL MECHANISMS FOR ACID-BASE BALANCE

Blood (a) Proximal tubule reabsorption of filtered HCO5".
Glomerulus
RN —— + +
e o~ Ne L \j / 1/ Bowman's Interstitial Peritubular
K+ 4\{ 7 capsule fluid capillary
HCOq~ + H* - H#* - H*% + HCO4- Aol ] -
- iltration
(filtered) 'H, \ 3l
Jr Filtered HCO4- [ )
HoCO4 HzCO4 is reabsorbed L Proximal tubule cell
3
e ca U
Na* ‘ Na® - _
FIGURE 5-19 Mechanism for reabsorption of filtered HCO,~ in the proximal tubule. CA = carbonic anhydrase. Secreted H”
Y ~» Na* Z Na*
Intercalated cell Blood Filtered HCO;™ + H* HCO{Z‘ HCO5 —
H* in filtrate lc,q ¢ CO;, diffuses into cell. T
combines with o eo. o ho ca b
filtered HCO,~ i 2 > + ML TN =
5 el to .fet;rm (;02,:i : : Ir-elz(?agéorlged
= GO, combines with water " o
HPO42 + H* f_a\' H%+ HCOq~ . K* ? 1o form H+ and HCO; . ) with Na*.
(filtered) 1 \
“New” HCO4-
HaCO4 is reabsorbed Nat————————————— > Na* Na*
Secreted H* and NH,* NH,* KG——— HCO,~ HCO5
’H’ CA @ y/:\l\” will be excreted y 4vaa ¢ £
J [ l Glutamine
[

HQPOq,_ COQ + H20 K
Titratable acid — NH," is secreted Glutamine is metabolized
is excreted and excreted. to ammonium ion and HCO5™.

FIGURE 5-20 Mechanism for excretion of H* as titratable acid. CA = carbonic anhydrase.

(b) Acidosis. Type A intercalated cells in collecting duct function (c) Alkalosis. Type B intercalated cells in collecting duct function
in acidosis. H* is excreted; HCO;™ and K* are reabsorbed. in alkalosis. HCO;™ and K* are excreted; H* is reabsorbed.
Lumen of Type A Interstitial Lumen of Type B Interstitial
collecting duct intercalated cell space L collecting duct intercalated cell space
R =1 4 o
[H*] high ] [H*] low 8
R R — a
“ " - H,O + GOy, €—--———— -CO, < HCO,™ + H* H.0 + CO.
H2C05 “New” HCO; Fitog ko | F20+C02 2 3 ,0 + GO,
Glutamine 'IL CA is reabsorbed l cA A
CO2 4+ H0 H* + HCO;™ > HCO4™ /- HCO,~ ‘C
acisasa =
excreted Cr  bufferto cl
¥ [HY]
. . . ¥ K -3
FIGURE 5-21 Mechanism for excretion of H+ as NH;. CA = carbonic anhydrase. T
b1
l High [K*] §—> K*
H* excreted TEEIIENIED Excreted
in urine

in urine



FUNKCE HORNICH CEST MOCOVYCH

- Ledvinné kalichy — systola X diastola

- Panvicka ledvinna — rezervoar (5 ml), roztazitelnost
- Uretery

- Nervova pleten, hladka svalovina

- Pacemakerové neurony v subrenalnim segmentu
- Peristalticky postupujici kontrakce

- Mocové vieténko

Po mocovodu postupuje vzdy jen jedno mocové
vieténko.

LEDVINITA




Fyziologicka kapacita MM — 10 — 300 ml

Po prekroceni stoupa tlak v mocéovém meéchyri =
prvni kontrakce m. detrusor = pocit nuceni na
moceni

Dale zkracujici se intervaly kontrakci

DosazZeni kritického intravezikalniho tlaku = pocit
imperativniho nuceni, ktery nelze potlacit vuli

Vyprazdnéni mocového méchyre = mikce, mikcni

reflex
Stimulace mechanoreceptort ve sténé MM

pfitok
moéi
uretery

mocovy méchyr

zvyseny objem méchyfe

sakralni micha

stimulace center mikéniho
reflexu

L

PRUNIK MOCE DO URETRY

tlak v méchyfi
(cm H,0)

