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Chemickeé signaly pfijima burika od svého vzniku...
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Chemicka struktura komunikacnich latek

Eikosanoidy — (prostaglandiny)

Plyny — (NO, CO)

Puriny — ATP, cAMP

Aminy — od tyrozinu (adrenalin, par. histamin)

Peptidy a proteiny — mnoho hormonu

neurohormonu

Steroidy — hormony a feromony
Retinoidy — od vit A



Hormony a endokrinni sekrece

Figure 14.15 Chemical messengers
act over short, intermediate, and
long distances

Gap junctions CAMs (e.g.,
(e.g., between development of Hormones and Pheromones and
myocardial cells) mammary glands neurohormones kairomones

Paracrines and autocrines Neurotransmitter
(e.g., angiogenesis in skeletal  (e.g,, at the motor
muscle of endurance athletes) endplate)
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Typ fizeni vhodny pro relativné pomalé, centralni fizeni velkych bunécnych populaci.
Zavisly na vykonném cirkulaénim systému.
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Exokrinni:

Exokrinni a endokrinni sekrece

Feromony, pot, ale i latky v moci nebo travici trubici.
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(b) Endocrine gland
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Spoluprace nervového a hormonalniho rizeni. Délba prace. Kaskady od NS po cilovy
organ
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Zalezi na rozpustnosti ligandu ve vodnim prostredi.

Na vysilaci strane:

- Lipofilni (steroidy) nemuze byt skladovan — syntéza podle
potfeby, doprava na kratké vzdalenosti difuzi, na dlouhé
vzdalenosti potfebné nosice

- Hydrofilni (proteiny, AK) €asto upravovany, skladovany ve
vesikulech a exocytozou vylévany
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Figure 15.5 Snapshots of insulin synthesis, processing, and pack:
aging Insulin, like other peptide hormones, is initially synthesized at
ribosomes as an inactive preprohormone and takes its final form
through posttranslational processing. ER, endoplasmic reticulum.

[§ The enzymes cleave
the C segment from
proinsulin to form

mature insulin.




Lipofilni ligand

Hydrofilni ligand

Zalezi na rozpustnosti ligandu i na pfijimaci straneé:
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napr. na:
http://www.physiome
.cz/atlas/bunka/01/

{a) Ligand-gated channel
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In their typical mode of functioning, ligand-gated
channels open to permit ions to pass through,
thereby altering membrane electrical charge,
when they bind to their ligands.

(c) Enzyme/enzyme-linked receptor

(b) G protein—coupled receptor and associated G protein system

After binding to their ligand, G protein-coupled
receptors typically interact with two other cell-
membrane proteins—a G protein and an
enzyme—to activate enzyme catalytic sites.
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Figure 2.23 The four types of receptor proteins involved in cell signal-
ing (a) Aligand-gated channel.The particular example shown,a muscle
cell acetylcholine receptor, must bind a ligand molecule at two sites for
the channel to open. (b) A G protein-coupled receptor. Details of the
molecular interactions symbolized by double-headed arrows are dis-
cussed later in this chapter. (c) Enzyme/enzyme-linked receptors are
themselves enzymes or, when activated, interact directly with other
membrane proteins that are enzymes. One way or the other, binding

with the ligand activates an enzyme catalytic site inside the cell. The ex-
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Plasobeni hormon
ve fylogenezi a
hmyz jako model




Ve vyvoji hmyzu a tvorbé
nove kutikuly se uplatnuji
zejména JH, PTTH, EKk.
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Caterpillar ligated during last larval instar

Ligated early Ligated late
during instar during instar

Only anterior half pupated Both halves pupated

FIGURE 1.2 An experiment performed by Koped. When a caterpillar was ligated early during the
last larval instar, only the anterior half later pupated. However, when ligated late during the last larval
instar, both halves pupated. Adapted from Cymborowski (1992). Reprinted with permission.
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Dnes: latkové signaly na tkanovych kulturach
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Spoluprace nervového a hormonalniho fizeni. Kaskady od NS po cilovy organ
Nervové Ustredi hormonalnich os je u bezobratlych i obratlovcd.
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Release factors (¢ ) are
secreted into pantal vessels by
hypothalamic parvocellular cells
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Oxytocin — stahy hladké svaloviny

Mozek jako ridici misto: Psychickée
vlivy se spojuji s mechanickymi
podnéty. Po analyze neuralnich
signald nasleduje hormonalni
odpoved.

