Endokrinni soustavy

Major endocrine glands:

Hypothalamus

Pineal gland —
Pituitary gland—
Thyroid gland —L = endocrine cells:

Parathyroid glands—— " Thymus
" \ _—Heart

- Liver
Adrenal —_ =

glands < | -. | _—Stomach

Kidney

Kidney—1 | [ =1 ————Small
S k) intestine

Ovaries—I__J | @A (Y| Y I




(a) Neuron
" Stimulus induces - Secretion follows
(1) permeability (1) depolarization
increase | - (2) permeability

Rozdily mezi nervovou a

(2) Na*, Ca2* influx | increase endokrinni bunkou

(3) depolarization |  (8) Ca?* influx

Postsynaptic cell

(b) Neurosecretory cell

(c) Simple endocrine cell
Capillary




(a)
Autocrine action Paracrine action

Ruzné zpusoby endokrinni
komunikace mezi bunkami

Neuroendocrine

action ‘ ) i Q )

o
\ «)n: z\g

Endocrine action

@/

Bloodstre:

N

molecules

e

s Target
o o ...

Pheromone




(a) Exocrine glands

¢

Blood

Primary fluid

(ions + water) ¢

Secretory
tissue

Acinus

Secretion

(b) Endocrine glands

Endocrine
tissue

Vesicles

Exocytosis

lon transport

Reabsorption
of ions

Exocytosis

Vesicles

Srovnani exokrinni a
endokrinni zlazy



Chemickeé slozeni hormonu

O
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Figure 9-11  Most hormones belong to one of four whereas steroid hormones and eicosanoids such as
structural categories. Amine hormones (with the exception of prostaglandins are lipid-soluble.

thyroid hormones) and peptide hormones are lipid-insoluble,
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Figure 9-2  Secretory proteins are synthesized in the rough
endoplasmic reticulum, transferred in vesicles to the Golgi
complex, and from there move to the apical surface. After the
proteins are concentrated in secretory vesicles, the vesicles
move to and fuse with the apical plasma membrane,
discharging their contents into the lumen of the gland by
exocytosis.
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Figure 3.4 Synthesis of peptide hormones further processing and sorting. In the Golgi apparatus, the
Peptide hormones are synthesized by ribosomes on the rough prohormone is packaged into secretory vesicles, where it is
endoplasmic reticulum, often as large preprohormones. The cleaved into active hormone and one or more peptide fragments.
preprohormone enters the rough endoplasmic reticulum, where The secretory vesicle fuses with the plasma membrane,

the signal sequence is cleaved off. The resulting prohormone is releasing its contents by exocytosis.

packaged into vesicles that move to the Golgi apparatus for
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Figure 3.17 Signal transduction by intracellular receptors
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Mechanismus pusobeni hydrofilnich hormonu
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(A) receptory spojené s iontovym kanalem

° ,
* . plasmaticka o.>|onty

° ® membrana

signalni molekula

(B} receptory vazané na G-protein

signalni molekula

aktivovany aktivovny
enzym G-protein enzym

(C) receptory vazané na enzym

signalni
molekula jako (=

dimer

neaktivni aktivni

katalyticka doména katalytickda doména m

Obrazek 15-12 T¥i tfidy povrchovych
bunécénych receptort. (A) Receptor
spojeny s iontovym kanalem se otevira
(nebo zavird) v odpovéd na navazani
svého ligandu. (B) KdyZ receptor spojeny
s G-proteinem navaze svuj ligand, je
signdl nejprve predan GTP-vazajicimu
proteinu (G-proteinu), ktery se spoji

s receptorem. Potom tento protein
receptor opusti a aktivuje cilovy enzym
(nebo iontovy kanal) v plasmatické
membréané. Pro jednoduchost je zde G-
protein ukazan jako jedina molekula; jak
uvidime, jde ve skutec¢nosti o komplex tfi
podjednotek, které mohou disociovat.
(C) Receptor spojeny s enzymem vaze
svilj extracelularni ligand a pritom
aktivuje enzym na druhém konci
receptoru, na opacné strané membrany.
Ve vsech trech pripadech navazani
signdlni molekuly zptisobi v receptoru
se zpravou, aniz by samotna signalni
molekula musela vstoupit do bunky.
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EXTRACELULARNI
PROSTOR

