Vylucovani a vodni
hospodarstyvl g

Dalsi z Ukol0 udrzovani vnitrniho prostredi:

e Koncentrace odpadnich a toxickych latek

e Metabolity i xenobiotika

e | uzitecne latky mohou skodit

e Koncentrace rozpusténych latek
—osmolalita

e Acidobazicka rovnovaha - pH

e Navzdory nerovnovaze s okolim

Informace Energie

1000 mOsm is
the approximate
osmotic pressure
of full-strength
seawater.

Blood osmotic pressure (mOsm)
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ient osmotic pressure (mOsm)




Zivé organismy obsahuji vodni roztoky uzaviené v burikach
(intracelularni) a roztoky extracelularni oddelene od okoli epitely
teélesneho povrchu. Objem bunék, a tak i koncentrace latek museji byt
udrzovany v uzkych limitech.

Probléemem je, ze spravne koncentrace uvnitr téla se mohou lisit od
koncentraci vnejsich.

Zivocichové se snazi zmensit propustnost svych povrchd a mit toky
pod kontrolou. | tak ale musi vynakladat energii na kompenzaci

proniklych latek.

Problem je zcela opacny, jedna-li se o sous nebo sladkou vodu.



Hospodareni se solemi a vodou u vodnich zivocichd.

Sladkovodni, hyperosmoticti
zivocichove (a) museji kompenzovat
unik iontU do okoli a naopak Dituze 2doram
pronikani vody do téla. Soli jsou
aktivné importovany epitelem zaber.
Voda odchazi s moci.

Aktivni transport
zabrami

Morsti, hypoosmoticti zivocichove et
(b) naopak ziskavaji vodu pitim a soli
vylucuji zabrami a moci. Nékteré

paryby (c) jsou diky vysokeé st icucpo
koncentraci mocoviny izoosmotické.




lonoregulace predchazi osmoregulaci.

V extracelularni tekutiné
vetsiny dominuje Na a Cl.
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podobne jako je v morske
vode.

U osmokonformnich
ionoregulatord — meékkysi,
zraloci — je velke mnozstvi
anorganickych iontd
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Morskeé ryby jsou
hypotonicke — jako clovek.




Morsti obratlovci musi soli Cerpat ven

NaCl sekrece pres zabra morské P _ o
’ . ’ wMe ; —  duct
kostnaté ryby — tzv. chloridoveé w /- solution

bunky.

Stejny model se uplatni jako
pridavna sekrece NaCl u zlaz
morskych ptaku a zelv.

O Na -K*-ATPase
@ Na=K-2Cl cotransporter

( ‘) Cl” channel or K* channel

——> Transport against electrochemical gradient
3 Transport in direction of electrochemical gradient

Solna Slaza buitiaka Hill, Wyse, Anderson. Animal Physiology



Ve sladke vode je naopak treba soli cerpat dovnitr

Aktivni Na* a Cl- transport v
epitelu zaber.

CO; (from metabolism)
+
H,0O (from body water)

!

H,CO,

Bicarbonate ions (HCO37) and
protons (H*) are exchanged
. for CI"and Na®, respectively,
7 + - ~ ’ !
Gill HUEERE e by the active-transport mech-
epithelial cell —L anisms, which require ATP.

Hill, Wyse, Anderson. Animal Physiology



Ve sladke vode je take treba tvorit naredénou moc
Jak prochazi moc tubulem, jeji koncentrace klesa

Crayfish

Mollusc Crayfish (crustacean)
Nephridial

y Nephridiopore
Ventricle 'Kidney' P U
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walls
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Suchozemska prostredi

Nejvetsi vyhodou je snadny pristup ke kysliku. Ohrozujici zivot je ale
dehydratace. SkuteCné masivni Uspésna invaze na sous se podarila jen
dvéma taxonUm: clenovcUm a obratlovcOm, kteri dokazou zit i na
nejsussich a nejteplejsich biotopech planety.

Jsou ovsem i mékkysi, kterym se na suchu dari a nékteri dokonce ziji i
na poustich. Jejich adaptace je spise behavioralni.




Dusikaty odpad

Mimo vody a soli je nutno hlidat koncentrace koncovych a vedlejsich
produktd metabolismu.

Na rozdil od sacharidu nebo lipidU, ktere jsou metabolizovany az na
CO2, bilkoviny a nukleove kyseliny produkuji toxicke metabolity
dusiku.

NH,
Ammonia

Uric acid



Dusikaty odpad

Amoniak prerusuje nervovy prenos tim, ze nahrazuje draslik, take
meéni lipidovy metabolismus, narusuje regulaci volnych radikald.

Je ale velmi dobre rozpustny a dobre prochazi membranami a vodni
druhy zvirat jej vylucCuji povrchem téla nebo zabrami prostou difuzi
(Amonotelni). Na kazdy gram amoniaku je potreba 40oml vody.
H/N pomeér je 3/1, u mocoviny 2/1 a K. mocCove 1/1.

