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Mezibunécha komunikace a
signalova transdukce

A. Triggering and Development of Apoptosis
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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
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ZpUsob predani signalu — mezi burikami
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Hormony a endokrinni sekrece

Figure 14.15 Chemical messengers
act over short, intermediate, and
long distances
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during pregnancy)
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Typ fizeni vhodny pro relativné pomalé, centralni fizeni velkych bunécnych populaci.
Zavisly na vykonném cirkulacnim systému.




\ long distances

Exokrinni a endokrinni sekrece | i

Exokrinni:
Feromony, pot, ale i latky v moci nebo travici trubici.

Hormones and
neurohormones
(e.g., pituitary gland)

Transport in
blood

| External environment External environment

Epithelial
cells

Acinus
Secretory

cells

Secretory
cells

Circulatory system Circulatory system

(a) Exocrine gland (b) Endocrine gland

Pheromones and
kairomones

Qutside
environment




Spoluprace nervoveho a hormonalniho rizeni. Délba prace. Kaskady od NS po cilovy

organ
Podnét .
. AkEni potencial
“‘ - \ ;l —] Efekto <
Cidlo CNSll Y PrT—— —]—) Odpovéd
Podnét
Neurohormon
\'éidln CNS Odpovéd
Pﬂd"é\ AkCni pot == Hormon 1
Sidlob—={ CNS Slaza —o—oro—9—a—o—o—a—0-|Efekdor Odpovéd
| Neurohor.
Podnét

Neurohor. Hormon 1 Hormon 2
Cidlof~% CNS Sl BRI B Efektor—> Odpoved




- - - = p Stimulus - - - -p Stimulus

Sense
organ
- Sensory
@ | neuron

Integrating
center

Endocrine
gland

!
!
1
|}
L
)
!
'
'
I
!
L]
L

| '
! 1
: Y Target : )5+ Neuron
: organ :
: 1 : Target
: : organ
'~ - - - Response : l
I
(a) Direct feedback loop '
'~ - - - Response

(b) First-order feedback loop

Spoluprace nervového a
hormonalniho fizeni. Kaskady
od NS po cilovy organ

Extracelularni kaskada

Zesileni a zpétnovazebna
kontrola

- = = = pSlimulus

Sense
organ

i
|}
'
]
!
)
)
]
1
!
!
]
1 ~

@ J< i Sensory
i. neuron

Integrating
center

~

/=~ Neuron

J

Endocrine

it g gland

Circulatory
system

Target
organ

l

- - - - Response

I I S G-

(c) Second-order feedback loop

- — = = P Stimulus

Sense
organ

% s

YN Y

AR Sensory
| neuron

l Integrating
center
\- -’—_-J
fr— Neuron
[

Endocrine

=S gland 1

Circulatory
system

1
]
!
1
1
@ Hormone 1

: Endocrine
(== P gland 2

Circulatory
system

@ Hormone 2

Target
organ

|

- - - - Response

(d) Third-order feedback loop



The local ¢f

e /alezi na rozpustnosti ligandu ve vodnim prostredi.
e Na vysilaci strané:
- Lipofilni (steroidy) nemuze byt skladovan — syntéza podle
potfeby, doprava na kratké vzdalenosti difuzi, na dlouhé
oNaers: vzdalenosti potfebné nosicCe
High concentration g chemical

i rGeeoncEe wsienel - Hydrofilni (proteiny, AK) ¢asto upravovany, skladovany ve
Messenger £ . vesikulech a exocytozou vylévany

Signaling cell

bound to

i Cytoplasm of cell
carrier YIOF —Rough P} The proinsulin moves
protem endoplasmic through the ER, via

ER mRNA /Ribosomc t

membrane reticulum

shuttle vesicles, and
into the Golgi
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Free
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Extracellular
space

b Depolarization of the
cell membrane trig-

/ gers release by
exocytosis.
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) [n the Golgi apparatus,
three disulfide bridges
fold the proinsulin
molecule.

segments are
stored in vesicles
awaiting release.

The Golgi apparatus
buds off vesicles that
contain proinsulin
and enzymes.

concentration
of free
messenger

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.

Figure 3.8 Transporto
messengers




Zalezi na rozpustnosti ligandu i na pfijimaci strane:

Dve zakladni cesty predani signalu

Cvtopl tickv Jaderna
y orgsélgr;grlc y membrana

Hormon

(prvni posel) | Napf. Tyroxin
Lipofilni ligand f;
a) ﬁ) » [5)) &—>m-RNA

!

Protein
Receptor || Prenased L
Zesilovac
Hydrofilni ligand Bunécny
D-:-—D =P efekt
Napf. Adrenalin

Hormon DrLlhy Aktivovany
(prvni posel) posel enzym

Vstup a ucinek nepolarniho a polarniho hormonu ‘


Animace/polární hormon - účinek.swf
Animace/nepolární hormon - účinek.swf
Animace/polární hormon - účinek.swf
Animace/účinek tyroxinu.swf
Animace/polární hormon - účinek.swf
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Figure 223 The four types of receptor proteins involved in cell signal- receptor
ing (o) Aligand-gated channel. The particular example shown, a muscle
cefl 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 arows are dis-
cussed later in this chapter. (¢) 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-
amnls chanisn te tha atrial natriiratir nantide rorantosr whicks ic marties tlar

! Nucleus

The activated
ligand-receptor
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a transcription factor
L inside the nucleus.
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(a) Ligand binding causes a response
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Figure 3.11 Ligand-receptor interactions
ATigandis a small molecule that binds specifically to a larger
macromolecule such as a receptor, causing a response in the
target cell. Both agonists and antagonists can bind to a
receptor, but only agonists cause a response.