plasmaticka
membrana

Obrazek 15-14 Schéma receptoru spojeného
s G-proteinem. Cytoplasmatické c¢asti

receptoru, které jsou hlavné zodpovédné za
vazbu ke G-proteinu, jsou ukazany oranzove.
Receptory, které vazou proteinové signalni
molekuly, maji vné buriky velkou doménu
vazajici ligandy, tvofenou casti
polypeptidového fetézce, ktery je na obrazku
svétle zelené. Receptory pro malé signalni
molekuly, jako napf. pro adrenalin, v§ak maji
malé extracelularni domény; vazebné misto
pro ligand je ¢asto tvofeno hluboko

v membrané ¢astmi transmembranovych
segmentu (na obrazku nejsou videét).
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Obrazek 15-15 G-proteiny se pri aktivaci
rozpadaji na dva signalni proteiny.

(A) V nestimulovaném stavu jsou receptor
i G-protein inaktivni a pravdépodobné se
ani nedotykaji. (B) Aktivace receptoru
extracelularni signdlni molekulou umozni
G-proteinu spojit se s receptorem.

(C) Navazani aktivovaného receptoru
umozni a-podjednotce G-proteinu
vymeénit sviij GDP za GTP. To zptisobi
rozpad G-proteinu na aktivovanou
podjednotku o a na komplex By, které
difunduji podél cytoplasmatického povrchu
plasmatické membrany, dokud nenajdou
své cilové proteiny, jak je vidét na obr. 15-
16. Receptor zlistava aktivni, dokud je

k nému navazana externi signalni molekula,
a muze takto katalyzovat aktivaci stovek Ci
tisict molekul G-proteinu.
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Obrazek 15-16 o-Podjednotka G-proteinu
se sama deaktivuje hydrolyzou svého GTP.
Kdyz aktivovand o-podjednotka najde

a navaze svij cilovy protein, aktivuje ho
(nebo v nékterych pripadech deaktivuje;
na obréazku tato moznost neni naznacena)
na celou dobu, po kterou oba proteiny
zastanou spolu. Po nékolika sekundéch je
GTP vazany na a-podjednotce GTPazovou
aktivitou této podjednotky hydrolyzovan
na GDP. To inaktivuje a-podjednotku,
ktera se oddéli od svého cilového proteinu
a znovu se spoji s komplexem By za
opétného vzniku neaktivniho G-proteinu.
G-Protein je nyni pripraven spojit se

s dal$im receptorem, jako na obrazku 15-
15B. Jak aktivovana podjednotka o (jak je

ukazano) tak volny komplex By mohou
regulovat cilové proteiny.
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Pusobeni hydrofilnich hormonu signalni draha aktivovana
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Kalmodulin a jeho interakce s vapenatymi ionty

Figure 9-26  Calmodulin, a cytosolic protein with four
Ca?* binding sites, forms the basis of the Ca?*/calmodulin
complex, an important intracellular regulator. (@) Amino acid
sequence of the Ca?* binding site at the C-terminus of
calmodulin. Each binding site contains aspartate, glutamate,
and asparagine residues, shown in red, whose side chains
form ionic bonds with a Ca?* ion, forming a loop in the
backbone. Other binding sites also contain threonine and
serine residues, whose side-chain oxygen atoms also associat
with the Ca?* ion. (b) Model of the calmodulin molecule wit
four bound Ca?* ions (green spheres). (c) Conformational
change induced in calmodulin bound to protein (red) when
all four Ca?* binding sites are occupied. [Part a adapted from
Lodish et al., 1995; parts b and ¢ from Nelson and Cox,
2000.]
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do cele rady

Phosphorylase \ T / Phospholipases prOCQSﬁ

kinase \ /

Guanylate Calcium
Lo E e Al
cyclase . Calmodulin pumps

Ca?*-dependent / \ Microtubule

protein kinasel, I / l \ disassembly?