=]
o

100 200 300 400 500 600 objem méchyie
(ml)

Obr. 8.63 Fztah tlaku v mocovém méchyri a objemu mocového méchyre (blizsi po-
drobnosti viz tex,

mozek

uvédomeéni si
e e potfeby mikce

moé&ovy méchyf

‘ zvyseny objem méchyfe

relaxace
stimulace center mikéniho
reflexu

! aktivace parasympatiku




= T R

vylucovani latek moci

latka vyloucené mnozstvi

proteiny
mocovina 334-586

| kreatinin B 8,8-17,0
glukdza | 0

kg/m?

ml/den

jednotka
mg/den

mmol/den

mmol/den

mmol/den




Zakladni funkcni vysetieni ledvin

Clearence (ocisteni) = objem plazmy, ktery je zbaven dané latky za
jednotku casu (ml/s ; ml/min)

il oo

m 0 0
> Oog I OO

il N
NiZsi clearence Vys$§i clearence

1) Clearence latky pouze filtrované (endogenni kreatinin,
inulin)

C...=C

krea glu

=GFR 1-2 ml/s E? y
2) Clearence latky filtrované a resorbované (glukoza, Na) y
3) Clearence latky filtrované a secernované (PAH, penicilin) V




Xa =Py . RPF Av =P, . RPF

kde P, je koncentrace latky X v plazmg, kde P, J'e_k(mcoenga(ie létkyl 53 v plazmé,
RPF je priitok plazmy ledvinami. RPF je priitok plazmy ledvinami.

vstup — a. renalis LEDVINA vystup — v. renalis
P % RKPF P.* RPF

Xa=Xv+ Xu

neboli

Z ledvin odtéka moci za ¢asovou jednotku mnoZstvi latky X:

P, . RPF= (P, . RPF) + (U, . V) ~ - Y
kde U, je koncentrace latky X v mogi,

V je pritok mo¢i vyvodnymi mocovymi cestami.

Obr. 8.67 Koncept clearance vychazi ze zakona zachovani hmoty: mnozZstvi latky,
ktere do ledviny za casovou jednotku vstoupi, ji také musi opustit (samoziejmé, Ze
latka neni v ledvinach ani produkovana, ani metabolizovina)




(a) Inulin clearance is equal to GFR.

.
_ *s®s

Efferent
arteriole

Glomerulus

Afferent
arteriole

molecules
Nephron

If filtration and excretion
are the same, then there
is no net reabsorption or
secretion,and the
clearance of a substance
equals the GFR.

Filtration

: ﬁ
e (100 mL/min)

[ inulinfmin
C— ° \

— Peritubular
capillaries

L ——

100% inulin

excreted

4 inulin/min
excreted

(c) Urea clearance is an example of net
reabsorption. If filtration is greater than
excretion, there is net reabsorption.

—+ X y X x

Filtration 1\
(100 mL/min)
4 urea/min

X
el X
X [rx X
x X
’ —~ )
X

X
X
) X

®

Urea
molecules

100 mL,
0% inulin
reabsorbed

| @ Inulin clearance

=100 mL/min

O dxf| 100mL
X x| | 50% of urea
reabsorbed

XX

50% of urea

@ Urea clearance
= 50 mL/min

excreted

2 urea/min
excreted

If clearance of a substance is less
than GFR, there is net reabsorption.

(b) Glucose clearance: Normally all

glucose that filters is reabsorbed. EEX

D =100 mL of plasma

S0,

Filtration | =100 mL of filtrate

{100 mL/min)
4 glu'.:ose' Plasma concentration

is 4/100 mL.
GFR = 100 mL /min

100 mL plasma is
reabsorbed.

Clearance depends
on renal handling of
solute.

100 mL,
100% glucose
reabsorbed

|
@/ Glucose clearance

Mo glucose s

excreted

0 glucose/min
excreted

(d) Penicillin clearance is an example of
net secretion. If excretion is greater than
filtration, there is net secretion.

> uk A
' Filtration

Some
additional
penicillin
secreted.