Pusobeni hormonu
ve fylogenezi a
hmyz jako model
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Ve vyvoji hmyzu a tvorbé
nove kutikuly se uplatnuji
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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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Parvocellular neurosecretony
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Hypotalamus: Adenohypofyza Neurohypof
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Humoralni fizeni

Hypotalamus Adenohypofyza Periferni tkan Koneény Funkce
produkujici hormon hormon
p gp [ s
+ FSH Testes »  Testosteron |=——— Zrani, reprodukce
Gn-Rh ) .
ap Folikuly =  Estrogeny S|=====> Zrani, reprodukce
. + LH Corpus lut. " p o
') — ——  PTOgESETON | ————=5 Zrani, reprodukce
Dopamin t 7! ; PRL P - > Zrani, reprodukce
" =»  Tyroxin t
TRH P |— | ¥ TSH 9P| | Stitna zlaza - .
/\ = e e ———O Trledterﬂln D Zréni, metabolizmus
SH P Jatra > - Pl Zrani. metabolizmus.
\ / Somatomediny Vodni a iontové hosp.
SRH P : stH P > Zrani, metabolizmus
MRH — p[w— . pSH P ., Tmavnuti kaze
MIH — | - oboiZivelnikd
CRH P p Klra —) ineralokortikoidy | ———> Vodni a i_ontové hosp.
S— ACEH: "|e—— e diin > | Glukokortikoidy kMr::/%?oc:'ngtTS’
Neurohypofyza > Androgeny  |———=> 7rani, reprodukce
Axonalni transport - ADH p > Krevni obéh
Axonalni transport - Oxytocin P ~ Reprodukce
““““““ — Dren Adrenalin. |t Metabolizmus,
————————————————— = i s <
Laddin » Erytropoetin  |9P ——=> Krevni obéh
y > D-hormon s ———>Vodni a iontové hosp.
ﬂ{guta[amgs: Ader\ohmqﬂ‘ gl Neuroupofﬁza A_buﬁky ————— Glukagon ———— Metabolizmus
T T T S - W - TR L B-buriky »| Inzulin | ———u Metabolizmus
Melancliberin MRH Lutropin IH S —
Velnostatn MR | Welaroirp IEX Pristitna P 2
; ali ———- | P arathormon Vodni a iontové hosp.
Pm\aktc‘\sltatm:anamm ;’II?H %or:lerléu;i:pwn ?ST): te“Ska Fo p
i ?::4 Prolakln PRL Stitna Z1aza | e ——) Kalcitonin F}Vodni a iontové hosp.




Podnét

| l ) Alké&ni potencial o
= e ket '
Sldlo CNS \ Motoneuron _ @ Cdpoved
P o dinét
o e -' HMeurohormon 1
\| ¢|d|oH (SNE= - |Ereito Odpovéd
Podné . Akénl pot. Hermoen
il o cns I - - . w _
DII NPT P - Odpovéad
FPodndé
Neurohor. Horman 1 Hormon 2
Endokr. Endolkr.| _ .
NE"“H CSNS | Zlaza Zlaza - JE"'“‘“'- Odpovéd
Podné
a) Odpoved

. Axonalni transport - ADH p'l > Krevni obéh

Axonalni transport - Oxytocin p' >~ Reprodukce

Dren _ [ Adrenalin. t Metabolizmus,
nadledvin | Noradrenalin | = [revni ob&h

I —— — | — — — f e T T T (V— S— -_ = _h
I Ledviny Erytropoetin gP ————==> Krevni obé

l D-hormon s ——=Vodni a iontové hosp.

Rizeno CNS

Pankreas:

| izeni

Somatostatin |P i
D-bunky —_— Metabolizmus

A-burnky GIUkagon —————> Metabolizmus
B-bunky Inzulin =———> Metabolizmus

tré'ﬁ'ts';t(naa i Parathormon p_—_—:>Vodni a iontové hosp.
{ Kalcitonin lp__4_:>Vodni a iontové hosp.

‘v

Humoraln

Hypotalamus Adenohypofyza Periferni tkan Konecny Funkce
produkujici hormon hormon
p gap [ s
+ FSH Testes Testosteron =———> Zrani, reprodukce
Gn-Rh ap - e
CEl Folikuly Estrogeny S| =———=> Zrani, reprodukce
+ L.,
- t Corpus lut. Progesteron =—————2 Zrani, reprodukce
7' L B » —> Zrani, reprodukce
= > Tyroxin t
TRH Plo———| * TSH IP|a——| Stitna zlaza 2 ;
/\ = Trijodtyronin =——————=> Zrani, metabolizmus
SIH P | i P| =————o Zrani. metabolizmus.
_ \ / | Somatomediny Vodni a iontové hosp.
SRH P| 7l ; STH pl —5> Zrani, metabolizmus
P IH —] oboizivelnikd
3 Mineralokortikoidy | ————> Vodni a iontové hosp.
CRH P P Kara ;
— |+ ACTH ——r— nadledvin Glukokortikoidy m:t{;::?%;)zér?‘us_
Neurohypofyza Andrsaeny. =———> Zrani, reprodukce




Podnét

| Akéni potencial ]
\kﬂ:ldlaH cms{— T T Efekio Odpovéd
FPodndét
Meurohormon 4
C:muc,\—h s -— - - - —-..-"E‘I'-ktor O povédd
» &
Podné —— Akénl pot g Hormon S
~idlo S = - 1 e B T e e = = Efalkior 3 Odpovéd
e urohor ) _—
FPodndé
Neurohor. Hormon 1 Hormon 2
Endolkr, Endcdolkr. ]l i
C:ldloH CMNS | Fla=a Flara e JEmkm- ODelpovéd
Podné
- Odpoved
Hypotalamus Adenohypofyza Periferni tkan Konecny Funkce
produkujici hormon hormon
P ap s
+ FSH TeSteS I Testosteron = Zrani, reprodukce
Gn-Rh ) - e
i g Folikuly Estrogeny S| —= Zrani, reprodukce
= D ¥ C— Corpus lut. ~ Progesteron ——— 7rAni_renrodukce
Dopamin ¢ — | ; PRL pl > Zrani, reprodukce
I I Tyroxin t
P — | Stitna Zlaza - -
ERH - = Trijodtyronin =————> Zrani, metabolizmus
SiH l\ [ sawa ] | Somatomediny®| =———= Zrani. metabolizmus.
~,— - / = <]
SRH pl + STH > Zrani, metabolizmus
I e oo oboijzivelnikQ
Kara Mineralokortikoidy | —————=> VYodni a iontové hosp.