O
Molekuly ti nejbéméjsich dusikatych ex- H, Nyt N,

kre¢nich produktii - amoniaku, mocoviny Ammonia Urea
a kyseliny mocéové. Nizky, pomér H:N pro
kyselinu modovou znamena, Z¢ na jeji syn

tézu bylo spotfebovano méné vody nez u

Uric acid



Dusikaty odpad

Terestricti zivocichove maji omezeny pristup k vode. Amoniak je
premeéenén na mene toxickou mocovinu za spotreby ATP. Je dobre
rozpustna a odchazi s moci - ureotelni. Objevila se ale v evoluci
relativné pozdé, u savcU. Prevazujici drahou syntézy je ornithinovy
CYklUS. Modovina

Ornithinovy cyklus — el Aminokyseliny
syntéza mocoviny - Arginin Ornitin HCO; v krvi
2,5 ATP/N [NHQ-CH-NH-R] [NH,-R] /

N}H\ NH:+CO,
V jatrech, modovina NH,  [NHLGNIA]

3

o ey - [
putuje krvi do ledvin o

2NH? + CO, + 4ATP —» CO(NH,), + 2H* + H,O + 4ADP + 4Pi



Problem s amoniakem

Cast cyklu probiha v mitochondriich, ¢ast v cytoplasmé (dalsi ATP).

Mitochondria Cytoplasm

Glutamine
G

\ lutaminase
\ 2k Aspartate

Glutamate AMP

Glutamate dehydrogenase g ,
Argininosuccinate

L synthetase
4 2-Oxoglutarate T I
NH, Citrulline Citrulline
— 2SATP
: Ornithine Argininosuccinate
— HCO,~ transcarbamylase 2 5
v

Carbamoyl phosphate Ornithine Ornithine Argininosuccinate
lyase

Urea

27 ATP Fumarate

HCO;? Arginase Arginine

CPS 1

Glutamine

Figure 10.18 Ornithine-urea cycle Amino nitrogen in the form of either glutamine or
NH," is used to produce carbamoyl phosphate, which enters the ornithine-urea cycle.

Moyes, Schulte. Principles of Animal Physiology




Problem s amoniakem

orep Energeticky mirné ekonomictéjsi je

2 Glutamine (2N)

Givine (0 produkce kyseliny mocové. —1,75 ATP/N

T enoymes Aspartate (N)
5 ATP

v Mnoho clenovcU vcetné hmyzu, plazU

)
<GTRC SATPC

m/ "~ a ptaku konvertuje amoniak na kyselinu
mocovou nebo jine derivaty purinu. Ty jsou

AMP GMP . 7 ’
\ / velmi nerozpustne a mohou byt
sl S vylucovany ve vysokych koncentracich
Ve s minimalnimi ztratami vody ve formeé
huste pasty - purinotelni, urikotelni.

Uric acid ————————p

l Excretion
Allantoin ———————————p

l Excretion
Allantoic acid ———p

l Excretion
e ——

Figure 10.17 Uric acid metabolism A complex
reaction network uses high-energy phosphate compounds to
use amino acids as substrates to produce various nucleotides,
and then break those nucleotides down for excretion. This
pathway is also an important route of nitrogenous waste
production. Amino acid nitrogen is transferred to uric acid,
which, depending on the animal, may be excreted or further
metabolized to produce other nitrogenous wastes. PRPP:
5-phosphoribosyl-1-pyrophosphate.



//upload.wikimedia.org/wikipedia/commons/9/9b/Harns%C3%A4ure_Ketoform.svg

Problem s amoniakem

2 Glutamine (2N)

Je to starsi draha pouzivana konvergentni
Naparat (8 evoluci jak obratlovci tak bezobratlymi.

SATP ~ v o Vv v 7 . -7
P VR Rada zvirat mUze prepinat mezi amonotelii

7 enzymes

GMP

e @ o urikotelii podle podminek okoli (napr.
e obojzivelny apple snail (rod ampularka).
4 enzymes\\A / 3 enzymes
Xanthine
l Excretion

Uric acid ———p

l Excretion
Allantoin ———————————p

l Excretion
Allantoic acid ———p

l Excretion
Urcg ——m—m—mm—————p

Figure 10.17 Uric acid metabolism A complex
reaction network uses high-energy phosphate compounds to
use amino acids as substrates to produce various nucleotides,
and then break those nucleotides down for excretion. This
pathway is also an important route of nitrogenous waste
production. Amino acid nitrogen is transferred to uric acid,
which, depending on the animal, may be excreted or further
metabolized to produce other nitrogenous wastes. PRPP:
5-phosphoribosyl-1-pyrophosphate.



//upload.wikimedia.org/wikipedia/commons/9/9b/Harns%C3%A4ure_Ketoform.svg

Problem s amoniakem

Energeticky to neni zadarmo:

2 Glutamine (2N)
Glycine (N)
Aspartate (N)

7 enzymes
5 ATP

P U mouchy tse tse, Glossina palpalis, ktera
2 enzymes ‘( 2 enzymes Se éiVII Vthad né na blllkOViny bOhatOU krV|’,

r o z kazdych 100mg p,otravy_mu5| 4zmg |
\ / padnout na pokryti energie nutne k exkreci
4 enzymes ) 3 enzymes dUSI,kU.
l Excretion
Uric acid ———p

anthine

l Excretion
Allantoin ———————————p

l Excretion
Allantoic acid ———p

l Excretion
Uroa —————

Figure 10.17 Uric acid metabolism A complex
reaction network uses high-energy phosphate compounds to
use amino acids as substrates to produce various nucleotides,
and then break those nucleotides down for excretion. This
pathway is also an important route of nitrogenous waste
production. Amino acid nitrogen is transferred to uric acid,
which, depending on the animal, may be excreted or further
metabolized to produce other nitrogenous wastes. PRPP:
5-phosphoribosyl-1-pyrophosphate.
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Stavba exkrecnich organu:

» Epitelialni povrchy téla (zabra, papily)
» Tubularni organy

|

J ]

Coelom

Capillary
network

Components of
a metanephridium

Internal opening
Collecting tubule
Bladder

External opening




Tubularni organy: Tvorba a uprava primarniho filtratu.