/ Psychogenic stimuli

& Paraventricular nucleus
: of hypothalamus {site of
=7/ oxytocin production)

Oxytocin picked
up by capillaries of ¥
posterior lobw

Prolactin stimulates
milk production in
endocrinologically

prepared breast

Oxytocin causes
milk expulsion

Afferent impulses
from nipple

—~——

S

Oxytocin causes
uterine contraction

Alferent impulses from
cervical dilation or
vaginal stimulation

—-—




T.Y. Hiyama, M. Noda / Neuroscience Research 113 (2016) 1-11

Antidiureticky hormon (ADH) —
Vasopresin

Mozek (hypotalamus) monitoruje
slozeni télnich tekutin a fidi
sodikovou homeostazu.

V misté detekce neni krevné
mozkova bariéra — muze byt
sledovano slozeni krve.

Sekrece ADH ridi zejména diurézu
v ledvinach

Ependymal cell

3rd Ventricle
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C. Uéinky hormon(i na metabolismus sacharid( a tuka

hormon inzulin glukagon adrenalin kortizol
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Inzulinova signalizace
Vysilaci strana — B bunky pankreatu

ATP signal - Depolarizace otevira Ca kanal Ca spusti exocytozu

vezikul s inzulinem — C. Regulace sekrece inzulinu
C Glucose K q glukoza
LuT2 ’
camponers, | >| [zl :
' : bunka '
\/ i
Glucose glukéza exocytoza :
\jf '

Glucokinase 1

4 arp

Glucose-6-phosphate ——»-
4 NADPH-H

& C32+‘ ‘ *OOCaZ"'

CO;7 +H0

ATP- v Ca2+-|kanél
dependentni zavisly
K+-FI)<ana'l 0 K na napéti




Inzulinova

Insulin Receptor

signalizace
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Inzulinova signalizace
celkove rizeni

Priklad nékolikanasobné
kontroly:

1- smycCka 1. fadu (bez n.s.)
2- smycCka 2. fadu (bez n.s.)
3- smyCka 1. fadu - nervova

Eat a meal

v

1@

l®

Glucose
receptors in

Stretch
receptors in

> Blood the digestive the digestive
: T glucose tract/ tract
2 /g
Negative @ @™ CCK
feedback

b4

Y

Y
l \
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Pancreas

S—

Secretes
Y

¢
0
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Insulin

Target organs

v
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Diabetes mellitus typ |

TYPE | |
10 %

of all

diabetics

Viral infection > | Autoimmune disease

42

Genetic
? disposition ?

12

Destruction of beta cells

Nt
/

\‘ : Beta cells
| / (pancreas)
Absolute
insulin deficiency
- : . Protein
Lipolysisf  Hyperglycemia breakdown'




Diabetes mellitus typ Il

Familial Substrate uptake 4
disposition Substrate consumption

Lipolysis‘/_\ Fatty acids 4

| } Obesity \%
b | | e Ketone bodiest
; Target cell l : ¢

Insulin
Insulin insensitivity

: (5]
Relative G 7/’?}“'
insulin deficiency 4

Jo-

Hyperglycemia

TYPE I
90 %
of all
diabetics
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Hormonalni regulace Ca?* v krvi — A. Functions of calcium

Funkce vapniku

’ Mineralization
Muscle
con-
traction

Signal /

transduct|on \

Ca2® //
o Sy
/ \r’\ -

& Nerve
: conduction
Exocytosis
O Protein
function
Ca2®
complex

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



Hormonalni regulace Ca?* v krvi

hladina ionizovaného Ca?*
v séru klesa pod normalini hodnotu

pristitna --.*.--.J, R =

téliska

caz+

PTH

kalcitriol

Ca2> N

v potravé

demine-
ralizace

4

¥ . stievo &
‘ '-'.'.-;,ﬁ Ca? =
b

v f ’(
snizené vylu¢ovani Ca2* v Yesorpce -
(vylucovani PO, zvy3eno) t-f--- zvysena . ).

