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A34. Funkcni morfologie nefronu
A35. Tubularni procesy, tubularni reabsorpce a sekrece a
tvorba moci

A37. Glomerularni filtrace, principy a regulace,
juxtaglomerularni aparat.
A38. VyluCovani Na*, K* a ClI- ledvinami a jeho rizeni.

A42. Zakladni funkcni vysetreni ledvin. Clearance.

A36. Prutok krve ledvinami a jeho autoregulace.



Funkce ledvin

» Vylu€ovani odpadnich produktu a toxinu
(vstup zvnéjSku nebo produkce v ramci metabolickych déju)

» Kontrola objemu a slozeni telesnych tekutin, osmolality
» Udrzovani acidobazicke rovnovahy
» Regulace krevniho tlaku

» Sekrece, metabolismus a exkrece hormonu
(renin, erytropoetin, kininy, prostaglandiny, 1,25-diOHcholekalciferol)

» Glukoneogeneza



Struktura ledvin
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(a) Frontal section illustrating major blood vessels
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Nephron-associated blood vessels
(see Figure 25.7)

(b) Path of blood flow through renal blood vessels
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Struktura

Cortical nephron Juxtamedullary nephron

* Short nephron loop + Long nephron loop

+ Glomerulus further from the cortex-medulla junction * Glomerulus closer to the cortex-medulla junction
« Efferent arteriole supplies peritubular capillaries « Efferent arteriole supplies vasa recta
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Struktura nefronu
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f renal cortical tissue (180X)




Struktura nefronu - glomerulus

Froximal tubule
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Guyton & Hall. Textbook of Medical Physiology
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Podocyte
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Struktura nefronu - glomerulus

> Vysoka rychlost filtrace v glomerulech

Zajisténa vysokou permeabilitou glomerularni membrany (struktura
glomerularni membrany - fenestrace, filtracni stérbiny)

> Prevence prostupu bilkovin
Negativni naboj vsech vrstev glomerularni membrany
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Struktura nefronu - tubulus
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convoluted tubule
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Ganong s Review of Medical Physiology, 23 edition

> glomerulus

> proximalni stoceny kanalek
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LI Pen

Struktura nefronu - tubulus

> glomerulus

> proximalni stoceny kanalek

> Henleova klicka

nerves

=

\ Loop of Henle,

Ll e Juxtaglomerular % \ thin descending limb
©,9, cells
Lo Afferent

thin d arteriole

Loop of Henle,
Ganong s Review of Medical Physiology, 23 edition
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truktura nefronu - tubulus
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Cortical nephron
* Short nephron loop
* Glomerulus further from the cort

Juxtamedullary nephron
+ Long nephron loop
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« Efferent arteriole supplies peritubular capillaries
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Struktura nefronu - tubulus

Proximal

convoluted tubule
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Struktura nefronu - tubulus
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> glomerulus

> proximalni stoceny kanalek
» Henleova klicka
> distalni stoceny kanalek

> sberny kanalek
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Tvorba moce

Efferent
arteriole

Afferent
arteriole

1. Filtration
2. Reabsorption
3. Secretion

Glomerular 4. Excretion

capillaries

Bowman's
capsule

Peritubular
capillaries

Renal
vein

Urinary excretion
Excretion = Filtration — Reabsorption + Secretion

Guyton & Hall. Textbook of Medical Physiology

1) Glomerularni filtrace

2) Tubularni resorpce
3) Tubularni sekrece

4) Exkrece moci



A. Filtration only

Y

Urine

Guyton & Hall. Textbook of Medical Physiology

= Kreatinin

= Nékteré dalsSi

odpadni
produkty

Tvorba moce

B. Filtration, partial
reabsorption

_\ _\
Substance A Substance B
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C. Filtration, complete
reabsorption

Substance C

D. Filtration, secretion

Substance D
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Tvorba moce - Glomerularni filtrace

\/ Froximal tubule
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Guyton & Hall. Textbook of Medical Physiology
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Tvorba moce - Glomerularni filtrace

