Osmoregulace

- Hospodareni s vodou

- Hospodareni s ionty
(Na*, K*, Ca?*, CI-, HCOy,...)

- Exkrece

(dusikaté metabolity, toxiny,...)
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(a) Simple diffusion
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Transcelularni transport

- Prosta difuze

- Usnadnéna difuze
- Prostup iontovymi kanaly
- Primarni aktivni transport

- Sekundarni aktivni transport
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Transport latek -> koncentracni gradient lazek -> osmosa/osmoticky tlak

Osmosis

2. Osmosis - diffusion (movement) of water (only)
across a semipermeable membrane

a. Water moves along its concentration gradient from an
area of high water concentration (less solute) to an
area of lower water concentration (more solute)

solute

molecules membrane
f /
l\"

direction of water movement



Nejvyznaméjsi osmoregulacni organy

Ledviny

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Osmotic Balance —Freshwater Fish

Zébra ....(,,plice =CO, <=> HCO,™“

- Travici trakt — strevo ;ﬁ%"e . ——
o v NaCl reabsorption
- Kuze Naci lof NaCl

Podobné principy, na zakladé potreby pod dohledem CNS

zmeény v expresi, lokalizaci a aktivité pFislusnych . : '/{,
y : <5
transportnich mechanismu. L’:f:r =
Y Kidney:
% | Excretion of
Gills: dilute urine
Active absorption Intestinal  Urine
of NaCl, water aasifibrahiygfd e il.com/asifkant
enters osmotically h89@ gmail.com




LEdViny — zékladni jednotka NE€fron: glomerulus, Bowmand vaéek, kanalky

a Pronephric S Arteriole b IC/—‘\ = c ~ Female
tubule Degenerating-r;(,.._,f& Degg:era':mg L g
oy 1 mesonephros ||

pronephros ||y & |

3
Nephrostome

Pronephric [/ “Nephrostome

duct Mesonephric

tubule

Coelom
Mesonephric
duct
1 nefron 10-50 nefront
Pronephros

Glomerulus ; Metanephros :
i
i
E

Nl L T T T T S s T TSI '"'"""“‘""""''‘’"“"’'SSTT*'sT'5‘S ‘T U W5”"=T’=”

2 v LT



Vyvoj nefronu a stieva v zavislosti na Zivotnim prostiedi/skupiné organismu.

Nefrony ryb, plazl a ptakl nejsou schopné vytvaret
zakoncentrovanou moc€ — jsou kratké a chybi Henleova klicka.
U dospélych obojzivelnikl, plazt a ptaku

je moc¢ produkovana do kloaky. ‘a

U nékterych plazl a u vétsSiny

ptaku je v kloace moc€ zakoncentrovana
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Glomerular filtration barrier

e Structure of the filtration membrane

1) Capillary endothelium:
fenestration: 70~90 nm

2) Basement membrane:

meshwork of collagen and proteoglycan fibrillae: 2~8 nm
3) Epithelial cells of the renal capsule: nephrin

slit pore: 4~11 nm

Glomerular Filtration
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400.0
0
0

Urea

NH;
Glucose
protein
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70~90



Filtration pressure =

60 mm Hg GCP (glomerular capillary pressure)
-28 mm Hg COP (colloid osmotic pressure)

15 mm Hg CP (capsule pressure)

17 mm Mg filtration pressure
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65% of filtered Na* is reabsorbed
from the proximal tubule.

29% of filtered Na* is reabsorbed
from the thick ascending limb.

9% of filtered Na* is reabsorbed
from the distal tubule.

4-35% of filtered Na* is reabsorbed
from the collecting duct.