hladina ionizovaného Ca?* v séru
v stoupd nad normalni hodnotu

stitna zlaz
{C-buniky)

kalcitonin

\5

J

@-} kosti
ukladani Ca?*

(vylu¢ovani PO, klesd)

hladina ionizovaného Ca?*
v séru se normalizuje

* 1 mmol ionizovaného Ca?* =

2 mval Ca?* = 40 mg Ca?*

/

klesa

vyluéovani Caz‘_je zvyseno t.{-.;

hladina ionizovaného Ca?*
v séru se normalizuje

resorpce Ca?* F

netGcinny
24,25-(OH),-
cholekalcuferol

T kalcitriol

—> stimuluje
—3]| inhibuje
-==» nestimuluje
-=3| neinhibuje
— vydej, pfijem




— C, Ca?**-senzor

Hormonalni regulace Ca2* v krvi

Caly) —a (Ca®, ¢ .
Ca’, /
<
G Gq fosfo- PiE2
( ‘ lipaza C
~§§ .+ ATP T DAG' |Pxf
bbq?\&, PKC ¢ l
o N K‘@
:o ,C32
4 ® [Ca”]. f & J
[cAMP] }

Nadbytek vapniku (hyperkalcémie):

kalcitonin

\f parafolikuldrni

® o. C-bunka
® 9

paratyreoidaini .« 'f
burika " *_ »

PKC f\/k

(cAMP] § 35 3

Rust Ca intracelularné a exocytdza kalcitoninu ze stitné zlazy
Pokles cAMP — tlumi exocytézu PTH z pfiStitnych télisek




Dfen nadledvin je modifikovana Cast
sympatického nervoveho systemu

Funkce

=————> Zrani, reprodukce

———— Zrani, reprodukce
=———=0 7rani, reprodukce

Hypotalamus Adenohypofyza Periferni tkan Kone&ny
produkujici hormon hormon
p ap —_— s
+ FSH Testosteron
Gn-Rh > :
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- ‘) * Corpus lut. " Progesteron
t - P
(Dopamin |7| . PRL l
N > Tyroxin t
ap itna 214 ¥
——. TSH — | Stitnd Zlaza Trijodtyronin

P
Somatomediny

—

> Zrani, reprodukce

== Zrani, metabolizmus
——», Zrani. metabolizmus.

Yodni a iontové hosp.

Mineralokortikoidy

Kira

————n Vodni a iontové hosp.

Metabolizmus,

’ | ’I STH pl > Zrani, metabolizmus
[ MRH p|—61 +_MSH p] Tmavnuti kGZze
[ MH 1 CEEHIEET

CRH PI_.

+ ACTH pl_—.

nadledvin Glukokortikoidy

krevni obéh

(£ I\Inlrrnh\lfrr_\nf\ai7:| ScHCICY ———=> Zrani_reprodukce
% I Axonalni transport - ADH F'I > Krevni obéh
oo e
G ——======
% ! Axonalni transport - Oxytocin p! > Reprodukce
‘‘‘‘‘‘ Dfen | Adrenalin |t Metabolizmus,
_________ nadledvin Noradrenalin |=—— krevni obah
Ledvin » Erytropoetin  |9P ——=> Krevni obéh
— Y D-hormon s =——=>Vodnia iontové hosp.
c 1
_g Somatostatin [P__, Metabolizmus
:E A- bunky Glukagon | ————, Metabolizmus
= B-buriky Inzulin =———=> Metabolizmus
o s
g | Parathormon Vodni a iontové hosp.
E téliska Ip_—_—:>

Stitna ilézal q Kalcitonin |

F&Vodni a iontové hosp.

Sympathetic
postganglionic

o, receptors

e = Acetylcholine

Spinal cord

Sympathetic
preganglionic
fiber

f3, receptors

Target organs

e = Norepinephrine

Adrenal
medulla

B, receptors

e = Epinephrine




Hormony
kiry nadledvin

hypotalamus

a4
stres%‘ ——LL'> CRH ,{‘5

negativni zpétna vazba

adrenalin stimuluje

%

uvolnovani ACTH

\

.Q
— sympatikus <
adenohypofyza
\\\ ‘
( ACTH &=
angiotenzin Il
hyperkalemie

—>

mineralo-

kortikoidy

= | zona glomeruloso

umpa‘pou ua!P

)ﬁnad-

\{{dw‘ny
zledviny :

4

S

aldosteron = ——p

1
E‘ ¢ -
[~ _ ' \
\. 2 gluko- g : = ( kortizol 2 /
> %-_ kortikoidy é kortizol ? —_— :
b 2 2 transkortin
%‘ zonda fasciculata
k anabolické ; §
" a pohlavni :
hormony —> g 3
i 3 8 g
zond reticularis 8|2
I
6 £/ 3
adrenalin < 4
> noradrenalin =
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Hormonalni reakce
na stres