) Membrane
Neurotransmitter b SRS
release? . Others P FIREY

Figure 9-27 Ca**/calmodulin regulates many processes
and enzymes within cells. Among these are adenylate
cyclase and guanylate cyclase, which catalyze formation of
the cyclic nucleotide second messengers. [Adapted from

Cheung, 1979.]
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Figure 9-22  Epinephrine and glucagon stimulate
breakdown of glycogen to glucose (glycogenolysis) in

muscle and liver, respectively. When epinephrine binds to
B-adrenoreceptors it triggers a sequence of reactions in which
several enzymes are converted from an inactive to an active
form. As a result of this enzyme cascade, the original signal is
greatly amplified. [From Nelson and Cox, 2000]
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kaskadovitého pusobeni
hormonu
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Hormonalni soustava korysu
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Hormonalni soustava hmyzu

BRAIN
(neurosecretory cells)

Corpus Storage of PTTH

cardiacum

Corpus
allatum

PTTH stimulates
Neurosecretory cells

Low concentration of JH
causes pupation

+ ec

High concentration of JH / gland Corpora

causes larval molting
Ecdysone (ec) a | IGTG

Prothoracic
gland

: Pupa

Molting
hormone

Low temperature
stimulates PTTH




1. Ekdysteroidy - ekdyson, 20-hydroxyekdyson (20-E), makisteron A (=24-metyl-20E), 2-deoxyekdyson,
26-hydroxyekdyson a dalsi
2. Juvenilni hormony - JH-I, JH-II, JH-I11, JH-0, 4-metyl-JH-I, kyselina juvenilniho hormonu
3. Peptidické neurohormony
I. Hormony ridici metabolismus a homeostazu
1. Adipokinetické hormony (AKH) a hypertrehalosemické hormony
2. Diuretické hormony
3. Antidiuretické hormony
4. Chloride transport stimulating hormone a ion transport peptide
I1. Hormony Fidici metamorfézu, vyvoj a rist
. Prothoracikotropni hormon (PTTH) a bombyxin
. prothoracikostaticky hormon (PTSH)
. Allatostatiny a allatotropin
. PBAN I, II, Il (pheromone biosynthesis activating neuropeptide)
. Eklozni hormon a ecdysis triggering hormone (ETH)
. Burzikon
. Faktory regulujici puparizaci much
. Diapauzni hormon
. Hormony Fidici pohlavni funkce
. stimulac¢i gonadotropni neurohormony (gonadotropiny) - ovary maturing parsin (OMP) a egg
development neurohormone (EDNH) (=ovarian ecdysteroidogenic factor)
. Inhibi¢ni neurohormony (antigonadotropiny, folikulostatiny) — neuroparsin, oostatické hormony a
TMOF (trypsin-modulating oostatic factor).
VI. Hormony modifikujici svalovou kontrakci (myotropni peptidy)
1. Proctolin
2. Kardiostimula¢ni hormony - crustacean cardioactive peptide (CCAP), corazonin
3. Skupiny myotropnich neurohormont - myokininy, sulfakininy, pyrokinyny, tachykininy, myoinhibi¢ni
peptidy, periviscerokininy, FMRF-amid
V. Hormony Fidici barvoménu (chromatotropiny)
1. PDF - pigment dispersing factor
2. MRCH - melanization and reddish coloratig hormone (identicky s PBAN)
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Obr. 15.6. Prehled hlavnich hormonalnich os &lovéka. (p) proteinové hormony, (s) steroidni, () odvozené od tyrozinu, (+) stimulacni vliv,

(-} inhibiéni vliv.
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Figure 3.31 The relationship between the

hypothalamic hormones and the hormones of
the anterior pituitary The hypothalamus secretes

releasing or inhibiting neurohormones into the

hypothalamic-pituitary portal system. These neurohormones

act on the endocrine cells of the anterior pituitary to

stimulate or inhibit the release of the pituitary hormones.
The circulatory system carries these hormones to their
target tissues, causing a response. Some of these target
tissues are endocrine glands, which secrete hormones into

their target tissues, causing a response.

the blood. The circulatory system carries these hormones to
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PROOPIOMELANOKORTIN . 256 aminokyselinovych zb A

ACTH (39 AK) beta-lipotropin (beta-LPH, 91 AK)

1
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alfa-MSH I l gama-LPH (59 AK) _L beta-endorfin (31 AK)
—____|..__.+_ , S ——

(13 AK) Ddle vznikajf:

beta-MSH (18 AK)
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met-enkefalin (5 AK)
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}

Obr. ¢. 2:

Schématické zniazornéni souvislosti mezi nékterymi peptidy,
vznikajicimi v adenohypofyze (uvedené litky maji odpovidajici si pofadi AK)