* Proximal
convoluted

Bowman's
capsule
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-Collecting
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Mnozstvi transmembranovych proteinu, odpovédnych za prenos rtznych latek

mezi lumen a vnéjskem kanalkt nefronu.
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Uricosuric agents == Uric acid
Benzbromarone €GLUT9a Glucose
Probenecid ~ ; Fructose
Lozartan Antiuricosuric
Diuretics — - >asgznc;lsate
Salicylates (high dose) }——@ &
icyl (high ) SLC22A12 G doce)
Uric acid Nicot!nate
Glicoss Urate : Pyrazinoate
Fructose
Dicarboxylates -
Anion/urate ----, Hormonal regulation

Na*
. . Organic ions
gg(::r:gg’n (dicarboxylates)

Dicarboxylates
Uric acid

= PDZK1 scaffolds @ Actin



Basolateral
Membrane




A B luminal proximal tubule blood

earl
97% (0%) 3% (40%) L — 3 ——]

1 seLr 1 sGLT glucose ©@UTD>  pgepr ~CLUTD>

T i 1Na' T v

\{ glucose

urine l =7
0-0.2% (60%)



glomerulus,

Kortikalni R ¢ \

a juxtaglomerularni nefrony

RGzné poméry dle dostupnostivody AL L N e X ([ g
- Kortikalni (KN(: filtrace a resorpce
- Juxtamedularni (JN): koncentrace a redéni

Glomerulus KN maly, JN velky



Nephron loop
of cortical nephron

Nephron loop
of juxtamedullary
nephron

Nephron
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The structure of nephron

Cortical
nephron e Nephron
¢ Cortical nephron
¢ Juxtamedullary nephron
Nephron Size |Numberin |A./AEratio |Rennin
Juxtamedullary percentage |in diameter |producing
nephron ability
Cortical small |80 ~ 90 2:1 yes
nephron
Juxrtamed... | big 10 ~ 20 1:1or1:1+ |[no
nephrion

A./A.E. ratio — pomér priiméru aferentnich a eferentnich cév
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Celkové objemy jednotlivych nefronl (- dle dostupnosti vody)
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Table 3 Urine concentrations and urine/plasma ratios in mammal species from different habitats. For land animals,
the values are generally maximal, measured from dehydrated individuals (adapted from Willmer, 2000).

Mammal

Small mammals
rat
domestic cat
kangaroo rat
Large mammals
beaver
human
porpoise
eland

camel

Habitat

mesic

mesic

xeric

freshwater/land

mesic

marine

xeric

xeric

. . —1
Urine concentration/mOsmol |

2900
3100

2500

220

1400
1800
1880

2800

U/P ratio

10

16

1.7



Table 4 Measurements of body mass, water intake and urine osmolality in degus in winter and summer in Chile (data
from Bozinovic et al., 2003).

Measurement Winter (June—-August) Summer (Dec—March)
Mean rainfall/mm 245 12

Body mass/g 119.7 124 8

Water intake/ml day 40.4 + 91* 103+23

Urine osmolality/mQOsmol kg_1 1123 + 472* 3137 + 472

*Difference between means + SD for winter and summer statistically significant.

Sezénni zmeény v hospodareni s vodou u osmaka
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23' berni epitel ryb - ionocyty (MR (mitochondria rich) - na mitochondrie bohaté buriky)

Sladkovodni ryby

KS cell — K* secreting

SLC26 cell —

NCC cell - Na*/Cl- cotransporter

NaR cell — Ca?* uptake, Na*/K*-ATPase-rich
HT cell — H*-ATPase-rich
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CI Cl Na* Ca?*
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Water absorption
Active ion uptake through skin
through gills 77

— Direction of ion movement (Na', K", Cl') Dilute urine
— Direction of water movement
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’ v 1.7 Large Active tubular
Sladkovodni x morské ry by glomerulus reabsorption
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EL 3 of dilute urine

Gills: 2
Active absorption of Intestinal ~ Urine
NaCl, water enters wastes
osmotically
Glomerulus
reduced or
absent
Active tubular
Stomach: :
Passive reabsorption z;acMretéocr;
of NaCl and water 9504

Marine fish

Food,
seawater

Gills:
Active secretion of
NaCl, water loss

Kidney:
Excretion of MgSQOy,,
urea, little water

Intestinal wastes:
MgSO, voided
with feces

Fresh Water

Na*, CI’

o
300 mOsmE/_ »_

»