Rychlost glomerularni filtrace (GFR) zavisi na:

1) Kapilarni filtracnim koeficientu K;
(permeabilita a plocha glomerularni membrany)

2) Rovnovaze hydrostatickych a koloidne-
osmotickych sil

GFR = K, - Cisty filtracni tlak
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Tvorba moce - Glomerularni filtrace

Rychlost glomerularni filtrace (GFR) zavisi na:

1) Kapilarni filtracnim koeficientu K;
(permeabilita a plocha glomerularni membrany)
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Tvorba moce - Glomerularni filtrace

Rychlost glomerularni filtrace (GFR) zavisi na:

1) Kapilarni filtracnim koeficientu K

(permeabilita a plocha glomerularni membrany)

Permeabilita

Velikost kapilarniho reciste
mezangialni bunky:
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Tvorba moce - Glomerularni filtrace

Rychlost glomerularni filtrace (GFR) zavisi na:

1) Kapilarni filtracnim koeficientu K;
(permeabilita a plocha glomerularni membrany)

. Contraction Relaxation
Permeabilita — —
Velikost kapilarniho = Angiotensini Doparmine
mezangialni bunky: e PGE;

Norepinephrine cAMP

kontrakce —
zmenseni filtracni
plochy — pokles K;
— pokles GFR

Platelet-activating factor
Platelet-derived growth factor
Thromboxane A,

PGF,

Leukotrienes C4and Dy

Histamine




Tvorba moce - Glomerularni filtrace

Rychlost glomerularni filtrace (GFR) zavisi na:

1) Kapilarni filtracnim koeficientu K;
(permeabilita a plocha glomerularni membrany)

2) Rovnovaze hydrostatickych a koloidne-
osmotickych sil

GFR = K, - Cisty filtracni tlak
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Tvorba moce - Glomerularni filtrace
GFR = K - Cisty filtracni tlak

Afferent
arteriole

Efferent
arteriole

Glomerular  Glomerular
hydrostatic colloid osmotic
pressure pressure
(60 mm Hg) (32 mm Hg)

capsule
pressure
(18 mm Hg)

nmg =0
Guyton & Hall. Textbook of Medical Physiology
Za fyziologickych podminek:
cisty filtracni tlak = P, + iz - Py - m; =60 + 0 - 18 - 32 = 10 mmHg
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Tvorba moce - Glomerularni filtrace

(mm Hg)
Afferent end Efferent end
Pac 45 45
Py 10 10
Uele 20 35
Pur 15 0

Pur = Pac — Pr—Tgc
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idealized glomerular capillary 3'
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Tvorba moce - Glomerularni filtrace
GFR = K - Cisty filtracni tlak

Renal blood flow
erent
600

Efferent
arteriole

Glomerular  Glomerular
hydrostatic colloid osmotic
pressure pressure
(60 mm Hg) (32 mm Hg)

Glomerular filtration /

s
o5 . AP
Arterial pressure (mm Hg) B BOWH"IEI‘I'SB
Ganong’s Review of Medical ";PSSS‘:I'FEE
Physiology, 23" edition “pé mm Hg)

nmg =0
Guyton & Hall. Textbook of Medical Physiology
Za fyziologickych podminek:
cisty filtracni tlak = P, + iz - Py - m; =60 + 0 - 18 - 32 = 10 mmHg

[GFR = Kf . (PG + Ty - PB S T[G)] %'




Tvorba moce - Glomerularni filtrace

Vas afferens, vas efferens
« vstup a vystup vysokotlake glomerularni kapilarni site

I:)v.a. _ I:)v.e.