(upraveno podle Sterzla, J., 1988)




Physiological Processes

i

Tropic hormones of the anterior pituitary gland

Hormone Structure Target tissue Primary action in mammals Regulation®
Adrenocorticotropic Peptide Adrenal cortex Increases synthesis and Cortical-releasing
hormone (ACTH) secretion of hormone (CRH)
steroid hormones stimulates release;
by adrenal cortex ACTH slows release
of CRH
Follicle-stimulating Glycoprotein Ovarian follicles In female, stimulates GnRH stimulates release;
hormone (FSH) (female); maturation of ovarian inhibin and steroid sex
seminiferous follicles; in male, hormones inhibit
tubules increases sperm release
(male) production
Luteinizing hormone Glycoprotein Ovarian interstitial In female, induces final GnRH stimulates release;
(LH) cells (female); maturation of ovarian follicles, inhibin and steroid
testicular estrogen secretion, ovulation, sex hormones
interstitial corpus luteum formation, and inhibit release
cells (male) progesterone secretion;

in male, increases synthesis
and secretion of androgens

Thyroid-stimulating - Glycoprotein Thyroid gland Increases synthesis and TRH induces secretion;

hormone (TSH) secretion of thyroid thyroid hormones and
‘ hormones somatostatin slow
release

°See Table 9-2 for key to abbreviations.
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Figure 9-44  Many of the actions of growth hormone are
antagonistic to those of insulin and similar to those of
glucagon. Output of insulin from pancreatic beta cells occurs
in response to high blood glucose, as after a meal. Growth
hormone (GH) is released, usually several hours after a meal
or after prolonged exercise, in response to insulin-induced
hypoglycemia. Growth hormone causes lipolysis and the
uptake of fatty acids by muscle tissue for energy and by the
liver for ketone body synthesis. The GH-induced general
depression of glucose uptake (except in the central nervous
system) leads to a rise in plasma glucose, which then
stimulates insulin secretion. The insulin stimulates glucose
uptake into cells and thus counteracts GH-induced
hyperglycemia.
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Table 9-4  Variant forms of neurohypophyseal nonapeptide hormones

Positions of amino acid residues*®

Animal group

Peptide 1 2 3 4 53 6 7 8 9
Lysine vasopressin Cys— Tyr—Elié— Gln— Asn—Cys— Pro—§§##— Gly—(N
Arginine vasopressin  Cys—Tyr—Phe— Gln—Asn—Cys—Pro—Arg —Gly—(N
Oxytocin Cys—Tyr—lle —GIln—Asn— Cys— Pro—{e#— Gly—(N
Arginine vasotocin Cys—Tyr—lle —Gln—Asn—Cys— Pro—@@p— Gly—(N
I[sotocin Cys—Tyr—lle —@@#—Asn— Cys—Pro—@@#— Gly—(N
Mesotocin Cys—Tyr—lle —GIln—Asn— Cys—Pro—{lle*—Gly—(N
Glumitocin Cys—Tyr—lle —§§#—Asn—Cys—Pro—#— Gly—(N

H,)
H,)
H,)
Hy)
H,)

H,)
H,)

Pigs and relatives

Mammals

Mammals

Reptiles, fishes, and birds

Some teleosts

Reptiles, amphibians, and lungfishes

Some elasmobranchs

*The cysteine residues in positions 1 and 6 of each peptide are bridged by a disulfide bond.
Source: Frieden and Lipner, 1971.
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Back view )
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Figure 9-41  Thyroid hormones are produced from
iodinated derivatives of the amino acid tyrosine. Condensation
of the tyrosine derivatives yields 3,5,3'-triiodothyronine (T;)

and thyroxine (T,). T3 is also produced by removal of one
iodide from thyroxine.