Seawater

1000 mOsm

Na*, CI', H,0 =
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Proteins Nucleic acids

| | Exkrece dusiku
Amino Nitrogenous
acids bases Amoniak (NH,* ) problematicky produkt metabolismu aminokyselin
l I
v V 7 ] 7 7 Ve Ve 7
s Amonotelni, urikotelni, ureotelni zivoCichoveé
2
Amino groups
NH3
Solubility in water
b 47% w/w (0 °C)
s - 31% w/w (25 °C)
_ = 18% w/w (50 °C)[4]
Yy
Most aquatic Mammals, most Many reptiles Kyselina mocova
animals, including amphibians, sharks, (including birds), Solubility in water: 0.6 mg/100 mL (at 20 °C)
most bony fishes  some bony fishes insects, land snails
o i’ Mocovina
I Solubility in water
- /n 1079 g/L (20 °C)
Y NH HN CoUN_ 1670 g/L (40 °C)
NH O=cC G N
4 B NH, o~ n H Toxicity LD50 15g/L

Ammonia Urea Uric acid



NH,
VvV jétrech (syntéza)
glutamic acid + NH; + ATP - glutamin + ADP + Pi

V ledvinach (hydrolyza)

glutamine + H,0 - glutamic acid + NH; (vylou¢en moc¢i)

2 NH; + CO, + 3 ATP + 3 H,0 - Urea + 2 ADP + AMP + 4 Pi

2 glutamic acid + 2 formic acid + CO2 + aspartic acid + glycine + 6 ATP->

> inosine +2 glutamic acid + fumaric acid + 5 ADP + AMP + 5Pi + PPi

Excreted in urine
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Syntéza mocoviny

Mocovina
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2 glutamic acid + 2 formic acid + CO2 + aspartic acid + glycine + 6 ATP->

V 4
Synteza 2 glutamic acid + fumaric acid + 5 ADP + AMP + 5Pi + PPi

kyseliny mocové

AMP deaminase

AMP =—>|MP XMP GMP

5'-Mucleotidase 5'-Nucleotidase 5 -Nucleotidase 5'-Nucleolidase

Adenosine

deamins po
nosine

Xanthosine Guanosine

Adenosine
Purine nucleoside Furine nucleoside Furine nucleoside
phosphorylase phosphorylase phosphorylase

Hypoxanthing sy Xanthing dfe——— Guanine
Xanthine oxidase Guanine deaminase

Xanthine oxidase

Uric acid



- kyselina mocova je antioxidant
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Rizeni osmoregulace a exkrece

- Propustnost membran a epiteld
- Exprese transportnich proteint

Hypothalamus => adenohypofyza (ACTH) - Regulace krevniho tlaku

=> neurohypofyza (ADH/Vasopresin, Oxytocin)

Nadledviny => kortikoidy, katecholaminy

Ledviny => renin (+ angiotensinogen z jater) F S - -

Pa rathyroidea d thyroidea => parathormon, kalcitonin (kﬁieﬂedvi-ny — kalcitrol)

Tkanové hormony (srdce, sttevo) => AnP, BNP...

Lokélné => viz. regulace krevniho tlaku 7 \i e

Stanniusova téliska, urofyza,.... => stanniocalcin, urotensin

1)



Hypothalamus — liberiliny + inhibiny(statiny) + ADH, oxytocin

Adenohypofyza - actH

Neurohypof\'/za — ADH(vazopresin, AVP), oxytocin

Supraoptic nucleus

(SON) Magnocellular neurons
/ @
Hypotension
Long portal system  AVA]J Hypovolemia
APL Hypoosmolarity
/&
AP ALP
Sh / AV%‘D Posterior pituitary
ort porta
system gpl_ AVP
Anterior pituitary ACTH
V1bR
w
ACTH * AVP
S |
—
Antidiuretic activity
\ Vascular actions
|
/
ACTH
Lniczigh. o
J ~T | viaR
Via/bR
CORTISOL CORTISOL B

<— AVP—>
/hA
-~

Physiological effects

Paraventricular nucleus
(PVN)

Parvocellular neurons (e
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* Na* concentration in
plasma ('osmolarity)

hypothalamus é
Endocrine Control

g

ADH (vasopressin)
(ADH)