404 CHAPTER 14

Sympathetic
activation
(norepinephrine
and epinephrine)

T heart rate
T ventilation

T vasoconstriction of

specific regions such as skin

+ digestion

Glucose released from
muscle and liver

Pancreas: Glucose
T glucagon ¢ maintained
! insulin in blood

T fat catabolism

Seconds

Seconds
2 Hypotalamus:
Kortikoliberin CRH
Gonadoliberin
Melanolibetin MRH Lutropin LH
Melanostatin MIH Melanotropin MSH
CRH Prolaktostatin =Dopamin | PIH Somatotropin STH

} / Glucocorticoids
l \ Inhibit TSH,

Other brain areas such
as the locus ceruleus:
arousal, alertness

Amygdala and hippocampus:
form memories of emotionally
charged events

Adenohypofyza Neurohypofyza
Kortikotropin ACTH Oxytocin
Gn-RH Folitropin FSH Adiuretin ADH

Somatoliberin SRH Tyrotropin TSH
Somatostatin SIH Prolaktin PRL
Tyreoliberin TRH
ACTH
~1 hour

Enhance

Oppose actions
of insulin gonadotropins,
Muscle /bone GH

protein catabolism

l

e Amino acids

Liver

gluconeogenesis Patcatabolis

l

Free fatty acids

Glucose
and glycerol
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Hospodareni solemi a vodou

Hormony snizujici
diurézu pfi nedostatku
vody:

ADH (Vasopressin) —
vklada aquaporiny do
membrany sbérného
kanalku

Aldosteron — fidi
syntézu a vlozeni
transportéru

Na+ do membrany
tubulu

—q

-----

‘Vasopressin binds |
G -protein- lmked receptor. » »-,1

Receptor activates adenylate ‘
cyclase increasing CAMP TJ
and activating protein kinase Ar 1

Phosphorylation of cytoskeletaL
and vesicle proteins oceurs.

e )

——@ —-@ —@

vesicle to the cell membrane
with insertion of aquaporins.

(a) Vasopressin

 Aldosterone enters the: cell :
" by diffusion. : Qg

) It bmds to its receptor, a ' Vf |
transcription factor. 5

Acnvated transcnptlon factor il
~ stimulates transcription of
‘genes for transporters

{}-—@“—@—@

| New transporter proteins are fi :
made in the ER and exported il
|n vesicles. Bz

) Vesicles containing protelns
 the

g - |

‘membrane.




Hospodareni solemi a vodou

RozliSeni nedostatku vody a
nadbytku soli.

ADH — propustnost sbérného
kanalku

Aldosteron — zpétna resorbce
Na+

ANP — atriovy natriureticky p.

Pfi nadmérném napéti ze svaloviny pfedsini,

pfi velkém objemu a tlaku. Podporuje diurézu.

nedostatek vody nadbytek vody
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vodni diuréza Zizen retence vody
objem plazmy >y angiotenzin il ==, objem plazmy
a krevni tlak ‘ a krevni tlak f

- :

i ' N
E I tlakvsinich 4
¥ % L

aldosteron -lé—'

1
4 : \ \ i
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~aldosterone system Distal ~ Nephron of kidney
e and low blood tubule

t lead to the produc-
@\
°

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

bf aldosterone from
cells secrete renin in
bf the afferent arteri-
ire) and to sympa-
verting enzyme.

1__Collecting duct

Renin-Angiotenzinovy

SSt . Bowman’s capsule
Glomerulus

Poloha

juxtaglomerularniho e

aparatu vhodna pro

kontrolu slozeni moci i
O.deS'I|?nI endokrinnich R
Slg na I u . secrete paracrines

that inhibit renin
secretion when blood
pressure is high.