1. Tvorba: a)Vireni bicikd/brv
b) Ultrafiltrace pod tlakem nebo
c) Osmoticky tok

Glomerular Afferent arteriole

(Bowman's)
Protein
- rl
- 5 - . a
e — J o NS
% . . A . - A > S
Flame cell

? S & - - -
- Mi Malpighian Hi
Nucleus ——__£ ’ . e ¢ . idgut pig indgut

tubules
Slitlike —///ﬁ \\ /

‘4

(a) Malpighian tubules produce an isotonic pre-urine.

openings,'/

[

i

\ i Effere
arteri

From hemolymph
(—)—\

Malpighian tubules Nitrogenous Electrolytes Water
waste

Pre-urine —«— Pre-urine —

Final urine

. _
Digested food and feces

Midgut Hindgut |
© 2011 Pearson Education, Inc.



Tubularni organy: Tvorba a Uprava primarniho filtratu.

2.Uprava:  a) zpétna Re(ab)sorbce,
b) sekrece (exkrece)

B. Tubular transport

Filtration

Krevni céva

Active
reabsorption

Passive
reabsorption

Active
transcellular
secretion

Aktivni sekrece S Passi
(exkrece) assive
cellular
secretion

Active

Tubulus




Protonefridie.
Protonefridie jsou slepé koncici bunky — solenocyty (jediny bicik)
nebo plamenkove bunky (svazek cilii do nitra kanalku) nasavajici do
kanalku filtrat z (pseudo)coelomove dutiny. Nejlépe vyvinuta u
sladkovodnich druhy, ktere se museji zbavovat vody.
Vétsinou nemaji zadnou ulohu v exkreci amoniaku, protoze u téchto
druht jde pres télni sténu. Plosténci, hlisti, pasnice, virnici

Annelid Platyhelminth

Filtration —»
Filtration =~ primary urine
l 5 _Modification -—»
Coelom —> Kidney Ry secondary urine
duct

L Coelom, pseudocoel,

blastocoel, interstitium




Protonefridie.
Protonefridie jsou slepé koncici bunky — solenocyty (jediny bicik)
nebo plamenkove bunky (svazek cilii do nitra kanalku) nasavajici do
kanalku filtrat z (pseudo)coelomove dutiny. Nejlépe vyvinuta u

sladkovodnich druhy, ktere se museji zbavovat vody.
Vétsinou nemaji zadnou ulohu v exkreci amoniaku, protoze u téchto
druht jde pres télni sténu. Plosténci, hlisti, pasnice, virnici

Flame
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' ' tubule
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Metanefridie

Jsou odvozenéjsim typem u
zivocCichU s oddélenou cévni a
coelomovou tekutinou a jejich
lumen se otevira do coelomového
prostoru. Nejjednodussi podobou
vstupu je obrveny kanalek
(krouzkovci). Jsou typicky vazany
na existenci cevni sité a tlaku krve
tvorici ultrafiltraci primarni filtrat.

U hmyzu vsak neni célom
zachovan a exkreci zajistuji
malpigicke trubice.

Antenalni
Perikard

a) Krouzkovci b) Korysi (rak) c) Mékkysi

Bowmanuv
vacek

Malpigické
trubice

d) Hmyz e) Obratlovci




Figure 40.3 Metanephridia in Earthworms

Capillaries, Bladder Coelomic cavity

Metanephridium _

Collecting Nephridiopore
tubules

Nephrostome
PRINCIPLES OF LIFE, Figure 40.3

© 2012 Sinauer Associates, Inc.



Metanefridie

'‘Metanephridia' or 'coelomoduct’

Mallusc Crustacean

Oddélena A
ood _
krev a vessel ] /
'Antennal

celomova y __ L gland'

tekutina Bo?ﬂ";:g;: S .- Pericardium

Heart

Nephron ' Haemolymph

sinus

@B Podocytes

Filtration —
. Blood vessel

primary urine

Filtration

2"l Coelom

™™
wy, Puct

Blood — Coelom —» Kidney
duct

Moaodification —
secondary urine
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Metanefridie

Bunky fenestrovaneho ,deraveho" endotelu cév nechavaji mezi
sebou filtracni stérbiny, kterymi ultrafiltraci prochazi primarni
filtrat. Plazmaticke bilkoviny nebo krvinky ale neprojdou.

| Blood

Plasma-
|_protein

1 Endothelium

— | Basal
— | membrane

__Drug

Glomerular

filtration { Epithelium

1 _Primary urine

Lullmann, Mohr, Hein. Colour atlas of Pharmacology.



Metanefridie

Secondary

process Filtration

Podocyty — bunky epitelu (pedicel)
kapilar ledvin nechavajici
mezi sebou filtracni

§térbiny, kter)'/mi Podocyte
. ’ I, ¢ , cell body
ultrafiltraci prochazi
primarni filtrat. Primary
process

Pedicel —

Glomerular
basement
membrane

Slit diaphragm
proteins

Capillary
lumen




Paracelularni transport — uréen ,déravosti” epitelu.
Transcelularni transport — urCen propustnosti membrany (kanaly, transportéry)

Epitelové
bunky

Prenaseny
substrat

Transcelularnl
transport

Paracelulérnl
transport

iy
O §
o E°




Ledvinny glomerulus savcu je odvozen od metanefridii

Basement membrane

membrane
of capillary Parietal epithelium

Bowman’s
capsule

Endothelium /isceral epithelium
: .

Plazma je v ST .
glomerularnich =1y . .
kapilarach filtrovana do |&=a & - — N
Bowmanova prostoru a kv, (@7 il S
ultrafiltrat pokracuje do SOINLG) L i |
proximalniho tubulu.