Collecting ducts [
of kidneys '\

! Water reabsorption

. osmola

cells of the
hypothalamus

Posterior
pituitary

pituitary

HORMONE ADH Oxytocin
TARGET Kidney tubules Mammary glands,
uterine muscles

A Figure 45.15 Production and release of posterior
pituitary hormones. The posterior pituitary gland is an extension
of the hypothalamus. Certain neurosecretory cells in the hypothalamus
make antidiuretic hormone (ADH) and oxytocin, which are transported
to the posterior pituitary, where they are stored. Nerve signals from the
brain trigger release of these neurohormones (red dots),



Tubular Fluid Osmolarity Changes Along Nephron
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Osmoreceptors in
5::" hypothalamus trigger
Thirst release of ADH. 25 mi 0.2 ml
Hypothalamus 1200 A
~ 5
Drinking reduces = E18 | 5 -
blood osmolarity = o o 7 5 ©
to set point. \ 8 900 3’) T .g = T
Ehas @) Q (@] © O
Pituitary E c ‘(6 O L,
Increased gland ~ = o S <
permeability > .g “6
——
Distal = 600 - o °
tubule L) D
[e) =
£ w
\\ o 8m
@) p—
_¥ 300 17925 mi 44 ml -
H,Oreab- |« . 200 -
sorption helps| _ | STIMULUS: .
prevent further Increase in blood 100 -
osmolarity osmolarity 25 ml 20 ml
increase. 0
CoesHing:ict Proximal | Loop of Henle Distal Collecting Urine
tubule tubule tubule
BHO':I‘“StaSisi:t | and duct
lood osmolarity : G T k of Medical Physiology, 12th Editi
\ (300 mOsmiL) g:l;;yn;g:%')‘ Za(r)‘(llng'yf S:t:c?;s,oan |mp‘r:nant o'}ya?e?r?eyr, :nc. Alldr?gohnls reserved.




ACTH => ALDOSTERON + KATECHOLAMINY

Zona glomerulosa —

Nadledviny, adrenalni zlazy

kira nadledvin — adrenokortikalni tkan

A Zona fasciculata

- mezodermalni puvod
- produkce steroidnich hormonu
- mineralokortikoidy (zg), glukokortikoidy (zf), androgeny(zr)

Zona reticularis ~-—~Alf %,
B I

nadleviny
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mocovod

\ bfisni aorta

dolni duta zila

B v v . T
dreri nadlevin dren nadledvin (chromafinni tkan)
kara nadlevin .
4 vowao | - neuralni tkan, homolog ganglii sympatiku
O v . . .
> X - A bunky — adrenalin (epinephrin)

[IW - NA bunky — noradrenalin (norepinephrin)




ACTH- udrzovani struktury kury nadledvin, hotovost a tvorba hormonalnich prekurzoru
(adenohypofyza)

Mineralokortikoidy (ZG) — Aldosteron, kortikosteron, 11-deoxykortikosteron
- zvysSeni resorpce Na* a tim i vody v distalnim tubulu a sbérném kanalku ledviny,
vyluCovani K* , stimulace hyponatrémii (| Na*), hyperkalémii (1K*), zmenSenim
objemu krve, uvolhovani stimulovano angiotenzinem Il + ¢astecné i samotnym ACTH.

Glukokortikoidy (ZF) — kortizol
- glukoneogeneze, z bilkovin (proteokatabolicky efekt), potlaCeni i syntézy
bilkovin (aminokyseliny), Castecné inhibice transportu glukdsy do bunék
a jeji utilizace, stepeni triacylglyceroli — zvySeni koncentrace mastnych kyselin v krvi,

senzibilizace cév svaloviny pro katecholaminy (pfesun krve do svalu), snizeni
glomerularni filtrace a vyluéovani vody

- potlaCeni imunitnich funkci (zanét atd.), nedostatek i nadbytek poruchy psychiky