Rv.a. i Rv.e. %

« 1 odporu ve vas aff. Ci vas eff. — | prutoku ledvinou
(pokud je stabilni arterialni tlak)

 prutok krve glomerulem

* ridi glomerularni filtracni tlak:
- ™
konstrikce vas aff. > | tlaku v glomerulu —  filtrace

konstrikce vas eff. » T tlaku v glomerulu — T filtrace
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Tvorba moce — Tubularni procesy

_ FILTRATION
Peritubular Tubular
capillary cells v"
Lumen

Paracellular
Bulk e (o——— path

flow h ﬁ Transcellular
_ path

\ Active
Blood e

Passive

(diffusion) Solutes

N
m . OSMOS|S e H., O

REABSORPTION EXCRETION

\

Guyton & Hall. Textbook of Medical Physiology




Tvorba moce — Tubularni procesy

Aktivni transportni mechanismy

1) Primarni aktivni transport
2) Sekundarni aktivni transport

3) Pinocytoza
(velké molekuly, napr. bilkoviny, zejména v proximalnim tubulu)



Tvorba moce — Tubularni procesy

Aktivni transportni mechanismy

1) Primarni aktivni transport

Peritubular : : Tubular : Tubular
capillary I : epithelial cells I lumen
I [
Na*
ATP Na+
Na*+ _
\ \ aTP) K (-3 mv)

K_
(=70 mV) /Tlg ht junction

Brush border

/ — Basal (luminal
_Qﬂ ‘ channels membrane)

Interstitial Basement Intercellular space
fluid membrane
Guyton & Hall. Textbook of Medical Physiology o G ;



Tvorba moce — Tubularni procesy

Aktivni transportni mechanismy

1) Primarni aktivni transport
- Na*/K* ATPaza
- H* ATPaza
- Ca?* ATPaza
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Tvorba moce — Tubularni procesy

Aktivni transportni mechanismy
2) Sekundarni aktivni transport

Interstitial Tubular Tubular
fluid cells lumen

Co-transport

Glucose Glucose
o QN&"’
K+ —romy symport

.
Amino acids Amino acids

Nat Na* c
K+ S oomv () antiport

Counter-transport

Guyton & Hall. Textbook of Medical Physiology ‘
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Tvorba moce — Tubularni procesy

Aktivni transportni mechanismy

Latky podlehajici aktivnimu transportu maji tzv.
transportni maximum (dano saturaci prenasece).

Napr. glukoza

transportni maximum:
~320 mg/min

Glucose reabsorbed (Tg)

Splay

"Ideal"
Actual

Plasma glucose (Pg)

900+

800+

a - |
o o
o o

Glucose filtered load, reabsorption
or excretion (mg/min)
n
o
[ ]

Normal

Filtered
load N

Excrgn/

Reabsorption

I
Transport

maximum

Threshold

| 1 | | | 1 1
0 100 200 300 400 500 600 700 800

Plasma glucose concentration
(mg/100 ml)

Guyton & Hall. Textbook of Medical Physiology
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Tvorba moce — Tubularni procesy
Aktivni transportni mechanismy

Latky podlehajici aktivnimu transportu maji tzv.
transportni maximum (dano saturaci prenasece).

resorpce

Substance Transport Maximum
Glucose 375 mg/min
Phosphate 0.10 mM/min
Sulfate 0.06 mM/min
Amino acids 1.5 mM/min
Urate 15 mg/min
Lactate 75 mg/min
Plasma protein 30 mg/min
sekrece Substance Transport Maximum
Creatinine 16 mg/min
Para-aminohippuric acid 80 mg/min

Guyton & Hall. Textbook of Medical Physiology
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Tvorba moce — Tubularni procesy
Aktivni transportni mechanismy

Latky podlehajici aktivnimu transportu bez
transportniho maxima (,gradient-time transport”).

- resorpce Na* v proximalnim tubulu

U

Cim vé&tsi koncentrace Na* v proximalnim tubulu, tim
vetsi rychlost resorpce.

Cim pomalejsi tok tekutiny v proximalnim tubulu, tim
vice Na* resorbovano.