Fenestrovany endotel
zajisti, ze ultrafiltrat 3 =4 Yl
neobsahuje krvinky a  EARNE = SEAECRE . e
plasmatické proteiny. £ (B ; L/

Mulroney, Myers. Netter’s Essential Physiology



Tubularni organy: Tvorba a uprava primarniho filtratu.

Proximalni Cast - nejprve velke izoosmoticke objemy (180l ultrafiltratu
denne)

4

Distalni cast - male presouvane objemy, ale velke zmeny koncentrace

Proximal tubule, may be
resorption/secretion

of some solutes

Collecting Distal tubul I
— istal tubule, overa

| non-isosmotic
resorption or secretion
I
External
medium

Storage
bladder |

. |Range of

7’
’ . -
Major changes in | :
C osmotic concentration’ No . |urine .
v of urine further | |concentration
N

~

~
~

* Minor changes in
osmotic concentration
(f Major ionic changes)

Concentration

Distance —




Tubularni organy: Tvorba a uprava primarniho filtratu.

Neni presouvani tak velkych objemuU tam a zpét zbytecné? Ne, je
jednodussi totiz transportovat zpet zname latky nez vsechny nezname
ven.

Proximal tubule, may be
resorption/secretion

) of some solutes
Collecting Distal wibul i
area istal tubule, overa

| non-isosmotic

resorption or secretion
|

External
medium

Storage
bladder |

g |
‘Major changes in | Range of
C osmotic concentration’ No . |urine .
v of urine further | |concentration
5

~
~

* Minor changes in
osmotic concentration
(f Major ionic changes)

Concentration

Distance —




Ukoly savéich ledvin: nejen vyluéovani a fizeni homeostazy,
take endokrinni a metabolicke funkce.

— A. Functions of the kidneys

1. Excretion 3. Hormone synthesis

Water

Salts

Metabolic

wastes

Foreign V—H >
substances

Erythropoietin
Calcitriol

4. Metabolism

; Glucose —» Blood
2. Homeostasis

Acid-base balance Gluconeo-
Electrolyte balance _ genesis

Podle: Koolman, Color Atlas of Biochemistry, 2nd edition © 2005 Thieme



A. Anterior surface of right kidney

Superior extremity —

Fibrous capsule

Anatomie: Foros o
KUra a dren. - { e ;;1%:;;:;;;(
Ptivod odvod krve. I &
Odvod modi.

Ureter

Inferior extremity

B. Right kidney sectioned in several planes, exposing g
parenchyma and renal sinus AW N ~——— Fibrous capsule
Cortex — :
_— Minor calyces

__— Blood vessels
entering renal
parenchyma

——— Renal sinus
———— Major calyces
——— Renal pelvis
——— Fat in renal sinus
Minor calyces

Ureter

Mulroney, Myers. Netter’s Essential Physiology



Anatomie:
KUra a dren.

Kanalek
doprovazeny
cévami hluboko
zasahujici do

drene.

Proximalni
tubulus,
Henleova klicka,
distalni tubulus,
sbérny kanalek.

(6) Detail of nephrons and blood supply

Proximal convoluted tubule—__

Bowman's capsule—____

s
Distal convoluted tubule =

Thick segment of descending —— —W
limb of loop of Henle

Thick segment of ascending ———7

limb of loop of Henle

juxtamedullary
capsule and

long loop

/Nophmn with S

Collecting duct ~T

Architektura savcich ledvin: tvorba hypertonicke moci

Nephron with outer
corlical capsule and

/ short loop

7 Cortex

Thin segment

Quter zone
of medulla

Medulla

li /2

Collecting duct ————

—3t

Collecting duct
discharges o

pelvis

fl :‘/'\/'.'\:\l recla

—Thin segment of

loop of Henle

\

Inner zone
of medulla

[

Hill, Wyse, Anderson. Animal Physiology |



Architektura savcich ledvin: tvorba hypertonicke moci

Proximalni Privodna
tubulus ceva

=G . -
A — ey Y
= FT

< e P e

Sberny
kanalek

=

7 e

T e ——
B - .

Spojky mezi
ramenky vasa recta

Obr. 14.14: Architektura diené ledvin. Cévy a kanalky jsou vedeny paralelné do
hloubky dfené. Tim je umoznéna protiprouda vymeéna vody a rozpustenych latek
uz mezi privodnymi a odvodnymi cestami a je tak oddélena hyperosmoticka dren
od klry. Vasa recta tvofi celou pleten kolem tubulu (nezakresleno) s fadou
spojek. Jejich vazomotorikou je regulovano prokrveni a tedy osmolalita drené.



B. Water reabsorption and excretion

gt
/ GFR\
100%
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Tubularni organy: Tvorba a uprava primarniho filtratu.

Bowmanovo
pouzdro

Glomerulus
f" Metabolity,
A0 cizorodé latky
7 o \’

s f
Distalni o ’
tubulus
Proximalni
tubulus

|

[ Na* H,O, CI- Ca* Mogovina

Tlusty segment o
vzestupného raménka ﬂ= Pasivni transport
Henleovy Klicky ‘
Vasa recta

Sbérny I: Aktivni transport

kanalek

Tenkeé sestupné S =Glc, AK, Org.l.

raménko Henleovy
klicky

Obr. 14.7: Schéma stavby nefronu a transportnich déju pfi tvorbé moci. Primarni
filtrat je cestou tubulem upravovan sekreci a resorpci. V proximalnim tubulu se
spolu s Na+ resorbuji organické latky, vétSina vody a iontu. Tlusty segment
Henleovy klicky exportuje NaCl bez doprovodu vody a generuje vysokou
osmolalitu dfené. V distalnim tubulu se doladuje iontové slozeni moci. Ve
sbérném kanalku se odchodem vody do drené tvorfi hyperosmoticka moc.