— -~ Metabolizmus,

Glukokortikoidy krevni ob&h

nadledvin

i fizeni

‘v

Humoraln

Stitna Zlaza

Ledviny

Noradrenalin

Erytropoetin

And ESS
<£ Neurohypofyza RArogeny. = Zrani, reprodukce
g Axonalni transport - ADH pl - Krevni obéh
e e
$ ———=—====t
N Axonalni transport - Oxytocin pl > Reprodukce
o Tt Dren . Adrenalin Metabolizmus,

nadledvin

=:>
krevni ob&éh
gP —— Krevni obéh

Pankreas:

D-hormon

s ——>Vodni a iontové hosp.

D-burniky
A-bunky

B-buriky

Pristitna
teliska

Somatostatin  |P Metabolizmus
—— o>
GIUkagon ————= Metabolizmus
Inzulin =———> Metabolizmus
Parathormon

p_———.,—'>Vodm‘ a iontové hosp.

Kalcitonin

Ip:—_:>Vodni a iontové hosp.




Podndét

' ) Alk&ni potencial -
Efekio .
C:ldch ::Ms.,'L YT . Odpovéd
Podndét
edan Neurchormon 3
(::|.:||D\—a [ N .= -—— - — - - - - ] 'Eﬂ-ktnr Oepovéd
Podné Hormon
Cidlo e et - - - w Odpovéd
!

Padné\ [} h Hormon 1 Hormon 2
eurohor.
C:ldlaH CNS | Egg';';r-rﬁq_..eJ EQAOKN | e Efektor Odpovéd

Podné
a) Oadpoviec
Hypotalamus Adenohypofyza Periferni tkan Koneény Funkce
produkujici hormon hormon
P ap s
+ FSH Testes I Testosteron =—————> Zrani, reprodukce
Gn-Rh ap = g
LH Folikuly Estrogeny S| —— Zrani, reprodukce
- + Corpus lut. Progesteron ———— Zrani, reprodukce

L - >, I
| Dopamin " | t — | PRL pI 2 —2> Zrani, reprodukce
ap Tyroxin t
_/\ it Zioen Trijodtyronin =—————> Zrani, metabolizmus

5 | - P| ———— Zrani. metabolizmus.
\ e Somatomediny Yodni a iontové hosp.
) T Pl
SRH + STH ——> Zrani, metabolizmus
MRH D | m— racLs pl Tmavnuti kiize
—ll SR J ~ oboiZivelnik(
- Mineralokortikoidy | ————> VYodni a iontové hosp.
CRH B —— Kara .
— + ACTH hadladvin Glukokortikoidy -~ ll;/letab_uollbzl'rr‘l‘us,
= Androaenv S P qr,e)i'}' 9, ,e,, % g manass
%) Neurohypotyza —————— caiariil, ITPIUUURcLE
g Axonalni transport - ADH pl - Krevni obéh
P & i i
$ —m——————=—=====
E Axonalni transport - Oxytocin pl >~ Reprodukce
S T AR Dren Adrenalin_ Metabolizmus,
e S s o nadiedvin M ™ krevni ob&h

— e
Erytropoetin gP ———> Krevni obéh

Ledviny D-hormon s ———=Vodni a iontové hosp.

=

=8 Diir:]l;ryeas. Somatostatin |P_______, Metabolizmus

= A-burik Glukagon Metabolizmus

= -bunky & _ i

= B-buriky Inzulin =————2 Metabolizmus

S =

S suna Parathormon | ————=>Vodni a iontové hosp.
pn =

[
|
Stitna zlaza { Kalcitonin |p_t'>Vodni a iontové hosp.




- l AkEni potencial
i el Efe kio =
\kr_:udlo HL (::Ns,|i A eToneoron Odpovéd
FPodné&t
-1 MNeurchormon
Cidlo CNSJ —— - - o Efek‘torﬁ Odpoveéed
Podné&t AlkEni pot. Hormon [
- Endokr.
Cidlo NS Fla=a — iyt —2wd E fe kior, Odpoved
! MNeurchor.
Podné&t
Neurchor. Hormon 1 j Hormon 2
- h Endokr. : —
\ICidlo?—%r CHNS 1-—.-—0—*%' Eggcz";r g|éc2)ar Efektor Odpovéed
} i

Hypotalamus Adenohypofyza Periferni tkan Konecny Funkce
produkujici hormon hormon
ap [ s
p -
+ FSH Testes | Testosteron | =—————0> Zrani, reprodukce
I
Gn-Rh - o
- gap Folikuly [ Estrogeny S|=——=————==> Zrani, reprodukce
= ') e C——— Corpus lut. [~ Progesteron = Zrani, reprodukce
7' i, PR P > Zrani, reprodukce
= > Tyroxin t
TRH Plo— |t TSH 9P| c— Stitna zlaza 2 5
/\ = Trijodtyronin =——————=> Zrani, metabolizmus
SIH | Pl ———~ Zrani. metabolizmus.
\ / | Somatomediny Vodni a iontové hosp.

P '4 P

i
J

SRH + STH
MRH

Pj——=t msH P
[\ —— |~
CRH Plom—t| + ACTH P|o—

> Zrani, metabolizmus

Tmavnuti klize
oboizivelnikd
> Vodni a iontové hosp.

— -~ Metabolizmus,
krevni obéh

Mineralokortikoidy
Glukokortikoidy

Kara
nadledvin

Humoralni fizeni

Dren . |
nadledvin |

Noradrenalin

28 Neurohypofyza Androgerny = Zrani, reprodukce
g Axonalni transport - ADH pl = Krevni obéh

e e

$ ———=—====t

N Axonalni transport - Oxytocin pl . Reprodukce

T —_— - Adrenalin Metabolizmus,

t
_—t : S
l krevni ob&éh

Ledviny

Erytropoetin

Eel =———— Krevni obéh

Pankreas:

D-hormon

s —Vodni a iontové hosp.

Somatostatin
Glukagon
Inzulin

B . Metabolizmus
————— Metabolizmus
= > Metabolizmus

ristitna
I teéliska I
Stitna zlaza

Parathormon

FVodni a iontové hosp.