Androgeny (ZG) — dehydroepiandrosterol (DHEA, docosahexaenoic acid ethyl ester),
u Zzen vétsina produkce pohlavnich steroidt, muzi 1/3, zbytek testes
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Dopad dostupnosti ,,Na“ (a vody) na strukturu kury nadledvin

nedostatek Na dostatek Na




Denni rytmicita produkce ACTH a kortizolu u Clovéka
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Srovnani velikosti nadledvin u riaznych druhud |
hmotnost (kg) | podil na celku (10E3) dren kira pomeér
(mg) (mg)

kur 2 0,1 100 100 11

pes 15 0,1 250 1250 1:5
kocCka 3 0,123 20 350 1:17,5
potkan 0,2 0,21 2 40 1:20
kralik 3 0,137 10 400 1:40
morce 0,5 1 8 500 1:62,5

Primati béhem embryogeneze ,fetalni zéna“ mezi dfeni a kurou
- produkce dehydroepiandrosterone sulfate (DHEAS),

v placenté je preménovan na estrogen — regulace gravidity
Nekteri hlodavci behem dospivani (samci) a béhem gravidity tzv.
X-zonu / pfechodnou zonu (pod kontrolou LH), produkce
steroidu ale neznama
Obecné u mnoha druht zmény ve struktufe a aktivité v zavislosti
na stadiu embryogeneze, pohlavnim dospivani, gravidite
- Casto uloha LH nebo FSH

- preména NA bunék na A bunky
- vysoké hladiny steroidd indukuji pfeménu NA na A
(phenylethanolamine-N-methyltransferase)
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Juxtaglomerularni aparat

1. Granularni bunky — modifikované hladkosvalové bunky;,
syntetizuji, uskladfuji a produkuji renin
2. Macula densa — recepce hladiny NaCl, modulace

renalnich arterii

3. Extraglomerularni mesangialni bunky - fagocyty

Glomerular
——  epithelium
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cells

N \ 2, ~ ‘l
S\ 0 A Afferent
| AW S, B
| R
arteriole ™\ ' D
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Internal elastic
lamina
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Juxtaglomerularni aparat (juxtaglomerularni buriky, macula densa, polkissen) — jen savci,
naznak u ptaku, ostatni (plazi, obojzivelnici, vétSina ryb) jen juxtaglomerularni bunky
s granulemi barvitelnymi dle Bowieho. Chondrostei a Holostei nemaji, i kdyz renin ano.

pIné - renin -
prerusované - juxtaglomerularni granule MAMMALS (+) (-+)
BIRDS

(+) () TELEOSTS (4)(---)

REPTILES (4) () HOLOSTEANS

DIPNOANS Bowlin (4 ) (--)
Afnican lungfish (4) (--) / Longnose gar (4) (-:-)
South American lunghish AMPHIBIANS (4) (-i-) ‘

CHONDROSTEANS
{ Shortnose sturgeon (+) 7 (--- |

(+) ()
HOLOCEPHALIANS /
Ratfish (+4) (-:-)

COELACANTHS
Coclacanth (4) () Nile bichir (4) ()
Reedfish( ) (--)

ELASMOBR \\J(‘H\' () -5 / /
SARC ()vn RYGIANS

C HO\DRI( HTH\ ES ACTINOPTERYGIANS

\\\ OSTEIC Hlm ES

GNATI l()ST()Ml S

V(f\ CLOSTOMES (—) (---)

AGNATHA




v

A 4

zvysi se prijem tekutin a soli

akutni pokles: —_— uvolnéni reninu je——— objem plazmy se
objemu plazmy
a krevniho tlaku *

normalizuje,

N
l o konvertujici
\ y
~_enzymss
1 2 3 4 5 6 7 8
angiotenzin I
chut naslané %4
. , kura
zizen 4 : nadledvm
vieobecna

vazokonstrikce

GFR a RBF ‘ aldosteron

| |

snizuje se vylu¢ovani soli a vody

krevni tlak se normalizuje

A




Regulation of aldosterone secretion by the renin—angiotensin—aldosterone (RAA) pathway.
Aldosterone helps regulate blood volume, blood pressure, and levels of Na*, K*, and H* in the blood.
0 Dehydration,