Proximalni tubulus.

Ukol: vratit co nejvétsi objem
vody s uzitecnymi latkami. S = Glo, AK. Org.|
Osmolalita se nemeni.

Z dutiny proximalniho tubulu
jsou organicke latky Proximalni
transportovany do bunek
epitelu sekundarnim aktivnim
kotransportem energii Na+
gradientu. Do intersticia
projdou usnadnénou difuzi.
Kromeé toho: Na+ ionty
nasleduje paracelularné voda,
strhavajici s sebou dalsi latky.
(Kolo s vyztuzi = aktivni
transport).

-
_|
2
ag|
-
r_
Z
L
=
-
_|

INTERSTICIUM



Proximalni lus.
O C tubulus B. Reabsorption of organic substances

’ i vV Lumen Cell Blood
Ukol: vratit co nejvetsi objem : 00

vody s uzitecnymi latkami.
Osmolalita se nemeni.

Z dutiny proximalniho tubulu
jsou organicke latky
transportovany do bunek
epitelu sekundarnim aktivnim
kotransportem energii Na+
gradientu. Do intersticia
projdou usnadnénou difuzi.

Brush border Basélatel'al
membrane membrane

Glucose,

amino acids
(several systems),
phosphate,

7 lactate, B Passive
sulfate, carrier transport

Silbernagl, Despopoulos. Atlas fyziologie clovéka dicarboxylates

Luminal
Na* symport




Proximalni tubulus.

C. Reabsorption of oligopeptides

UzitecCné peptidy

se resorbuji Dipeptides _ _ _

, ’ . ; D. Reabsorption of proteins by endocytosis
se kU nda fNiM Oligopeptces Atlt;]umin atnd

other proteins

aktivnim
t rans p O rte m _ Extra_zellular Ee‘acc;cﬁitr?g:
n e bo peptidases / _)
endocytozou. D

ad /

Reabsorbed as

free amino acids

Intracellular
peptidases

Cell

a = Na®symport carrier

b ' H* symport carrier

—|  Endosome

Primary ===
lysosome [

lysosome [

Proximal tubule cell

Blood




Tlusty segment Henleovy klicky

Ukol: vytvorit
hypertonickou dren.

V tlustem segmentu
Henleovy klicky se do
intersticia drené
precerpavaji Na+ a Cl-.
(Kolo s vyztuzi = aktivni
transport).

Lumen sticium




Dva druhy glomeruld podle potreby Setrit vodou.

Proximal convolution

Y Elag lomerul
Juxtamedullary v glomerulus
glomerulus

U Clovéka pripada sedm — sl

kortikalnich nefrond na jeden '
juxtamedularni. Prevaha
juxtamedularnich nefrond je
u zivocichU, ktefi ziji

v poustnich a suchych |
oblastech a musi dobfe 9

hospodarit s vodou.

2.5 million
2.1 million

0.4 million
Urine flow rate

Mulroney, Myers. Netter’s Essential Physiology



wveen.
ing morphological comy s of three
idents of roughly similar body size is seen in Figure 28.10.
species, the Mongolian gerbil and sand rat, evolved in
1 have far more-prominent renal papillae (singular papilla)

(@) Laboratory rat (

Figure 28.10 Kidney structure visualized by injection of the
microvasculature (a-c) Midsagittal sections of the kidneys of
three species of rodents of similar adult body size, in which the
microscopic blood vessels of the kidneys have been injected with
rubber for visualization. (d) A drawing of a sand rat kidney showing
a nephron with a long loop of Henle. (Photographs in a-c courtesy
of Lise Bankir [see Bankir and de Rouffignac 1985]; d after Kaissling
etal. 1975)

(b) Mongolian gerbil (

The sand rat has a renal
medulla of unique structure
and is noted for being able
to produce large volumes

of highly concentrated urine.

Hill, Wyse, Anderson, Animal Physiology




Jak oddélit hypertonickou dren od kiry? Protiproudy multiplikacni
system

> S

=¥ 80° 70°

Wy BRI A

®0 300 w0 50 & 60° 50° 40° 30° 20 -

L —=]
50° —» gp° 70° 60° 50° ape —Pe

Obr. 14.9: Srovnani stejnosmérné a protiproudé vymeény na prikladé teplot.
Zatimco pfi stejnosmérné gradient klesa, az se vysledna teplota ustali na
prameéru, pfi protiproudé vymeéneé je gradient po celé délce konstantni a vyména
tepla je ucinnéjsi.



Jak oddélit hypertonickou dren od kury? Protiproudy multiplikacni
system

A. Countercurrent systems

jm—
—> ROS <+ —»00 A/~ 100 —>
= B am
20"30*
Jomem
/__/d Exchange of heat L\ 50° 160°

L~ T

Gr—

-

<+ 50 50° —p

1 Simple exchange system 2 Countercurrent exchange

mosm/kgH;0

3 Countercurrent exchange (heat) 4 Countercurrent exchange (water)
inloop inloop (e.g. vasa recta)

Silbernagl, Despopoulos. Atlas fyziologie ¢lovéka.




Multiplikacni system tvori hypertonickou dren - tubulus.