Neuronal stimuli from
temperature-regulating centers v
\ Hypothalamus Stitna zlaza a ]Q]i hOI'IIlOIly

Negative

feedback TRH

Anterior pituitary

gland ~

Figure 9-42  Thyroid hormones, which regulate
metabolism in various tissues, are themselves regulated by
neuronal stimuli and negative feedback. Low skin temperature

Thyroid hormones . .
Y 1 and stress stimulate the release of TSH-releasing hormone

(TRH) from hypothalamic neurosecretory cells. TRH then

VI, 'l’ \l, stimulates secretion of thyroid-stimulating hormone (TSH)
from the anterior pituitary gland. The thyroid responds by
secreting the thyroid hormones, which cause increased
metabolism in skeletal and cardiac muscle, liver, and kidney,
leading to the metabolic generation of heat. Feedback
inhibition by thyroid hormones apparently occurs at the levels
of both the anterior pituitary and the hypothalamus. The
follicle shown superimposed on the thyroid gland is drawn at
Increased oxygen consumption and heat production a disproportionately large scale.

MUSCLE HEART LIVER KIDNEY
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Figure 9-45  Calcitonin and parathyroid hormone (PTH)
have opposite effects on plasma Ca®* levels in mammals. Low
levels of plasma Ca?* stimulate the cells of the parathyroid
glands to release PTH, which has several actions, all tending
to increase plasma Ca?*. High concentrations of Ca2* in the
blood stimulate parafollicular cells in the thyroid gland to
release calcitonin, which acts to increase plasma Ca?*,
Calcitriol, the active hormonal form of vitamin D, also
increases intestinal absorption of Ca?*.
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Renin-angiotensin-aldosterone system
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Glucocorticoids
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Figure 9-40 The secretion of glucocorticoids, and hence
their effects on target tissues, is regulated by neuronal stimuli
and negative feedback. Neuronal stimuli induce the release of
corticotropin-releasing hormone (CRH) from hypothalamic
neurosecretory cells. The resulting release of adreno-
corticotropic hormone (ACTH) from the anterior pituitary
gland stimulates the secretion of glucocorticoids by the
adrenal cortex. These steroids produce an increase in blood
glucose and liver glycogen by stimulating conversion of
amino acids and fats to glucose. Negative feedback by the
glucocorticoids to both the pituitary and the hypothalamus
may limit ACTH release.
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Katecholaminy a jejich syntéza

COOH

Phenylalanine
hydroxylase

J Q9

H
HO C—CH—NII,
H
COOH
Tyrosine
HO hydroxylase
H
HO C—CH—NH,
H B
COOH
Dopa

decarboxylase

H
C—CH,—NH,
1 ’

HO

Dopamine
B-hydroxylase

J

H
HO C—CH,—NH,

OH

Phenylethanolamine Figure 9-35  The catecholamines—dopamine,
HO (g‘,ﬁ‘ﬁocgr‘gi;‘;frﬁse norepinephrine, and epinephrine—are synthesized from
. phenylalanine and tyrosine. Glucocorticoids produced by the

H / adrenal cortex increase the activity of phenylethanolamine

HO SHCHE—X\ N-methyltransferase, thereby promoting the conversion of

CH,  norepinephrine to epinephrine.
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Figure 9-34  Secretory vesicles in the chromaffin cells of which is liberated from the terminals of preganglionic
the adrenal medulla contain catecholamines, enkephalin, ATP, sympathetic nerve fibers, triggers release of the granule
and chromogranin, all of which are synthesized in different contents by exocytosis. The neuronal stimulus increases the
cellular compartments. In epinephrine-producing cells (shown membrane permeability for Ca**, leading to the increased
here), norepinephrine leaves the secretory vesicles, i§ * intracellular Ca?* required for exocytosis. [Adapted from
converted to epinephrine, and then is reincorporated into the Matsumoto and Ischii, 1992.]

vesicles. Stimulation of chromaffin cells by acetylcholine,
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Figure 9-36  Catecholamine secretion by the adrenal
medulla is regulated by neurons. Sympathetic nerve axons
originating in the spinal cord pass through the sympathetic
ganglia without forming synapses, but then synapse on the
catecholamine-producing cells. Acetylcholine liberated from
these preganglionic nerve terminals stimulates the secretion of
medullary hormones.
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Figure 3.32 The mammalian pancreas The
pancreas consists of both exocrine and endocrine tissues. The
islets of Langerhans contain cells called beta cells that secrete
the hormone insulin and cells called alpha cells that secrete the
hormone glucagon.
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SavCi pohlavni hormony