V distalnejsich castech tubulu uz podleha transport Na*

transportnimu maximu (tésnejsi tight junctions, transport
mensi) — muze byt zvySeno napr. aldosteronem.
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Tvorba moce — Tubularni procesy

AKtivni transpo “aoiay, 11 epmerarceis | amen
| | |
1) Primarni aktivni transport =
2) Sekundarni aktivni transpc K ATP Na
3) Pinocytdza = < | C3my)
(velké molekuly, napt. bilkoviny, (TOmV) _Tgnt junctir
Brush border
Pasivni transpc || | 755:19& membrane)
1) Resorpce H O osmc')zou Intﬁrs:gtial Easet;*nent Intercellular space
2 ui memiprane

= v proximalnim tubulu (vysoce propustny pro H,O)
= aktivni resorpce solutu — koncentracni gradient mezi lumen a
intersticiem — H,O osmozou do intersticia (gradient zrusen)

2) Resorpce solutu difuzi
= CI (Na* do intersticia, resorpce vody osmozou) o
= urea (resorpce vody osmozou) ;



Tvorba moce — Tubularni procesy

Peritubular Lo Tubular : Tubular
capillary : : epithelial cells : lumen
(I 1
Na* reabsorption
------------- Na_
o - - ﬁ\.
Na+ , €= -’
ATP (=3 mv)
K+
(=70 mV) /T|g ht junction .
et bordar H,O reabsorption
—Basal (luminal
channels membrane)
Interstitial Basement Intercellular space
fluid membrane

Lumen . B Luminal
‘f negative Lumlna{ C:. f urea
potential concentration concentration

b

Passive CI-
reabsorption

l

Passive urea
reabsorption

Guyton & Hall. Textbook of Medical Physiology



Tvorba moce — Tubularni procesy

_ FILTRATION
Peritubular Tubular
capillary cells v"
Lumen

Paracellular
Bulk e (o——— path

flow h ﬁ Transcellular
_ path

\ Active
Blood e

Passive

(diffusion) Solutes

N
m . OSMOS|S e H., O

REABSORPTION EXCRETION

\

Guyton & Hall. Textbook of Medical Physiology




Tvorba moce — Tubularni procesy

Fyzikalni sily pusobici v peritubularnich
kapilarach a intersticiu

- tubularni resorpce rizena hydrostatickymi a koloidne-

osmotickymi silami (obdobnée jako GFR)

GFR = K, - Cisty filtracni tlak

l

TRR Eisté resorpcni sila
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Tvorba moce — Tubularni procesy

Fyzikalni sily pusobici v peritubularnich
kapilarach a intersticiu

- tubularni resorpce rizena hydrostatickymi a koloidne-

osmotickymi silami (obdobnée jako GFR)

GFR = K; - Cisty filtracni tlak

l

TRR = K; -[Eisté resorpcni sila]
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Tvorba moce — Tubularni procesy

Fyzikalni sily pusobici v peritubularnich
kapilarach a intersticiu

Peritubular Interstitial Tubular Tubular
capillary fluid cells lumen

~€=-=-==-H,0
~§====Ng*
Net reabsorption
pressure Guyton & Hall.
Textbook of

Medical Physiology
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Tvorba moce — Tubularni procesy

Tubuloglomerularni e ressure <
zpétna vazba |
T GFR — T pritok vody a o e
solutu k macula densa —»
konstrikce aff. arterioly GFR
(tromboxan A2 ?) - { GFR Tubulo-
GloTet;u:o- Solute re;bsorption ‘?EEdbEle
- - uouiar > in proximal tubule
Glomerulotubularni belance :
rovn OVé h a N Solute re;bsorption
. . in thick ascending limb
T GFR — T onkotického :
tlakg ’v perltubularnlch N
kapilarach — T resorpce dolivery to
the distal tubule
v tubulech

Ganong s Review of Medical Physiology, 23 editiory 3 r
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1)
2)
3)

4)
o)

Tvorba moce — Tubularni procesy

Proximalni tubulus

uplna resorpce latek klicovych pro organismus (glukoza,
aminokyseliny)

castecna resorpce latek dulezitych pro organismus (ionty —
Na*, K*, Cl, aj.)