Aktivni protiprouda
multiplikace v Henleové klicce
(HK).V tlustem segmentu HK
jsou Cerpany do drené ionty
Na+ a Cl-. Pumpy zvladnou
200 mosm. Pro vodu je vsak Tlusty segment Tenky segment
epitel nepropustny. Voda
prichazejici tenkym
segmentem je zkratkami
strhavana do intersticia a
osmolalita roste s tim vic, ¢im
je klicka delsi. Dren ledvin je
proto hyperosmoticka.

[mosm/kg H,O]




Multiplikacni system tvori hypertonickou dren - ceva.

(6) Detail of nephrons and blood supply

Protiprouda vymena vody ve vasa 5
v Vv . . 7 ’ ’ Nephron with  §
recta. Dren ledvin je zasobena krvi 3/11" .,
Proximal conveluted tubule— \

capsule and i J
4 Artery

cévou vasa recta. Voda roximal convolute
prichazejici s krvi nepronika az do Bowmanscapale— I[ :
drené a nesnizuje jeji osmolality, Eeiubli el — = Vg |
protoZe unika zkratkami z i oo el il AN

V7 ’ ’ Thick segment of descending ——
prIVOd nEhO do OdVOd nEhO limb of loop of Henle

Thick segment of ascending —

I
ramenka. T

Regulaci prokrvenilze regulovat i e ERTEE N
. \ v s 3 | > Vasa recta
osmotickou savost drené atim i L(,,mo.dm__% | ,/

—y—— Thin segm
loop of He

mnozstvi moce.

Collecting duct
discharges to
pelvis




Multiplikacni system tvori hypertonickou dren - ceva.

Protiprouda vymeéna vody ve vasa
recta. Dren ledvin je zasobena krvi
cevou vasa recta. Voda
prichazejici s krvi nepronika az do
drené a nesnizuje jeji osmolality,
protoze unika zkratkami z
privodného do odvodného
ramenka.

Regulaci prokrveni lze regulovat i (mosmikg .0
osmotickou savost drene a tim i
mnozstvi moce.




Multiplikacni system tvori hypertonickou dren — tubulus a
céva spolecne.

B: Counter-current Multiplier

A: Vasa Recta With Passiv
In The Loop Of Henle

Counter-current Exchange:

High bloodflow 300 mOsmol * | 100 mOsmol *|

BLOOD Solutes 325/’—* 300+ 300+ r-lag.::’. 100

= ~ 400 \NaCl —
300 R . 400« 400 « Ha—uﬁ—f—QOO
£ _ S

™ H0
600~ 600Gy 40p Thick
- o Ascending

600 . 625
75 o— ~ 800« 800 .M‘_L_FOO Limb

~

Water shunts ™ 800 o
= 1000 1000«—————=800

H:O __---“——. —
HO
1“0&—1"00&1304—»—' 1000 :

—

1300 ~ 1300
Renal medulla 3 1300 2
1300 mOsmol * | 1300 mOsmol * |
1300 1300

(1300- 100) '_UIJ moOsmaol * !

ADH is present




Ledviny a acidobazicka rovnovaha

Spolu s plicemi tvori otevreny
system requlujici pH (7,4).

Vykyvy pH ohrozuji
membranovou propustnost,
distribuci elektrolyto.

CO,/HCO, systém
CO, + H,0 & HCO; + HY

Ledviny reguluji vydej HCO,, H* a

NH,- iontu.

N\
/ N
/' Dietary intake
[ and metabolism
|

\
‘y‘
!

/\1\

OH + (o,

.
\\

Non-bicarbonate
buffers
Henderson Hasselbalch equation

Hem‘oglobln [ 03]
p?gtsérir:\as, s ]_ PH \ pK,+log S¥—— [CO,]

phosphates,

etc.
' 2HCOF + 2NH4 <= Urea, etc.

T Respiration \,‘

s,



Ledviny a acidobazicka rovnovaha

Pri acidoze nastupuje renalni kompenzace. Ledviny exkretuji
vetsi mnozstvi H* (a NH,*) a vice HCO4 se vrati z filtratu do
krve. To umozni vetsi titraci kyselin a vétsi vydej CO, plicemi.

CO, + H,0 < HCO, + H*

“Acid Load” o Volatile acid
H,O + CO,

Acid Nonvolatile
intake ™ > acid (HA) + NaHCO;

L 1

The kidneys generate new HCO;~ to replenish
HCO; lost during titration of acid load

Mulroney, Myers. Netter’s Essential Physiology



Ledviny a acidobazicka rovnovaha

Acidoza a alkaloza: e
Metabolické a

dychaci priciny. —
Ledviny a plice
reguluji hladiny CO, e
a HCO3 Acidosis

Metabolic

Adds acid:
Diabetes ¥ \
Uremia -

Ledviny: vraceji do i & —1
krve HCO S

(acidoza) nebo jej
~1 it 4 l\jic}lﬁici:tion X_-coz
vylucuji (alkaloza) W =

VyluéUJI' H+(aCidéza) Brain disorders

Alkalosis Metabolic
Adds base: Alkalosis

Alkali \
ingestion \/ co :
- 2
Loses acid: HC();
Diuretics A ——

Vomiting = . . .
Gastrie siichon Mulroney, Myers. Netter’s Essential Physiolog




Ledviny a acidobazicka rovnovaha

Lumen

V proximalnim tubulu exkrece H* -
. ATPase
a antiport H* a Na*.

Priacidoze: se vic HCO, vrati z

filtratu do krve.

Vv v ) H,0 -

, e -
Na et R R Jl .
"~ |

CAVM ¥y )
— Voo
CO,) ———=—> (O +OH

= \/ © @

H,0 - CA

D = \' 7 v/ . 4
) S A vice H+ se vyloudi do filtratu.
5 Proximal %

l’L\lbLI/e cells

- .A.