Kalcitonin

]FVodni a iontové hosp.




Podnét

| l ) Alké&ni potencial o
= e ket '
Sldlo CNS \ Motoneuron _ @ Cdpoved
P o dinét
o e -' HMeurohormon 1
\| ¢|d|oH (SNE= - |Ereito Odpovéd
Podné . Akénl pot. Hermoen
il o cns I - - . w _
DII NPT P - Odpovéad
FPodndé
Neurohor. Horman 1 Hormon 2
Endokr. Endolkr.| _ .
NE"“H CSNS | Zlaza Zlaza - JE"'“‘“'- Odpovéd
Podné
a) Odpoved

. Axonalni transport - ADH p'l > Krevni obéh

Axonalni transport - Oxytocin p' >~ Reprodukce

Dren _ [ Adrenalin. t Metabolizmus,
nadledvin | Noradrenalin | = [revni ob&h

I —— — | — — — f e T T T (V— S— -_ = _h
I Ledviny Erytropoetin gP ————==> Krevni obé

l D-hormon s ——=Vodni a iontové hosp.

Rizeno CNS

Pankreas:

| izeni

Somatostatin |P i
D-bunky —_— Metabolizmus

A-burnky GIUkagon —————> Metabolizmus
B-bunky Inzulin =———> Metabolizmus

tré'ﬁ'ts';t(naa i Parathormon p_—_—:>Vodni a iontové hosp.
{ Kalcitonin lp__4_:>Vodni a iontové hosp.

‘v

Humoraln

Hypotalamus Adenohypofyza Periferni tkan Konecny Funkce
produkujici hormon hormon
p gap [ s
+ FSH Testes Testosteron =———> Zrani, reprodukce
Gn-Rh ap - e
CEl Folikuly Estrogeny S| =———=> Zrani, reprodukce
+ L.,
- t Corpus lut. Progesteron =—————2 Zrani, reprodukce
7' L B » —> Zrani, reprodukce
= > Tyroxin t
TRH Plo———| * TSH IP|a——| Stitna zlaza 2 ;
/\ = Trijodtyronin =——————=> Zrani, metabolizmus
SIH P | i P| =————o Zrani. metabolizmus.
_ \ / | Somatomediny Vodni a iontové hosp.
SRH P| 7l ; STH pl —5> Zrani, metabolizmus
P IH —] oboizivelnikd
3 Mineralokortikoidy | ————> Vodni a iontové hosp.
CRH P P Kara ;
— |+ ACTH ——r— nadledvin Glukokortikoidy m:t{;::?%;)zér?‘us_
Neurohypofyza Andrsaeny. =———> Zrani, reprodukce




/ Psychogenic stimuli
.\‘\ @ Paraventricular nucleus
) of hypothalamus {site of
Oxytocin '}@ YPQ

TiRrates oxmodn production)
along
nerve 4

l“
. j” A I"
" fibers '3 .i . S
@ fi {or <
) v J
N

Oxytocin — stahy hladké svaloviny

Oxytocin picked
up by capillaries of
posterior lobe

Prolactin stimulates
milk production in
endocrinologically

L prepared breast

Oxytocin causes
milk expulsion

Afferent impulses
from nipple

——

Alferent impulses from
cervical dilation or
vaginal stimulation

——



- l AkEni potencial
i el Efe kio =
\kr_:udlo HL (::Ns,|i A eToneoron Odpovéd
FPodné&t
-1 MNeurchormon
Cidlo CNSJ —— - - o Efek‘torﬁ Odpoveéed
Podné&t AlkEni pot. Hormon [
- Endokr.
Cidlo NS Fla=a — iyt —2wd E fe kior, Odpoved
! MNeurchor.
Podné&t
Neurchor. Hormon 1 j Hormon 2
- h Endokr. : —
\ICidlo?—%r CHNS 1-—.-—0—*%' Eggcz";r g|éc2)ar Efektor Odpovéed
} i

Hypotalamus Adenohypofyza Periferni tkan Konecny Funkce
produkujici hormon hormon
ap [ s
p -
+ FSH Testes | Testosteron | =—————0> Zrani, reprodukce
I
Gn-Rh - o
- gap Folikuly [ Estrogeny S|=——=————==> Zrani, reprodukce
= ') e C——— Corpus lut. [~ Progesteron = Zrani, reprodukce
7' i, PR P > Zrani, reprodukce
= > Tyroxin t
TRH Plo— |t TSH 9P| c— Stitna zlaza 2 5
/\ = Trijodtyronin =——————=> Zrani, metabolizmus
SIH | Pl ———~ Zrani. metabolizmus.
\ / | Somatomediny Vodni a iontové hosp.

P '4 P

i
J

SRH + STH
MRH

Pj——=t msH P
[\ —— |~
CRH Plom—t| + ACTH P|o—

> Zrani, metabolizmus

Tmavnuti klize
oboizivelnikd
> Vodni a iontové hosp.

— -~ Metabolizmus,
krevni obéh

Mineralokortikoidy
Glukokortikoidy

Kara
nadledvin

Humoralni fizeni

Dren . |
nadledvin |

Noradrenalin

28 Neurohypofyza Androgerny = Zrani, reprodukce
g Axonalni transport - ADH pl = Krevni obéh

e e

$ ———=—====t

N Axonalni transport - Oxytocin pl . Reprodukce

T —_— - Adrenalin Metabolizmus,

t
_—t : S
l krevni ob&éh

Ledviny

Erytropoetin

Eel =———— Krevni obéh

Pankreas:

D-hormon

s —Vodni a iontové hosp.

Somatostatin
Glukagon
Inzulin

B . Metabolizmus
————— Metabolizmus
= > Metabolizmus

ristitna
I teéliska I
Stitna zlaza

Parathormon

FVodni a iontové hosp.