Table 9-9 Important mammalian reproductive hormones
Hormone Tissue of origin Structure Target tissue Primary action Regulation
Primary sex hormones
Estradiol-17 Ovarian follicle, Steroid Most tissues Promotes development and Increased FSH and LH
(estrogens) corpus luteum, maintenance of female levels stimulate secretion
adrenal cortex characteristics and behavior,
oocyte maturation, and
uterine proliferation
Progesterone Corpus luteum, Steroid Uterus, Maintains uterine secretion; Increased LH and prolactin
adrenal cortex mamimary stimulates mammary levels stimulate secretion
glands duct formation
Testosterone Testes Steroid Most tissues Promotes development and Increased LH level stimulates
(androgens) (Leydig cells), maintenance of male secretion
adrenal cortex characteristics and behavior
and spermatogenesis
Other Hormones
Oxytocin Posterior pituitary Nonapeptide ~ Uterus, Promotes smooth muscle Cervical distention and suckling
mammary contraction and milk ejection stimulate release; high
glands progesterone inhibits release
Prolactin (PL) Anterior pituitary Peptide Mammary glands  Increases synthesis of milk Continuous secretion of

(alveolar cells)

proteins and growth of
mammary glands; elicits
maternal behavior

PL-inhibiting hormone (PIH)
normally blocks release;
increased estrogen and
decreased PIH secretion

permit release
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Low blood testosterone; neural input \
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| g\ Testosteron
Negative y
feedback N‘:{

— Negative
LH ~ feedback
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Seminiferous tubule

(spermatogenesis)

Sertoli cells
Inhibin

SEMINIFEROUS MALE SECONDARY BRA.lN
TUBULES SEX CHARACTERS Behavioral Figure 9-46 Testosterone, the primary sex hormone in
Spermatogenesis changes  males, has numerous actions and is regulated by neuronal

¥ Y stimuli and feedback control. A decrease in blood levels of
testosterone stimulates the secretion of gonadotropin-releasing
hormone (GnRH), which promotes the release of follicle-

3 & stimulating hormone (FSH) and luteinizing hormone (LH).
SOMATIC TISSUES MALE PRIMARY Some of the actions of testosterone are indicated at the bottom
Stimulation SEX CHARACTERS of the figure. High testosterone levels and inhibin, also secreted

of growth by the testes, inhibit FSH secretion both directly and indirectly.
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igure 9-48  The primate menstrual cycle is regulated by subsequent decrease in estrogen, progesterone, and inhibin
eriodic changes in the levels of the gonadotropins, estrogens, levels allows pituitary secretion of FSH and LH to increase
nd progesterone. Before ovulation, follicle-stimulating again, thus initiating a new cycle. If implantation and
ormone (FSH) promotes maturation of ovarian follicles, pregnancy occur (right), secretion of chorionic gonadotropin,
vhich secrete estrogen. High estrogen levels cause a surge of (CG) by the placenta “rescues” the corpus luteum, which
uteinizing hormone (LH), which triggers ovulation from one maintains secretion of estrogen and progesterone for the firs
ollicle. LH promotes development of the corpus luteum and two to three months of pregnancy in humans. Thereafter, the
rduces it to secrete progesterone and some estrogen. In the placenta itself secretes estrogens and progesterone. [Adapte
bsence of implantation (left), the progesterone and estrogen from McNaught and Callander, 1975.]

evels peak and then fall, initiating menstruation. The
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Rizeni hladiny krevni glukézy

~ hypoglykemizujici hormon
= - inzulin

. hyperglykemizujici hormony

~ - katecholaminy — adrenalin a noradrenalin
— - glukagon

- - glukokortikoidy - kortizol a kortikosteron

— - riistovy hormon — somatotropin




= - rustovy hormon

= - thyreoidni hormony T3 a T4
== - pohlavni hormony
- inzulin
- aldosteron
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- nordrenalin — hlavni hormon netiesové termogeneze
- - adrenalin
= - tyroxin
- skupina hormoniti se slabsim uc¢inkem: ACTH,
kortizon, inzulin, STH, glukagon




- antidiureticky hormon — vasopresin
" - aldosteron
- - parathyreiodni hormon
- kalcitonin
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Hormony regulujici vyménu vody a iontu v téle