Na® deficiency,
or hemorrhage

9 Decrease in @

blood volume Blood pressure
* increases until
_ it returns to normal

9 Decrease in
blood pressure

@ Vasoconstriction @ Increased blood
N\ —> of arterioles volume
6 Increased renin
Adrenal A

Juxtaglomerular
cells of kidneys

Liver G Angiotensinogen l cortex
@ Increased
— | <« K'in
extracellular

0 Increased fluid

angiotensin |

In kidneys, increased Na®
O J (11) (B  and water reabsorption
> fersgces. Increased . and increased secretion of
angiotensin Il aldosterone K* and H' into urine

Lungs (ACE = Angiotensin
Converting Enzyme)



Renin-angiotensin-aldosterone system

Hypo;halﬂtﬁus of\ brain

Cortlcotropln releasing hormone
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ACE: Angiotensin converting enzyme.
RR: Renin receptor.
EP: MNeprilysin.
AS: MAS receptor.
AMPA: Aminopeptidase A.
PM: Aminopeptidase M.
RAP: insulin-regulated aminopeptidase
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Renin-Angiotensin-Aldosterone System: A 2011 overview
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Short term

Sympathetic activation:
Adrenal glands release epinephrine, norepinephrine
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Parathyroidea a ultimobranchyalni téliska

- objevuji u obojzivelniku a dale jsou pfitomna u plazu, ptaki savcu
- bud samostatné struktury nebo spojené s tyroideou
- vyskytuji se v 1-3 parech

- krokodyli 1 par, zelvy a hadi 2 pary, jestéfi 1-3 pary

- ptaci a savci 1-2 pary

- puvod z Zabernich obloukd -> ryby a vodni larvy obojzivelniku je nemaiji




Parathyroidea — pristitna téliska — parathormon (pPTH, 84 AA)

- Metabolismus Ca?*, PTH — zvySeni resorbce Ca?* a jeho uvolhovani z kosti

Active _ 3
vitamin D Stimulates Ca**

— uptake in kidneys

Increases
Ca?* uptake
in intestines

. Parathyroid gland
( Jiates . (behind thyroic)
from bones
STIMULUS:
it Fling biood
S Ca?* level

(about 10 mg/100 mL)

(osteoklasty)



Kalcitonin (32mer peptid)

- Stimulace ukladani Ca?* zejména do kosti
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Mobilization of
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Ca?* from intestine
mediated by calcitriol

— parafolikularni bunky tzv. C bunky tyroidei

Kalcitrol
(1,25-(0OH)2-cholecalciferol)

- z vit D (UV na kdzi, potrava)

- hlavni regulace poslednim
krokem syntézy 1a-hydrolazou
v ledvinach

- lipofilni, steroidim podobny

- indukce zejména Ca?* vazajiciho
proteinu (CaBP) a Ca?*-ATPazy
- resorpce a ukladani Ca?*

- cilové organy: ledviny, strevo,
kosti, placenta, mleCné Zlazy,..
- Pfedavkovani => podpora PTH

HaC,

o™



Parathyroid gland

Negative feedback
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Renal physiology & diuretics

Proximal part Distal part

Creatinine, Antiobiotics,
Diuretics, Uric acid

H

Urea

K
Ma(l HCO3 Macl
4744 85 2.5
"Aldosterone”
Cortex
Medulla Hatl 25 l
Collecting duct
25 MNacl and tubules
H20
Desc. limb Asc. limb "ADH"
Mg Mg
Ca ca ! '
Why all these colors?
Segment name in violet Lﬂﬂp of Henle