Kalcitonin

]FVodni a iontové hosp.




glykemie klesa pod
normani hodnotu

i | ------- '... 5 mmol/l
izl j
[ /
A “
! :
! .
J - v
.,vpfigkﬁ% ~ .
"4- e~ _‘,\
l““‘v-»‘{'l 8- ! $ )
G @ “fa >
-buiik ~—
NS _y‘, i CZ; nadledvin
S\i‘é{\ /
FSL i 2 hypotc}zlamus
z 18 adrenalin ——@
~ E "\\»__//
1
i
] /—)
1
| /
]
t ACTH
i
]
]
; X s
e,
! kdra Y
v ‘V_~ nadledvin _§
/' ~ 2
[ \ 1
glukagon {\ inzulin l) kortiziol 2
\ 4
g -
stimuluj I
inhibuje —T--- ----]-
33dna stimulace \ j/
23adné inhibice \\

fuisi ¥

N

\

= m e |

N\

/
’

glykemie se normalizuje

C. Uéinky hormoni na metabolismus sacharid( a tuka

hormon inzulin glukagon adrenalin kortizol
funkce sytost -«—— pufr — hlad poplach, ndmaha pohotovost
3 glukéza svaly, svaly,
glykem‘e Stoup tiiem do bunk luko:lé svaly —wkm'lé
normalni hodd P o tké 17 s
| ooz + — + -—
==~] glukoneogeneze (jatra) — - - -
\\../) glykogen Ll jétra ’;f,‘;; jatca
tvorba == odbourdvani <y— —_— -<—
tuk Jétra, tukovs tukova tukové
tukovd tka tkanh tkan tkad
tvorba “#— odbouravénf - o — i
é »> i
1
1
1
’l
\
\\ \ o ”
Hormonalni regulace Glc
fadrenalin) > 0 g
\\ ’I ’
ACTH Adepohyquiza Neurohypofﬁza
Kortikotropin ACTH | Oxytocin
e /0 Folitropin FSH Adiuretin ADH
N\ .
. LY STH Lutropin LH
£ Melanotropin MSH
g Y Somatotropin STH
v ;i -§ Tyrotrapin TSH
’ .
K £ Prolakiin PRL
{\ kortizo £
\

Y \
i ilglukagon; inzulin
VoA /

il
A4

|
)




Inzulinova signalizace
Vysilaci strana — B bunky pankreatu

ATP signal - Depolarizace otevira Ca kanal Ca spusti exocytozu
vezikul s inzulinem

Glucose
GLUT2 i
transporter
N
(RRNRRRRRRERRUNT f 3 'wmm RRKERRURR nuuwuu.,.u.u'[ ATt T  ~tvmnnmnuu-xunrww'mmwml«%i‘ 11
UEEUUEER LRy 3 T oo A A TEE h At fea g : -
LR - RRRRLARRRR R R R Y L-’”/,’,._, ALLEEEREERER IS '“U’?P“M..l.’i"f'.’J:‘JD.‘.‘.’:.‘.’”’ LEERRESIETIIIY

» Ndandosswy » u - » »
'a-Mx' 1?1»”1'5?)37”4 C”””Nﬁ MMMN.M l:;;:h?”‘:’x:
4 :4(1!!115!

!P?fﬁ(!!llr?knhhhiWU”ﬂﬂ 9




Inzulinova
signalizace
Prijimaci strana:

Intenzivné zkoumané
bludisté

Glc transportér se
zabuduje do
membrany

Insulin Receptor

SNARE ‘ TNF
Glucose Complex ‘ v -
'.. GLUT4 ainde l i
: Flomlin PTEN ¢/  (PISK )3 - —— i
3 NG A .
| /‘\sm;_p.- g o Y ' pii0 \_‘ ¢£ | ‘R $0CSd E
: Ar 8 ?iﬂ SHIP ™| % Jop, SHP2 A ] "* p‘rma
5 S ‘ | | GRBZ ch
E Tre m:;lc- -dhO n TC10 < C3G EHD‘ [ : '. ~ ji: |RS-1 Crk \
: c|p4/2 / EHBPY J / PKCWLE .
Y " / . p70-" \
‘ ASIP PDK 15> gﬁK-
v iF i 1\ cnBER enew, l
GLUT4 <« «— PKCWLE SINT mTOR! IKK ,
vesicle { e, - Ras

Akt ) _

i =~ ~({NoS l

/ v ATPE S ATP/ c-Raf!
"W @ Nutrignts Gpl N}%mmxs
I -kqpl mTOR l
{ oA LKB1 ot
\ > @ MEK1/2
PKA AMPK’ l
: wd dE0PY
) &Ep-> |$ > Lu !lsic Erk
g % ) i et @IFAE :
'.~.‘ Glycogen l :‘
*.. Synthesis §
+ N Fatty Acid \ Protein ;
Sodium Synthesis Synthesls
Transport ~. ’
C,!\op\asm '«\ “ ‘ ‘c* S &

(sGK Akt ) Erk ) <

i 1 I ™ 3
g JCERT,
Y

Apoptosis <— Transcription Transcripion —3= Growth




Eat a meal

Inzulinova signalizace

celkove rizeni l
i Glucose Stretch
receptors in receptors in
Blood the digestive the digestive
. s T glucose tract tract
Priklad nekolikanasobné |
kontroly: © / ¥ |
Negative ©) o CC
1- smycka 1. fadu (bez n.s.) feedback o
2- smycka 2. radu (bez n.s.)
3- smycka 1. radu - nervova v
v /r .
B E— ____"Yrintegrating
Pancreas v ~ -'»-'l,-‘[“ i
Secretes
Y
¢ o ¢ Insulin
o

- - = -4 Target organs




Diabetes mellitus typ |

Viral infection Autoimmune disease

? disposition ?