65%

resorpce vody
b=
SEkrece H+ Proximal tubule
resorpce HCOy o o oo K"
V > Iedek H,0, glucose, amino acids
yS ;
. . P Isosmotic
izoosmoticka
tekutlna, H*, organic acids, bases

objem vyznamne

sniZzen Guyton & Hall. Textbook of Medical Physiology 24
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Tvorba moce — Tubularni procesy
Henleova klicka

1) tenkeé sestupné ramenko - pasivni resorpce vody osmozou

2) tlusté vzestupné raménko - aktivni resorpce iontu
(Na*/K*/2CI- symport), sekrece H*, resorpce HCO;

; Thin descending
ﬁ.&, loop of Henle

Thick ascending
loop of Henle

H,0 Na‘, CF, K¥,
Ca*, HCO,-, Mg+

Hypo-
osmotic

tzv. protiproudovy nasobicC

Vysledek: hypotonicka tekutina, objem dale snizen
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Tvorba moce — Tubularni procesy
Henleova klicka

1) tenkeé sestupné ramenko - pasivni resorpce vody osmozou

2) tlusté vzestupné raménko - aktivni resorpce iontu
(Na*/K*/2CI- symport), sekrece H*, resorpce HCO;

Renal Tubular
interstitial Tubular lumen
fluid cells (+8 mV)
- Paracellular Eﬂa:l'-Kg; -
diffusion g4
Na
<===n=- cl K+ N\ oC|
.
N
’I \\ l\__/l K ()
4 b
»
= —————— Ve ———— >

Loop diuretics

* Furosemide oKL,
- - o
+ Ethacrynic acid ¥

* Bumetanide ] o; n
z »
o



Tvorba moce — Tubularni procesy

Distalni tubulus

1) juxtaglomerularni aparat

2) aktivni resorpce solutt obdobna jako v tlustém raménku
Henleovy kliCky, rovnéz neprostupny pro mocovinu a vodu
— tzv. dilucni segment (,fedi” tubularni tekutinu)

Early distal tubule Renal

interstitial
fluid

Na*, CI, Ca™, Mg+

Na™
K+ @

Vysledek: hypotonicka tekutina

Tubular
lumen
(—10mV)

Tubular
cells

Na*
oM
Cl-

m%
%
Thiazide diuretics: X f;“



Tvorba moce — Tubularni procesy

Sbéraci kanalek (+ konec distalniho tubulu)

1) principialni bunky — resorpce Na* a vody (ADH), sekrece K*

Late distal tubule Renal Tubular
and collecting tubule interstitial Tubular lumen
Principal fluid cells (-850 mV)
::e[lls\
¥ K"‘ ----- +-

-
"y
Intercalated , HCO4 e CH
cells K

Aldosterone antagonists Na™ channel blockers
* Spironolactone * Amiloride
« Eplerenone + Triamterene
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Tvorba moce — Tubularni procesy

Sbéraci kanalek (+ konec distalniho tubulu)

1) principialni bunky — resorpce Na* a vody (ADH), sekrece K*
2) vmezerenée bunky — sekrece H*, resorpce HCO; a K*

C:\\_ Late distal tubule Renal Tubular
> and collecting tubule interstitial Tubular cells lumen
o . .
s@_/ Frincipal fluid
i // cells
f
b @ Wees o -
il = C L HCO3_ + H* H+
Hzt'.:ﬂl3
L// Carbonic
anhydrase
Intercalated . HCO4~ Hzo
cells D . . +
coz e o | e coz
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Tvorba moce — Tubularni procesy

Sbéraci kanalek — medularni cast

1) resorpce Na* a Cl, vody (ADH) i urey
2) sekrece H*, resorpce HCOg

Medullary
collecting duct
Y
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Funkcni vysetreni ledvin

: LCIearanceJ
= VySetreni funkce ledvinnych tubulu

a) Vysetreni koncentracni schopnosti ledvin

- Koncentracni pokus ziznénim
(velmi neprijemné; po 12 hod ziznéni odbér moci ve 4-hod
intervalech — hustota, osmolalita; i odbér krve)