" Table 9-8 Mammalian hormones involved in regulating water and electrolyte balance
Hormone Tissue of origin Structure Target tissue Primary action Regulation
Antidiuretic hormone Posterior pituitary ~ Nonapeptide  Kidneys Increases water Increased plasma
(ADH, vasopressin) reabsorption osmotic pressure
or decreased
blood volume
stimulates release
Atrial natriuretic Heart (atrium) Peptide Kidneys Reduces Na* and water Increased venous
peptide (ANP) reabsorption pressure stimulates release
Calcitonin Thyroid Peptide Bones, kidneys  Decreases release of Ca®* Increased plasma Ca®*
(parafollicular from bone; increases renal stimulates secretion
cells) Ca®" and PO excretion
Mineralocorticoids Adrenal cortex Steroid Distal kidney Promotes reabsorption Angiotensin 11
(e.g.. aldosterone) tubules of Na* from urinary filtrate stimulates secretion
Parathyroid hormone Parathyroid gland ~ Peptide Bones, kidneys,  Increases release of Ca?* Decreased plasma Ca**

(PTH)

intestine

from bone; with calcitriol
increases intestinal Ca®*
absorption; decreases renal
Ca>" excretion

stimulates secretion




& Tkanové hormony - gastrointestinalni peptidy

i}

« - Gastrin

- Bombesin

— - Somatostatin
= - Pankreaticky polypeptid (PP).

i}

_ - Vasoaktivnli intestinalni polypeptid
: - Cholecystokinin (cholecystokinin-pankreozymin = CCK-PZ)

= - Chymodenin

- Enteroglukagon

= - Gastric inhibitory peptide (GIP, enterogastron)
. - Motilin

o - Sekretin
- Villikinin
=~ - Hepatokinin
* - Neurotenzin
- Ghrelln hormon hladu




60 Objev a identifikace tkanovych gastrointestinalnich hormonu

@® Amphiregulin
® Calcitonin Gene-Related Peptide (CGRP)
® Endothelin
® PACAP
@ Transforming Growth Factor B (TGF-3)
@ Transforming Growth Factor o. (TGF-a)
O Gastrocalicin
® Insulin-like Growth Factor | (IGF-I)
@® Neurokinin B
® Neurokinin A
@® Galanin
® Neuropeptide Tyrosine (NPY)
@ Peptide Tyrosine Tyrosine (PYY)
@ Peptide Histidine Isoleucine (PHI)
® Dynorphin
@ Neurotensin
@® Enkephalins
@ Gastrin-Releasing Peptide (GRP)
® Pancreatic Polypeptide (PP)
@ Somatostatin
@® Substance-P
@ Chymodenin
O Vagogastrone
@ Motilin
O Entero-oxyntin
@ Vasoactive Intestinal Polypeptide(VIP)
@ Gastric Inhibitory Polypeptide (GIP)
O Bulbogastrone
® Enteroglucagon (-GLP-I)
® Pancreozymin (~CCK)
@ Urogastrone (~EGF)
O Gastrone
O Enterocrinin
O Duocrinin
O Villikinin
O Enterogastrone
O Incretin (-GIP+GLP-1)
@® Cholecystokinin (CCK)
® Gastrin
@ Secretin
0 1 L 1 1 1 ! 1 1 1 |

1900 1910 1920 1930 1940 1950 1960 1870 1980 1990 2000
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61  U¢inek hlavnich gastrointestinalnich tkafiovych hormoni
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Strukturni homologie ¢lenu gastrinové rodiny

Gastrin:

Cholecystokinin:

Cerulein:

Cionin:

SO,
-Glu-Glu-Glu-Ala-Tyr-Gly-Trp—Met-Asp—-PheNH,

SO;
—Asp—Arg—Asp-‘i’yr—Met—GIy—Trp—-Met—Asp—PheN H,

SO,
pGlu-GIn-Asp-Tyr- Thr-Gly~Trp—Met—Asp-PheNH,

SO SO
—Asp—-Arg—-Asn Tyr—Tyr—GIy—Trp ~Met-Asp—-PheNH,




Ghrelin — hormon hladu

Ghrelin je produkovan v Zaludku (v malé mire i ve slinivce, mozku, ledvinach a placent¢€)

stomach oxyntic mucous
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64 Ghrelin — stimuluje chut’ k jidlu prostiednictvim centra
hladu/sytosti v hypothalamu