12

TYPE | | | Destruction of beta cells

10% =
of all , ) _ Beta cells
diabetics Ve (pancreas)

< -

v

Absolute
insulin deficiency

v

Lipolysisf  Hyperglycemia Frotein t

breakdown




Diabetes mellitus typ Il

Familial Substrate uptake 4
disposition Substrate consumption

Lipolysisi/_\ Fatty acids ¢

/ Obesity \
b | Ketone bodiesf

90 % g Insulin lm « Target cell l ¢

of all *

diabetics P s
Insulin insensitivity

: &),
Relative —
Insulin deficiency

V

Hyperglycemia




- l AkEni potencial
i el Efe kio =
\kr_:udlo HL (::Ns,|i A eToneoron Odpovéd
FPodné&t
-1 MNeurchormon
Cidlo CNSJ —— - - o Efek‘torﬁ Odpoveéed
Podné&t AlkEni pot. Hormon [
- Endokr.
Cidlo NS Fla=a — iyt —2wd E fe kior, Odpoved
! MNeurchor.
Podné&t
Neurchor. Hormon 1 j Hormon 2
- h Endokr. : —
\ICidlo?—%r CHNS 1-—.-—0—*%' Eggcz";r g|éc2)ar Efektor Odpovéed
} i

Hypotalamus Adenohypofyza Periferni tkan Konecny Funkce
produkujici hormon hormon
ap [ s
p -
+ FSH Testes | Testosteron | =—————0> Zrani, reprodukce
I
Gn-Rh - o
- gap Folikuly [ Estrogeny S|=——=————==> Zrani, reprodukce
= ') e C——— Corpus lut. [~ Progesteron = Zrani, reprodukce
7' i, PR P > Zrani, reprodukce
= > Tyroxin t
TRH Plo— |t TSH 9P| c— Stitna zlaza 2 5
/\ = Trijodtyronin =——————=> Zrani, metabolizmus
SIH | Pl ———~ Zrani. metabolizmus.
\ / | Somatomediny Vodni a iontové hosp.

P '4 P

i
J

SRH + STH
MRH

Pj——=t msH P
[\ —— |~
CRH Plom—t| + ACTH P|o—

> Zrani, metabolizmus

Tmavnuti klize
oboizivelnikd
> Vodni a iontové hosp.

— -~ Metabolizmus,
krevni obéh

Mineralokortikoidy
Glukokortikoidy

Kara
nadledvin

Humoralni fizeni

Dren . |
nadledvin |

Noradrenalin

28 Neurohypofyza Androgerny = Zrani, reprodukce
g Axonalni transport - ADH pl = Krevni obéh

e e

$ ———=—====t

N Axonalni transport - Oxytocin pl . Reprodukce

T —_— - Adrenalin Metabolizmus,

t
_—t : S
l krevni ob&éh

Ledviny

Erytropoetin

Eel =———— Krevni obéh

Pankreas:

D-hormon

s —Vodni a iontové hosp.

Somatostatin
Glukagon
Inzulin

B . Metabolizmus
————— Metabolizmus
= > Metabolizmus

ristitna
I teéliska I
Stitna zlaza

Parathormon

FVodni a iontové hosp.

Kalcitonin

]FVodni a iontové hosp.




Hormonalni regulace Ca?* v krvi

hladina ionizovaného Ca?* hiadina ionizovaného Ca?* v séru
v séru klesa pod normalni hodnotu ~_ _pr  stoupad nad normaini hodnotu s
i > ; neucinny
p.rllstl:tna "“'""""’ ™~ ~ ~ '““*“""" 24,25-(OH),-
ot ~ cholekalciferol
c320- caZO F o~ ?
S | = \
~ I I _____,.-"7 : =
]
PTH I | $titnd zlaza PTH !
(C-buriky) !
I | Y p \
L I | "4
kalcitriol | kalcitonin Y Crennnen kalcitriol
’ I J
7 7
y U 4 \5 / ;
V) Vv potraveé | bt b4
/, I Ca) y KOSTI =
| | Kiadsni Care | ; 3
5
demine- | | R L /,% ‘
ralizace sitevo 11 ‘R | ¢ & | 3
Cay 4 ) l I resorpce Ca2* &
\ " P | 6 Klesa ( \
3 , 4 S » ,
H e 3 l I . Ca? ‘ )
snizené vylucovani Ca?* ;5;‘;2;‘: F | | . {
luovani PO, zvys i - @ lu¢ovani Ca**je zvyseno -
s i * f I l gyluéovéni PO.{}kleg) PRSomae
—3] inhibuje
~— l | -==» nestimuluje
hladiqa ionizovaného.Caz’ A R LS eSS e e i hladin_a ionizovanéi'wo'Caz’ -=3| neinhibuje
v séru se normalizuje * 1 mmol ionizovaného Ca’* = 2 mval Ca?* = 40 mg Ca®* vséru se normalizuje —Pp vydej, piijem




Dfen nadledvin je modifikovana Cast
sympatického nervoveho systemu

Funkce

Hypotalamus Adenochypofyza Penferni tkan Koneény
produkujici hormon hormon
ol gp s
+ FSH Testes Testosteron | == Ztdni
Gn-Rh —
vii ap Folikuly Estrogeny °
- N | COTPUS UL " Progesteron | > Zrani,
t - P ) '
| Dopamin I—/."'" . PRU J— —
f — == T Tyroxm !
Gp » y
TRH "]—o(‘_’ TSH ]—. Stitn3 21420 Tiodeyvonin

)
i

)
Somatomediny

=0 Zrani

— . Zrani

Vodni a iontové hosp.

. SiH 9'/ Jatra
;\([ — pl/’j

SRH DI

> Zrdni, metabolizmus
Pl s ] T i
f - Mineralokertikoidy | === Vodni a iontové hosp.
CRH "l PI Kara Mine Y
— |+ ACTH —— e Glukokortikoidy | = kM(:::‘b‘o;gg‘us
(£ Naurnhunatiza A,n,d,tw,.ny == Zrani. reprodukce
(a) Axondlni transport - ADH pl > Krevni obéh
g oo aidroderiin ol
g L Axonalni transport - Oxytocin p! » Reprodukce
“““““ l Dien | Adrenabn |t Metabolizmus,
________________ | nadiedvin —— e Noradrenalin _ > kravni obéh
[ Erytropoetin  |9P =2 Krevni obéh
—_————
e Lodviny | D-hormon  |s  =——=DbVodni a lontové hosp.
c
8 ; Diar}kreas Somatostatin |P___, Metabolizmus
- | D-buf
; @ A.buh:; G'“"f“"“ ———~, Metabolizmus
- SH B-budiky Inzulin =———5 Metabolizmus
g PIEn |
-
i

FIShing
téliska |

| Stitna 2laza

i

Kalcitonn

Parathormon ?Vodnl a lontové hosp.