Reabsorption in red
Secretion in green
Percentage in blue
Hormone in orange



Stanniusova teliska

- na povrchu ledvin Holostei (kaproun, jehlice) a Teleostei, Chondrostei (jeseter)
a ostatni obratlovci je nemaji
- ovalné zlazy v poctech od 1-2 (Teleostei) po az 50 (kaproun)
- puvodem snad z pronefros / mesonefros
- z bunék typu | (prfevazuiji) a typu |l
- bunky typu | (se sekreCnimi zrny), produkce stanniocalcinu (hypocalcin, teleocalcin)
-> snizovani Ca2+ v plasmé, krvi
- indukce pfenesenim ryb (euryhalinnich) ze sladké vody do slané
- nékdy snad dalsi glykoproteiny s funkci hormonu
—> teleocalcin, reninu podobny protein
- stanniocalcin byl nové detekovan v plasmé zralokd, mlokd, i ¢lovéka a potkanu
(imunohistochemicky v burikach ledvinych tubult)
MRNA v lidskych ovariich, prostate, thyroidei, mozku,
svalech, plicich, STC1 a STC2, predpoklada
se zejmeéna parakrinni aktivita
+ reabsorbce fosfatu



http://en.wikipedia.org/wiki/File:Barramundi.jpg

Urofyza

- zname pouze u kostnatych ryb
- funkce ne uplné jasna, pravdépodobné regulace osmoregulace a svalové kontrakce
hladké svaloviny urogenitalniho traktu
- podobné jako neurohypofyza slozeno z nervové tkané, téla nerva v mise
- axony v kontaktu s cévami prochazejicimi ledvinami
—> neurohemalni spojeni (sekrece do krevniho obéhu)
- hormony urotensin | a Il (peptidy), zda se, Ze v jednom typu bunék, hormony jsou
podobné kortikotropin-uvolnujicimu hormonu (1) a somatostatinu (II) méni:
- permeabilitu membran pro vodu a sodik
- zvySuji krevni tlak (u potkana snizuji ??7?)
- indukuji kontrakci hladké svaloviny (zejména urogenitalni trakt)
- u paryb pravdépodobné v podobé jednotlivych neurosekre¢nich neuron
(20x vétsich néz normalni motoneurony), tzv. Dahlgrenovy bunky
- malé Dahlgrenovi bunky u Holostei, Chondrostei a Dipnoi,
naznaky nebo nic u kruhoustych



Urotensin Il

- U savcu v srdci, cévach, mozku, endokrinni tkané

- nejsilngjSi savCi peptidovy vasokonstriktor, funkce ale neni uplné znama

- aktivni peptid je 11 AMK peptid odstepovany z dvou isoforem prepro-urotensinu Il
(prepro-urotensin Il ma 124 a 139 AMK, pro Clovéka)

- Koncovy cyklicky hexamer ((-CYS*-TRY-LYS-TRP-PHE-CYS*-), (*bridged CYS residues))
je konzervovan od latimérie po €lovéka (odhadem 560mil. let)
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Priklady hormont asociovanych s tkani a ne pfimo s konkrétni zlazou
- uvoliuji se do obéhu a pusobi tak na velké vzdalenosti
- peptidove i steroidny typy

Pro osmoregulaci:

Srdce - atrialni natriureticky peptid (ANP), syntéza svalem predsiné
- mozkovy natriureticky peptid (BNP), syntéza svalem komory
- stimulace vylu€ovani Na*, antagonistické k renin-angiotensin
- adrenomedullin (také v dfeni nadledvin a v endoteliich cév)

- stimulace vasodilatace, vyluCovani Na+, vody



Hormony odvozené od aminokyselin

Katecholaminy (adrenalin x noradrenalin = epinephrin x norepinephrin, dopamin)

- odvozeno od katecholu, zakladem je molekula tyrosinu

- adrenalin Castgji systémoveé ucinky, noradrenalin ¢astéji neurotansmiter

- hormony a neurotransmitery v mozku a sympatickém nervovém systému

- produkce tzv. chromafinni tkani

- tzv. adrenergni ucinky

a,-adrenergni -> konstrikce hladké svaloviny (cévy + néekteré svaly), snizeni
uvolfiovani reninu, u nékterych druhut zvyseni jaterni
glykogenolyze a produkce potnich zlaz

a,-adrenergni -> konstrikce hladké svaloviny a snizeni uvolnovani inzulinu

B,-adrenergni -> posileni srdeCni kontrakce, zvySeni produkce reninu

B,-adrenergni -> uvolnéni hladké svaloviny (bronchi, cévy), zvySeni glykogenolyze