Eating causes blood levels
==YV of ghrelin to decrease

Ghrelin travels in the
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Adapted from Cummings ef af. Dizbeles 50:1714, 2001




i Hormony tukové tkané

~ - Leptin - hormon sytosti
- Adiponectin
- - Resistin
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66 Tukova tkan jako endokrinni organ
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Ravussin et al, 2002
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Leptin — hormon sytosti

Proteinovy hormon produkovany
adipocyty

- Hladiny leptinu pozitivné koreluji s ) - - -
obsahem tuku v organizmu

Energy
expenditure

- Regulator prijmu potravy a
energetického vydeje

- Jeho chybéni vede k morbidni
obezité, nicméné u béZnych obéznich
pacienti je jeho hladina vysoka

- Leptin neni fylogeneticky primarné
urcen k tlumeni prijmu potravy, ale k

adaptaci organizmu na dlouhodobé

hladovéni

Efferent
feedback

Leptin (in circulation
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Rizeni pFijmu potravy — @iloha pro ghrelin a leptin
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Adiponectin

Adiponectin zvysSuje inzulinovou senzitivitu zvySenou oxidaci tukii, ¢imZ sniZuje hladinu

triglyceridii v jatrech a svalech
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Erythropoetin

Ser 126,

Erythropoetin (EPO) - hormon stimulujici tvorbu
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Figure 9-31  Serotonin binds to multiple receptors, which are tissues, or even in the same cells. The various receptors
linked to convergent and divergent second-messenger pathways. illustrated represent subclasses of the serotonin receptor family
Binding of serotonin, also known as 5-hydroxytryptamine (5- (dro = Drosophila). G; = inhibitory G proteins; G, = stimulatory

HT), to some receptors leads to production of cAMP, G proteins; G, = pertussis toxin—insensitive G proteins;
diacylglycerol (DAG), or inositol trisphosphate (IPs), all of which Ca?*/CaM kinase = Ca**/calmodulin-dependent protein kinase.
can mediate the same cellular responses in cells of different [Adapted from Saudou and Hen, 1994.]
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~ - Serotonin
- - Leukotrieny
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- Endorfiny
- Enkefaliny (Leu- a Met-enkefalin)

a-Endorphin: Tyr-Gly-Gly-Phe-Met-Thr-Ser-Glu-Lys-Ser-GIn-Thr-Pro-Leu-
Val-Thr-OH

p-Endorphin: Tyr-Gly-Gly-Phe-Met-Thr-Ser-Glu-Lys-Ser-GIn-Thr-Pro-Leu-Val-
Thr-Leu-Phe-Lys-Asn-Ala-lle-lle-Lys-Asn-Ala-Tyr-Lys-Lys-Gly-Glu-OH

v-Endorphin: Tyr-Gly-Gly-Phe-Met-Thr-Ser-Glu-Lys-Ser-GIn-Thr-Pro-Leu-Val-
Thr-Leu-OH




Mode of action

- Pusobeni tkanovych

3 hormont mozku: obsazuji
specifické receptory a
zvySuji tak prahovou

+ Effects located in the Central Nervous System

» Specific receptors in the brain for different narcotics
lead to different side effects

Action on:

hladinu bolesti a vykonnosti

u-receptor (Endorphins)
= Analgesia Euphoria

k-receptor (Dynorphines)
= Analgesia Sedation

3-receptor (Enkephalins)
= Analgesia Dysphoria

Blocking
specific receptors

Abuse of narcotics in sports

Mller-Esterl: Bi
® Spektrum Aka

= Enhancing performance effects of analgesic narcotics by
increased tolerance to pain

CENTRAL
NERVOUS
SYSTEM 4—| NARCOTICS
Pain Threshold
(set-point)
R e = adjusted by NETEOEIC® —  ccooncuapennaysasnsss
%. ........... pain tolerance level exercise tolerance level..... . fl.......

PAIN RECEPTORS




- Atriovy natriureticky faktor (ANF)
- - NO - oxid dusnaty
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Nitric oxide sythase (NOS)

\
arginine — NO

Blood flow *

................................ guaniline cyclase (GC)

v

Cyclic GMP

O

Endothelial cells Intima

02
""""""""""""""""""""""""""" Smooth muscle cells /| *

Protein kinase G activation

v

Activation of proteins that regulate
calcium concentration, calcium
sensitization, cell polarization,
activation of actin and myozin

v

smooth muscle relaxation
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