— Z1dni,

> Zrani,

p:'>vodni a

, reprodukce

reprodukce

reprodukce

reprodukce

, metabolizmus

metabolizmus

iontové hosp

. Spinal cord.

Sympathetic
preganglionic
fiber

Adrenal
medulla

Sympathetic
postganglionic

o receptors B, receptors B, receptors

Target organs

o = Acetylcholine e = Norepinephrine e = Epinephrine




Hormony
kdry nadledvin

— e

stres

sympatikus

—_—

r

R

angiotenzin |l

hyperkalemie

~
3

>
=

-

=
o
=
> 2
o

®

Q.

=

=

—
7

CRH

hypotalamus
’,

.

le

negativni zpétna vazba

NS

5

adrenalin stimuluje

N

adenohypofyza

uvolnovani ACTH

ACTH &

mineralo-
kortikoidy B cctere
zonda glomerulosa 3
kortizol
gluko- _
kortikoi rtizol
kortikoidy kortizo o |
2 transkortin
zona fascic ulata
anabolické :E
a pohlavni | 13
hormony 3 g‘ 1—%
y : 23
zona reticularis 9|2
A =
2 5
. -
adrenalin <

>

o
=7
©
=2
=
(=
=
©
o
=5
=)

noradrenalin

/\/ 3, nad-
"\, ledviny
7 ledviny

.

N

>



404

Sympathetic
activation
(norepinephrine
and epinophrine)

R = .
I ' Somalosbern SRH Tyrotrogin TSH

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

CHAPTER 14

Seconds

} / Glucocorticoids
l \ Inhibit TSH

Hormonalni reakce

na stres

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

Amygdala and hippocampus:
form memories of emotionally
charged events

Seconds
Hypotalamus: Adenchypofyza Neurohypofyza
Kortikoliberin CRH Kortikctrogin ACTH Oyytocin
Gonadolibenn Gn-RH Folitropin FSH Adiuretin ADH
Melanolibenn MRH Lutrogin LH

Melancetatin MIH Malanotropin MSH

Prolaktostatin =Dopamin | PIH Somatotropin STH

Somatostatin SIH Proksktin PRL
Tyreoliberin TRH

/\QTH

~1 hour

Enhance

Oppose actions
of insulin gonadotropins,
Muscle/bone GH

protein catabolism

}

Qe Amino acids

Liver

Fat catabohsm
g_,lmoneogL nesis :

Free fattv acids

(zlucose
and glynerol




- l AkEni potencial
i el Efe kio =
\kr_:udlo HL (::Ns,|i A eToneoron Odpovéd
FPodné&t
-1 MNeurchormon
Cidlo CNSJ —— - - o Efek‘torﬁ Odpoveéed
Podné&t AlkEni pot. Hormon [
- Endokr.
Cidlo NS Fla=a — iyt —2wd E fe kior, Odpoved
! MNeurchor.
Podné&t
Neurchor. Hormon 1 ; Hormon 2
— ] Endokr. : =2 P
\ICidlo?—%r CHNS 1-—.-—0—*%' Eggcz";r g|éc2)ar Efekior Odpoved
} i

Hypotalamus Adenohypofyza Periferni tkan Konecny Funkce
produkujici hormon hormon
P ap s
+ FSH TeSteS I Testosteron = Zrani, reprodukce
Gn-Rh ap - .
e Folikuly Estrogeny S| ——= Zrani, reprodukce
+ i
- Corpus lut. Progesteron ———— Zrani, reprodukce
| Dopamin | t —i . PRL pI —2> Zrani, reprodukce
Tyroxin t
+ TSH IP| e | Stitna Zlaza x z
_/\ Trijodtyronin > Zrani, metabolizmus
SIH | - P| ———— Zrani. metabolizmus.
_ / | Somatomediny Yodni a iontové hosp.

SRH |

—> Zrani, metabolizmus

i fizeni

‘v

Humoraln

Stitna Zlaza

Ledviny

Noradrenalin

Erytropoetin

MRH —-| 4+ paco P __ Tmavnuti kize
g oms j ~ oboizivelnika
P Kuara Mineralokortikoidy | ————> Vodni a i.ontové hosp.
— O ey 25
* AcTH nadledvin Glukokortikoidy | ———=> Metabolizmus,
%) Neurohypotyza Androgeny ——————— Ziariii, iepiodunce
g Axonalni transport - ADH pl = Krevni obéh
P & i i
$ —m——————=—=====
N Axonalni transport - Oxytocin pl > Reprodukce
s === Dren Adrenalin Metabolizmus,
nadledvin

=:>
krevni ob&éh
gP —— Krevni obéh

Pankreas:

D-hormon

s ——>Vodni a iontové hosp.

D-bunky
A-bunky

B-buriky

Pristitna
teliska

Somatostatin  |P Metabolizmus
—— o~
Glukagon ———— Metabolizmus
Inzulin = Metabolizmus
Parathormon

r—__—>Vodni a iontové hosp.

Kalcitonin

]p__4_:>Vodni a iontové hosp.




Hospodareni solemi a vodou

s/ Vasopressin

Vasopressin binds
G-protein-linked receptor.

=
L

Hormony snizujici
diurézu pri nedostatku =
vody:

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

e
—©

ADH (Vasopressin) —
vklada aquaporiny do
membrany sberneho
kanalku

Phosphorylation of cytoskeletal
and vesicle proteins occurs.

=)

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

—®;

Nucieus

(a) Vasopressin

Aldosteron — fidi
syntézu a vlozeni
transportéru

Na+ do membrany
tubulu

Aldosterone enters the cell
by diffusion.

@— Aldosterone

O,

It binds to its receptor, a
transcription factor.

.

)

3) Activated transcription factor
stimulates transcription of
genes for transporters.

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

{}

Vesicles containing proteins
are sent to the plasma
membrane.

—®




nedostatek vody nadbytek vody
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nedostatku soli.