* Penicillin
molecules

100 mL,
0 penicillin
reabsorbed

More penicillin @ Penicillin clearance
is excreted than =150 mL/min
was filtered.

6 penicillin/min
excreted

If clearance of a substance is greater
than GFR, there is net secretion.

Hodnoceni GFP
glomerularni filtrace)
» latka, ktera je pouze
filtrovana, a nepodléha dale
Zadnému tubularnimu procesu
* Inulin, kreatinin

(velikost

Hodnoceni RPF (priutok plazmy

ledvinou)

» latka, ktera je filtrovana v
glomerulech a secernovana v
tubulech
malé mnozstvi latky, které
bude vylouceno pri jediném
prutoku krve ledvinou
Kyselina para-
aminohippurova

Pratok krve ledvinou RBF
- Z hodnoty hematokritu RBF =
RPF/(1-HY)




Use of Clearance to Quantify Kidney Function

Term Equation Units

Js .
Clearance rate (Cy) Cs = LP—XV ml/min
3

LIinu in X V
Glomerular filtration rate (GFR) GFR=—tun” °

inulin

-8

Clearance ratio Clearance ratio= None

Cinulin
UPAH xV

PPAH

(Upan X V/ Ppan)

Effective renal plasma flow (ERPF) ERPF =Cpay = ml/min

ml/min

Renal plasma flow (RPF) RPF = SraH _
Epan  (Pean — Vean)/Pran

_ Upan X Vpan

Ppan — Vean

RPF
Renal blood flow (RBF) RBF = T Hematoorn ml/min
—Hematocri

Excretion rate Excretion rate = Uy x V mg/min, mmol/min, or mEqg/min

Reabsorption rate Reabsorption rate = Filtered load — Excretion rate mg/min, mmol/min, or mEq/min
= (GFR x P,) — (U, x V)

Secretion rate Secretion rate = Excretion rate — Filtered load mg/min, mmol/min, or mEg/min

S.a substance U urine concentration; 'V, urine ﬂow late P. plasma concentration; PAH, para-aminohippuric acid; Ppyy, renal arterial PAH concentration; Epyy, PAH




DALSI FUNKCNI VYSETRENI LEDVIN

VYSETRENI KONCENTRACNI SCHOPNOSTI LEDVIN

- VYSETRENI SCHOPNOSTI LEDVIN KONCENTROVAT MOC

- Pacient nepije a nedostava potraviny obsahujici vétsi mnozstvi vody (ovoce) po dobu max. 36 hodin =
koncentra¢ni pokus Ziznénim

- Moc se sbira ve ¢tyrhodinovych intervalech (po 12 hodinach)

- Ukonceni pred dosazenim hranice pro urcity vek

- Pred poslednim vzorkem se odebira rovnéz krev

- Hodnoti se jeji hustota (1.026 — 1.032 g/cm3)

- Co zjisStujeme? Schopnost vyplavit ADH

TEST S ADIURETINEM

- synteticky analog antidiuretického hormonu

- sbér moéi kazdeé 4 hodiny

- opakované zméreni osmolality moci

- Schopnost distalniho tubulu a sbérneho kanalku reagovat na ADH

VYSETRENI ZREDOVACI FUNKCE LEDVIN

ACIDIFIKACNI A ALKALIZACNI TESTY

- Zména pH moci az v tubulech - proximalni - resorpce HCO3-, distalni sekrece H+

Acidifikacni test - chlorid amonny v davce 2 mmol/kg, sbér moci kazdou hodinu, méri se pH moci, dobra acidifikaéni
schopnost pokles pH pod 5,5; SniZzena konc.schopnost u tubularni acidéze I. typu

Alkalizaéni test - hydrogenuhli¢itan sodny v davce 2 mmol/kg, sledovani pH moci, pfi narustu nad 7,8, presné
stanoveni pH moci a pCO2, vypocet HCO3-; zmény u renalni tubularni acidozy Il. typu

Index aktivni sekrece H+ podle rozdilu pCO2 krvi a mocCi
(norma pCO2 nad 3,3 kPa, FEHCO3- nad 0,15)