- Adiuretinovy test
(Setrnéjsi k pacientovi; po vecCeri bez tekutin uz vySetfrovany
nepije, rano aplikace ADH pres nosni sliznici — hustota a
osmolalita moci)

a) Vysetreni zredovacich funkci

(test reakce na zvySeny piijem vody — u zdravého snizeni v
produkce ADH + zvySeni diurézy, mo€ sniZzenou osmolalitu) J@




Clearance

= objem plazmy, ktera je ledvinami od dané latky
ocCistena za Cas
Pomoci clearance lze kvantifikovat exkreCni schopnost ledvin,

rychlost prutoku ledvinami i zakladni funkce ledvin (GFR,
tubularni resorpce a sekrece).

V‘US
PS

CS'PS:V'US > CS:
[ml/min]

Cs — clearance latky S

Ps — koncentrace latky S v plazmé

V — rychlost tvorby moce

U — koncentrace latky S v moci

(V - Ug — rychlost exkrece latky S moci)
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Clearance
Stanoveni rychlosti prutoku plazmy ledvinami (RPF)

Clearance latky, ktera je v P TN
glomerulotubularnim aparatu
nefronu plné ocisténa z
plazmy.

/ Renal plasma flow
_ YpanxV

P PAH

PAH (paraaminohippurova kyselina)
ocistena z 90%

. ;—b Renal venous
5,85 x 1 mg/min _ PAH=
RPF = = 585 ml/min ! R
0,0l mg/ml Upay = 5.85 mg/ml

V=1 ml/min

Guyton & Hall. Textbook of Medical Physiology

juxtamedularni nefrony - vasa recta rovnez odstupuji z v.
efferens — nejsou v kontaktu s proximalnimi a distalnimi ARV
tubuly — absence exkrece vcetne PAH l@



Clearance
Stanoveni rychlosti prutoku plazmy ledvinami (RPF)

Clearance latky, ktera je v P TN
glomerulotubularnim aparatu
nefronu plné ocisténa z
plazmy. o
] renaipiasma o

_ YpanxV

PAH (paraaminohippurova kyselina)
ocistena z 90%

P PAH

. ;—b Renal venous
5,85 x 1 mg/min _ PAH=
RPF = = 585 ml/min ! R
0,0l mg/ml UPAH=5.85.mg.-*mI

Guyton & Hall. Textbook of Medical Physiology
Korekce na extrakcni pomér PAH (Ep,p):

Poay - V 585 ml/min
SN = e 0,9 —> RPF = = 650 ml/min 3,

Poan 0,9 NN




Clearance
Stanoveni rychlosti glomerularni filtrace (GFR)

Clearance latky, ktera je v Poan= 1 ol B
glomerulu pineé filtrovana

a neni v tubulech resorbovana Amount fitered = Amount excreted
anl secernovana. GFR X Pinun = Upuin X

U XV

GFR = inulin
Inulin — polysacharid, ktery neni Pinain
v téle vytvaren, nutno aplikovat SFR =12 mimn
l.v. (hachazi se v korenech \
nekterych rostlin)
Y
Kreatinin — produkt svalového o ” 126 MO

metabolismu, \' plazmé pFlbIlZné Guyton & Hall. Textbook of Medical Physiology
v konstantnim mnozstvi (neni
nutno aplikovat i.v.)

NejrozsirenejSi odhad GFR v klinické praxi!



Clearance

Stanoveni filtracni frakce (FF)

FF je frakce plazmy, ktera se profiltruje glomerularni membranou.

—= 4 GFR _ 125 mi/min _ 019 —> ~20% plazmy je v

RPF 650 ml/min glomerulu profiltrovano.

Vypocet tubularni resorpce/sekrece

A. GFR:-Pgs >V - Ug Rychlost fiItrve}c:e Iétkyj_e vetsi nez j,ejl’
exkrece mocCi = latka je resorbovana.

B. GFR-P;<V - Ug Rychlost fiItrva}ce Iétkyj_e mensi neirjejl'
exkrece mocCi = latka je secernovana.
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