> 4
" resorpce <€ > resorgce{

H;0 zadni lalok H,
f » hypofyzy / ’

ADH — propustnost sbé&rného y W 3
ka nél ku Klesa vyluéovani vody oD

Aldosteron — zpétna resorbce nedostatek soli nadbytek soli

osmolalita ‘ osmolalita 4

Na+ lADH 1 =) lADH $

vodni diuréza gz Zizen retence vody

ANP — atriovy natriureticky p. | J ¥t

Pfi nadmérném napéti ze svaloviny pfedsini, objemplazmy 4 > Engiotenziiiigy €=~ objem plazmy 4

a krevni tlak

v

tlak v sinich f

a krevni tlak

pfi velkém objemu a tlaku. Podporuje diurézu.

!

aldosteron  je—0

- 4
resorpce 4
)‘ Na ‘ nadledvin

—

klesa  vyluéovanisoliavody: stoupa



aldosterone system Distal Nephron of kidney
e and low blood tubule
lead to the produc-
bf aldosterone from
cells secrete renin in
bf the afferent arteri-
re) and to sympa-
verting enzyme.

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

1__Collecting duct

Renin-Angiotenzinovy
Sst.
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juxtaglomerularniho e <
aparatu vhodna pro Disal 4

tubule

kontrolu slozeni modi i
odesilani endokrinnich
signald.

Macula densa cells
secrete paracrines
that inhibit renin
secretion when blood
pressure is high.

Renin aktivuje
angiotenzin. Ten ma fadu

- o v ir s v INP secretion. densa
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blood pressure is low.
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Acute heart failure Hormonal causes Volume deficit
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» Signal
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Souhra hormonalnich a neuralnich salwi*.vsis* <o BT
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sympathetic system
Adrenal
medulla

Re-
absorption
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Tyroxin — ucinky
Tyroxin konvertovan
na 3 | tyronin

Zvysuje
metabolismus

Cell mcmbranc
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} Mitochondria

1 NaK=ATPase
$ Other enzymes
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t O, consumption
1 Me:abolic rate

{1 Respiratory enzymes
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Whole Body Effects

v
Normal growth
and development

Bones Central nervous system 1 CO, f Cardiac output

? Ventilation

f Urea
f Renal function




(b) Internal organs (frontal view)

Hormonalni regulace zrani
samicich
pohlavnich bunek

Fimbriae

Uterus

Vagina

Granulosa cells
Antrum

(¢) Ovary Theca cells

Dominant follicle
Primary oocyte in

Primarv )
’ cumulus oophorus

Artery,  follicles

SN,

Zona
pellucida
QOvulated
secondary
oocvie
Degenerating :
corpus luteum Ruptured

follicle
Mature corpus luteum



Hormonalni regulace samicich
pohlavnich bunék
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Hormonalni regulace zrani
samicich
pohlavnich bunék

Souhra adenohypofyzy a folikull
pripravuje délohu na pfijeti vajiCka

A. Menstrual cycle
208 e

Anterior

pituitary Ovulation
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O Ovum

Follicle Dominant Rupture of follicle
selection  follicle {ovulation)

5 Discharge

Ovarian follicle
development

Regeneration

Endometrium

T

1
Menstruation

Follicular phase

Day 28

/N /\/VWW\/\/W

21 Day 28
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Corpus Degenerating
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Zrani folikulu

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

basal

) theca lamina , . corpus
primary oocyte ...  cortical oz A
arrested in granules

prophase |

/.‘:-;‘.- slere . ! ; i f - antrum
., .-.', i .. 2 g 3
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o J/ FSH surge e it FSH + LH

follicle cells N D00 granulosa induces surge
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zona pellucida  <ells 10-12 antral : maturation

primary oocyte follicles, one S meas and
of which ovulation
dominates surface of of dominant
ovary oocyte
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secondary oocyte

PRIMORDIAL DEVELOPING
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Hormonalni regulace samicich

pohlavnich bunék — zpétné vazby

(a) Follicular phase (b) Just before ovulation (¢) Luteal phase

Hypothalamus

GnRH

Anterior—__
pituitary

Mature
folliclg...

Theca cells
Estrogen and

Granulosa -. D '
cells T \_Androgens Inhibin progesterone

. / 1
Developing #\¢
follicle "

Inhibin
Estrogen Estrogen Corpus ~~
(low blood levels) (high blood levels) luteum

Pred ovulaci pozitivni, po ovulaci negativni zpétna vazba => Zanik Corpus luteum



HCG z placenty
UerII ZT a tl’m (a) Early development
zastavi cyklus

2-cell stage

Figure 15.11 From fertilization to implan-
tation (a) Fertilization occurs in the ampulla
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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Uterus Morula pellucida

First mitosis
Ampulla
region

Oviduct

Fertilization

Blastocyst

Early stage of
implantation

(b) Implantation of the blastocyst

/ Endometrium
Maternal =

Ovulation

Fimbriae

i1 ! Lumen
(c) The placenta capi ar)’\ " Blastocyst of uterus
To fetus :
From fetus From fetus Blastocoel
Umbilical arteries (from fetus) The inner cell mass will
I Umbilical vein (to fetus) give rise to the embryo. The trophoblast will
. \\_:’__—____3\ A P give rise to the chorion.
N - - ‘ mnion 4

Implantation is

Chorionic ) complete when the
villus Chorion (fetal & T\ A blastocyst is buried
portion of —~ in the endometrium.
placenta)
«——Trophoblast Amnioni
cells cavity
Maternal portion Developing Skl 4
To of placenta embryo A Yl
mother
From Maternal vein
mother Maternal artery




Hormonalni regulace testikularni
sekrece

Anterior pituitary

LH-secreting
cells

FSH-secreting

|
I
cells {




Hormonalni regulace vzniku samcich pohlavnich bunék

Vyziva spermii
Sertoli cell

{h) Seminiferous tubules
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_( The locus ceruleus is a
nucleus of noradrenergic
neurons that are
important in maintaining
attention and responding
| to novel stimuli.

Propojeni hormonalniho
fizeni a imunitniho sst.

.

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

ACTH
Cytokines
Glucocorticoids Cytokines secreted by
Adrenal gland cells of the immune
| system stimulate the
@ release of CRH.
Glucocorticoids ¥y

modulate the immune oa
response by muting
the actions that cause

inflammation.

Immune cells