Lumen




Regulace tvorby moci .

a) Rizenirenalni hemodynamiky — hormonalné a nervové
-Vazomotorika privodnych a odvodnych cev glomerulu urcuje,
kolik filtratu vznikne.

- Prokrveni drené urcuje jeji osmotickou stratifikaci a tim i savost
pro vodu unikajici ze sberneho kanalku.

b) Rizeni tubularnich procesd - zejména hormonalné: ADH
(Vasopresin), Aldosteron
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Regulace tvorby moci .

A: Vasa Recta With Passiv B: Counter-current Multiplier
Counter-current Exchange: In The Loop Of Henle

High bloodflow 300 mOsmol *| 100 mOsmol * |
Solutes — anna NaCl s -
Solute 325 300«— 300+ IHLL',—I;—MO

400 \NaCl —
> . 400e— 400 « [‘la—bl{—}—QOO

™ Hi0 ~
| — 600 SRR ck

600«

T

Ascending

600 628
= 800« 800 ﬂﬂ,_;_roo Limb

Water shunts ™ 800 o
H.0 1000 1000——— :‘;, 800
SR — HO—

1200e——1200-MCC Y 400 '}

1300
1300

1300 mOsmol * |
1300 1300

Renal medulla
1300 mOsmol * |

(I:B'I'II‘J- IIJ']'I 200 mOsmaol * I!
5
ADH is present )

ht DO /[1o. 1TTUTH.CZ/dULTCI/ L4 51/ [dTUZULIUJDIV/QULJUTTIJTY ZTUTOUIC/CTTUY SU



../../PRAKTIKA/Demonstrace z fyziologie/ch09.html

Regulace tvorby moci .

Systém renin-angiotenzin-aldosteron
A A

onganem

= = = Stumulagni
signal

= = = [NAibIZNI signal

Tubularni reabsorpoe
Plicmi a renalm Ma* Cl- a exkrece K+ —pe FEakoE

endobel:
ACE Retence H,O —p Aktivni transport
(]

'y
Gir [l = = = Fasivnl tAansport
: Ko '@
E)‘l nadledviny .

@®

e
Angiotenzinogen Angotenzin 1 Angotenzin Il === ==== Ir‘

&
. ® Retence vody a soli.
Pokles rendlni Renin Stoupa celkovy objem
perfuze [JUI[E-_@_* kirve a také pritok
glomerularni R @ Vazokonstrikce 'ﬂrﬂm[Erumrﬁlﬂ'l
aparat) * arteriol: aparatem.
Vzestup TK

. Artenola

Sekrece
aldosteranu

L & ——sSeokrece ADH
Meurchypofyza :
@,
L

Sheraci kanalek:

Absorpce H,0

f'
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Hormonalni regulace tvorby moci - ADH

(a) Antidiuresis: kidney producing concentrated urine (b) Diuresis: kidney producing dilute urine

300 g 300 300

e - A

400 400 During chronic diuresis 400 400
(rather than the acute
diuresis shown here),
the end-to-end gradient
of osmotic pressure in
600 600 the loops of Henle 600 600
and interstitial fluid
700 700 700 becomes smaller. 700 700

500 500 500 500

800 800 800 800 800

900 700 900 900 \Collccting duct 900 900

1000\ 1000 800 1000 1000 1000 1000

| =

Discharge of
fluid from
collecting duct
to renal pelvis

In the kidney producing concentrated urine, the epithelial
wall of the collecting ducts is freely permeable to water.
Thus the tubular fluid comes to osmotic equilibrium with tubular fluid is osmotically isolated from the medullary

the gradient of increasing concentration in the medullary interstitial fluid and becomes ever-more dilute as NaCl is
interstitial fluid. reabsorbed along the length of the collecting ducts.

In the kidney producing dilute urine, the epithelial wall of
the collecting ducts is poorly permeable to water. Thus the

Koncentrace moci roste,
protoze voda unika, objem
moci klesa

Koncentrace moci klesa, protoze voda
nemuze ven, velky objem Fidké moci

ABojoisAyd [ewiuy "uosiapuy ‘asAM ‘||IH




Hospodareni solemi a vodou

Hormony snizujici
diurézu pri nedostatku
vody:

G protein ATP

ADH (Vasopressin) —

vklada aquaporiny do o

membrany sberného
kanalku

Nucleus

(a) Vasopressin

Aldosteron — fidi
syntézu a vlozeni
transportéru

Na+ do membrany
tubulu

@— Aldosterone

2~ —® y
%
©
® T8 cr

7

Vasopressin binds
G-protein-linked receptor.

Receptor activates adenylate
cyclase, increasing cAMP
and activating protein kinase A.

—

N;\:&\\_ER

Phosphorylation of cytoskeletal
and vesicle proteins occurs.

This triggers translocation of
vesicle to the cell membrane,
with insertion of aguaporins.

Aldosterone enters the cell
by diffusion.

It binds to its receptor, a
transcription factor.

3

Activated transcription factor
stimulates transcription of
genes for transporters.

New transporter proteins are
made in the ER and exported
in vesicles.

Nucleus |

Vesicles containing proteins
are sent to the plasma
membrane.




Juxtamedularni aparat a reqgulace tvorby moci.

Distal  Nephron of kidney

Aldosterone acts at
the late distal tubule
and early collecting
\ duct to increase
reabsorption of Na*,

Juxtaglomerularni bb.
monitoruji NaCl v
distalnim tubulu a Bent (|
reguluji tvorbu modi.

Renin —angiotensin -
aldosteron

Macula

Juxtaglomerular cells

Ridi osmolalitu, reguluji S
objem a tak krve.