Bs-adrenergni receptor — lipolyza a oxidace mastnych kyselin

- receptory jsou spojeny s G-proteiny a maji 7 transmembranovych domén
- tyto receptory patfi do rodiny receptoru pro: kalcitonin, glucagon, sekretin,
vasoaktivni intesticialni peptid, vasopresin, oxytocin
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Dopamin
- faktor inhibujici uvolnéni prolaktinu — PIF (produkce hypotalamem, statin)
- obecné utlumujici hormon v ramci

endokrinniho systému, podobné

THB DHB

somatostatinu o os 0, M0 HO _
- katecholamin, prekurzoch Q 20 5 A CH,—CH—C00
_ . NH3 tyrosinhydroxylasa NH5
adrenalinu a noradrenalinu [Ho o HO dihydrofenylalanin
yrosin (DOPA)

J dekarboxylasa
co, aromatickych AK

HO
CH2—C|:H2
NH3 _
HO dopamin

\ dopaminhydroxylasa

OH

HO |
CH—CHj,
|+
NH3
HO noradrenalin

SAM Fenylethanolamin-N-
’D methyltransferasa
S-adenosylhomocystei

OH

HO |
D»CH—CHZ—NH—CH3
HO adrenalin



Peptidové hormony neurohypofyzy

1. antidiureticky hormon -ADH (arginine-vasopresin AVP) — zvySeni resorbce
vody Vv ledvinach a snizeni tvorby moci
2. oxytocin — kontrakce délohy a iniciace ejekce mléka, u samcu snad ejakulace

(Ij(.,H.;OH C|2H5
NH, O CH, O CH—CH .
- £ | ? _» fenylalanin (3)
(|7H2—~CH—C— NH—CH—C—NH—CH e
i 2 3|
lS Cys Tyr Ile ?2'-0
S Cys O Asn O NH
| 6 | s Gln 4
CHZ—CH—NH—C—(I:H——NH—C—CH—(CHz)z—CONH3
e
c~o CONH,
H,C—N Pro 0O Leu O Gly
\7 | 8 I 9
‘ /CH——C—NH— CH—C—NH—CH,—CONH;
Hzc—‘CHz (ing G
CH(CHs), > arginin (8)

Homologni hormony (~ 12) u vSech obratlovcu, u savcl a ptakla ¢asto produkovany
| ovarii a testes. Substituované molekuly v poyici 2, 3, 4, 8.



arginine vasopresin — savci
arginine vasotocin (kruh oxytocinu a postranni retézec vasopresinu) — ostatni obratlovci
oxytocinu podobny peptid — 8 variant (u savcu vzacné)

mesotocin (lle na 8) — ptaci, plazi, obojzivelnici, plicnaté ryby, klokani

isotocin (lle na 8, serin na 4) — mnohé kostnaté ryby

... glumitocin, valitocin, aspargtocin, asvatocin, fasvatocin (paryby)

Polymorfismus u nepfezvykavych sudokopitniku (Suiformes)
- mnozi vasopresin s lyzinem misto argininu (pozice 8) tzv. lyzin vasopresin
prase domaci ma lyzin vasopresin a oxytocin, ostatni mohou mit oba
vasopresiny, pfipadné jeden z nich (homozygoti, heterozygoti)
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PISCINE ANCESTORS

Hormony neurohypofyzy u riznych
skupin obratlovcu




Evoluce hormonu neurohypofyzy
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Fylogeneze nadledvin

- vzdy v zadni Casti téla v blizkosti ledvin
- s fylogenezi integrace chromafinni tkané (dren) se steroidogenni tkani (klra)

chromafinni
katecholaminogenni
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(h) Necturus

Crocodilia
(Crocodilus acutus)
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Ophidia
(Thamnophis sirtalis)

Vena cava

(Ctenosaura multispinis)

Lacertilia

(Heloderma suspectum)
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Redstart

Adrenal
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Opossum (marsupial)
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Armadillo
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Shrew Monkey Orangutan

Raccoon

Echidna (monotreme)

Capybara Chimpanzee

Kangaroo (marsupial) Human