Renin aktivuje
angiotenzin. Ten ma fadu Macula
T o ORI e NP secretion. densa
ucinku zvysujicich pfijem

brates. It acts

arteriole

Juxtaglomerular cells

a retenC| VOdy ibit the reab- Juxtaglomerular cells
on. ANP also secrete renin when
renin, and al- blood pressure is low.

ormones that
increases the e Aldosterone sectetion

- . : . - ACE : .
L which caus- Angiotensinogen ———— Angiotensin [ ———= Angiotensin I ———~ from adrenal cortex

uently, by its / l \
nin the extra- .

litions of high Stimulates  Promotes Stimulates T Nat
ms by which constriction  thirst vasopressin  reabsorption
of systemic secretion
\ J
derstood and arterioles Y
has also been T Extracellular
from the gills fluid volume
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Kompenzace hypovolemického Soku
Souhra hormonalnich a neuralnich

regulaci

Acute heart failure

Hormonal causes

Volume deficit

Blood pressure

||

Blood volume

l decreases decreases
J[ —> Stimulus
Anaerobic L., Po. ¥ \ —> Signal
glycolysis ¢ <7 2 11 —> Compensation
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A\ 4 \l' retention
2 ‘1’ H,0 influx
into capillaries GFR §
Venous "
return v \l, v
Heart rate ¢ Oliguria
: Myocardial
Per.lpheralf contractility
resistance l (—/
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— C. Regulace hormonalni aktivity

: v stitné zla
Tyroxin — ucinky —

Tyroxin konvertovan
na 3 | tyronin
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Cell membrane
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Hormonalni regulace zrani
samicich
pohlavnich bunék

(b) Internal organs (frontal view)
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Hormonalni regulace samicich
pohlavnich bunék

Adenohypofyza

| Estradiol t
\ Progesteron —

| l
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Hormonalni regulace zrani
samicich
pohlavnich bunék

Souhra adenohypofyzy a folikull
pripravuje delohu na prijeti vajicka

— A. Menstrual cycle
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Zrani folikulu

FSH — vyvoj a rust folikulu
FSH a LH — dozrani a ovulace

basal

) theca lamina
primary ?ocyte — cortical
arrested in

corpus
luteum

granules
prophase |
—_— — _ > _——
Lo FSH surge FSH +LH
zona pellucida ~ cells 10-12 antral maturation polar
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of which ovulation :
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Hormonalni regulace samicich
pohlavnich bunék — zpétné vazby

(a) Follicular phase (b) Just befo
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pituitary
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HCG z placenty
udrzi ZT a tim
zastavi cyklus

(a) Early development 2-cell stage

Figure 15.11 From fertilization to implan-
Zona tation (o) Fertilization occurs in the ampulla
pellucida region of the oviduct, and mitotic cell divi-
sions to the blastocyst stage take place en
route to the uterus. (b) The trophoblast cells
initiate implantation and development of the
placenta. In humans, implantation is complete
about 10 days after fertilization. (c) Embryonic
blood moves to and from the placenta
through the umbilical cord. Maternal blood
percolates around projections of the chorion
(villi) that contain capillaries.
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25 ] region

Fertilization
Blastocyst
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implantation

Ovulation \

(b) Implantation of the blastocyst
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Hormonalni regulace testikularni
sekrece

( Hypothalamus
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Hormonalni regulace vzniku samcich pohlavnich bunék

Spermatogonia

(b} Seminiferous tubules ._ :
Sertoli cell

o - Vas

deferens Leydig cells
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/ Cross section of
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Hormonalni regulace
gastrointestinalni
spoluprace

Gastrin
Enterogastron - GIP
Sekretin

Pankreozymin cholecystokinin

Hepatokinin
Vilikinin

Figure 420 Gastrointestinal function after a meal is
coordinated in part by hormones secreted by
endocrine cells in the gut epithelium The arrows
represent hormones traveling by way of blood trans-
port from endocrine cells to target cells. Red and blue
arrows marked with plus (+) signs symbolize stimula-
tory effects on target cells. Black arrows marked with
minus (-) signs symbolize inhibitory effects. The con-
trols shown here are only a small fraction of the total
set of nerve, endocrine, and paracrine controls that
coordinate the processes activated by eating.
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Propojeni hormonalniho
fizeni a imunitniho sst.

CRH stimulates the
HPA axis as well as
the sympathetic
nervous system.

Hypothalamus

( The locus ceruleus is a
nucleus of noradrenergic
neurons that are
important in maintaining
attention and responding
to novel stimuli.

‘\ \ Locus ceruleus

i
——

Cytokines

Glucocorticoids

i
— @,
Glucocorticoids 'Y

modulate the immune G

Adrenal gland

Cytokines secreted by
cells of the immune
system stimulate the
release of CRH.

response by muting
the actions that cause

inflammation.

Immune cells