NSinogen —————p= Angiotensin [ ——= Angiotensin Il —= Aldosterone

/Fd Ny

dates  Promotes Stimulates | Na'
asopressin reabsorption




Hormonalni regulace tvorby moci .

a) Rizeni renalni hemodynamiky — hormonalné a nervové

Demonstracni ulohy z fyziologie
https://is.muni.cz/auth/el/1431/jar02010/Bi6790c/um/fyziologie/ch09s02.html

b) Rizeni tubularnich procest - zejména hormonalné: ADH
(Vasopresin), Aldosteron
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Tubularni organy: Tvorba a uprava primarniho filtratu.

Malpigicke trubice hmyzu —jina varianta tubularniho
vylu€ovani. Proud vody hnany ne tlakem, ale osmotickym

gradientem — adaptace na otevreny cevni sst.
Napojuji se na strevo a spolu s rektem tvori mimoradne

vykonny system setfrici vodu.

Malpighian tubule

et

Midgut Rectum



Malpigicke trubice: Tvorba primarniho filtratu.

Filtrat vstupuje
d b | ' k Paracellular route
o tubulu Ja _ - Eoraee
parace lularnim ~-+-+ Transcellular route : :-' émicr:r?dzcids
. Uric acid :
. Alkaloids I
tak ro . Salts I Na f’ﬂ"““ Leukokinin
transcelularnim = “ lﬁ
transportem. § Gx1 K M ._
: Principal : : -Ca’
cell S ; |
. o | \ : |
Tok iontu (KCI) _ : | stellate
doprovazivoda [E | J'_ : l g%h;_
Strhévaj |’C|' cr ’ K" T tl‘

|
AN
latky

rozpustene




Malpigické trubice: Uprava primarniho filtratu.

Filtrat vstupuje
do tubulu jak
paracelularnim
tak
transcelularnim

Malpighian tubule

trans p ortem. '-:'1::::-___. _ secretion
\-"P':"?:—.—_,_ &:_ “

Pruchodem

tubulem a Midgut

zejmena rektem
se upravuje a
zahustuje.




Malpigicke trubice: Kryptonefridialni komplex.

Analogie

koncentracniho sst. | Hemolymfa
Protiproudy system % 2 HO
pripravi A\ NaK [p NaK (g NaK

hyperosmoticke
prostredi, do
kterého se voda
vraci a zOstava v
tele. Vykaly zcela
suché.

VvvI/I

Resorbce vody probiha az do trikrat vyssi
rektalni koncentrace iontU nez je v hemolymfe.
Pohyb vody pritom neni zpUsoben
hydrostatickym tlakem a déje se bez Cisteho
toku iontU do hemolymfy.



Malpigicke trubice: Kryptonefridialni komplex.

Analogie

koncentracniho sst. _’ Hemolymfa
Protiproudy system | 2 HO
pripravi R\ NaK |a NaK s NaK

hyperosmoticke
prostredi, do
kterého se voda
vraci a zOstava v
tele. Vykaly zcela
suché.

Resorbce vody probiha az do trikrat vyssi
rektalni koncentrace iontU nez je v hemolymfe.
Pohyb vody pritom neni zpUsoben
hydrostatickym tlakem a déje se bez Cisteho
toku iontU do hemolymfy.




Malpigicke trubice: Kryptonefridialni komplex.

™S Na K

Hemolymfa
H,O

H,O H,O
Na K Na,K Na,K
B p Mo U

Kryptonefridialni komplex je tvoren konci malpigickych tubulU
prilozenymi ke strevu. Opacne proudy ve streve a v tubulu si vymenuji
vodu. Ta je z rekta nasavana do perirektalniho prostoru
hyperosmotickym prostredim, odtud pokracuje tubulem do
hemolymfy. Soli jsou Cerpany zpéet do tubulu — jejich cirkulace je
uzavrena. Voda vsak nasledovat nemuze — epitel komplexu je pro ni
nepropustny.



Rektalni papily

Podobny system uzavrene
cirkulace soli tahnouci
proud vody ze streva do
hemolymfy

Hemolymfa

Odvodny
kanalek

H,0

Dutina rekta

Obr. 14.10. Rektdlni papila much. Systémem dutin v papile cir-
kuluji ionty v uzavieném cyklu - tenké Sipky. Vysoka osmolalita
prostiedi vysava vodu z rekta — bilé Sipky. Voda vsak neprojde,
na rozdil od soli, zpét epitelem odvodného kanalku a proudi do
hemolymfy. Zpétnému toku vody brani systém zéklopek (neni
zakreslen).




Rektalni papily

Soli cirkuluji, voda proteka
jednosmerne.

(a) Diagrammatic structure of a rectal papilla

Rectal lumen
Rectal cuticle S

Fluid first flows
toward the apex.

Infundibular
channel

Basement

| |
0.1 mm

KEY
—> Fluid flow in pa

Epithelial cell

(b) Proposed processes of water absorption from the rectal lumen

Rectal lumen

q Water flux

The density of the mmm  Solute flux
dots in the fluid-filled

spaces symbolizes

relative osmotic

pressures.




Shrnuti

Koncentrace vSech latek je treba drzet v limitech.
Velky objem filtratu i zpétné resorpce: Jednodussi je
transportovat zpet zname latky, nez vsechny nezname ven.
Problem vzniku hypertonické moci: voda tecCe jen po
koncentracnim (nebo tlakovem) spadu.

Protiprouda vymeéna umoznuje vygenerovat a udrzet strmy
gradient osmolality od kury ke dreni.




