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PP burky
- Pankreaticky polypeptid

Pankreatické ostrivky predstavuji 1 — 2 % pankreatu, ale pritok krve nimi predstavuje 10 — 15 %.



Malecular

forms of
Inzulin
Charakteristika E{:;T:; & Pre-proinsulin
- Polypeptid _ ¢i5 Golgi
- Sekrecni granula — volny inzulin a C-peptid 10 min ==- : .

Fast-acting analogues Long-acting analogues

Dva typy sekrec¢nich granul:
- Rychle sekretovatelné (5 %)
- Rezervni pool (95 %)
Polocas 3 — 8 min
Degradace - jatra ( az 50 %), ledviny, cilové tkané
(inzulinové proteazy)

Insufin lispro Insulin aspart Insulin glargine Detemir insulin




Sekrece inzulinu

C Insulin concentrations (pM) in portal vein
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Requlace sekrece inzulinu

. . . , v Glucose
B buriky pankreatu = neuroendokrinni integrator, odpovéd
na. Endoplasmic
- Plasmatické hladiny substratl (AA, Glu) reticulum Glucose
- PChormont (inzulin, GLP-1, somatostatin, adrenalin) ' ” transporter
- PC neurotransmiter( (noradrenalin, acetylcholin) Glucose
. Glucokinase
'/l Glucose-6-phosphate
Glu
. - vevs . p i Mitochondrion _ )
- Nejvyznamnéjsi regulace sekrece inzulinu : Amino acids
s — Ketoacids

AMK — Leu, Arg, Lys
- Generovani ATP o
- Prima depolarizace PM ﬂi ’

3 €
g Intracellular. \

Dy PR T A ) ' " GLP-1 |:+j
- c Ca“" stores -~ @ e
Modifikace translace mRNA _ © ™~ Epinephrine {-)
- Glu—(+) mRNA Insulin  ©

Acetylcholine (+)
— CCK (+)

Glucagon (+)

e,

Ca2* Morepinephrine (—)
containing > (&) Somatostatin ()

Dalsi: - GH, VIP, sekretin, gastrin, glukokortikoidy, prolaktin, Qraﬂges o © TP -sensitive
placentalni laktogen, pohlavni hormony 00 0% o Voltage-dependent K* channel

5 © Ca®* channel
Glukéza je hlavnim stimulem pro sekreci inzulinu. Glukéza g msunﬁ'@ A
ma permisivni ucinek na sekreci dalSich modulatort sekrece secretion . e

o © N - Dep?ﬂgnzatlon

inzulinu. o =~ Ca™t «—



Fyziologicke ucCinky inzulinu

Bezprostredni ucinky
- Sekundy
- Modulace transportu K+ a Glu

Ucinky &asné
- Neékolik malo minut

- Regulace metabolické aktivity Ué&inek inzulinu na cilové
tkané je anabolicky a je
Ué&inky stfednédobé zprostredkovan

- Minuty aZ hodiny inzulinovym receptorem.

\

\ - Regulace metabolické aktivity

Ué&inky opozdéné

- Hodiny az dny

- Bunécny rust

- Bunécna diferenciace




Inzulinovy receptor

Charakteristika
- 2o a2p podjednotky

- TK aktivita

- Fosforylace IRS 1-4 (insulin receptor substrate) Q Insulin

- Interakce s dalSimi bunéénymi substraty "\ /7

- PI3K (fosfatydylinositol-3-kinaza) o podjednotky = receptor
-  MAPK (mitogen-activated protein kinase) vazba ligandu

B podjednotky = —)

TK aktivita

Bieodime ‘ Fosforylace

Endocytdza - Acidifikace ‘
IR inzulinu ‘ Degradace |

endosomu

"\-.\
f'/ T Glucose uptake & T Glycolysis )
T Glycogen synthesis & | Gluconeogenesis
T Lipogenesis & - Lipolysis
T Protein synthesis & . Proteolysis
\ Cell survival/growth |




Bezprostredni ucCinky inzulinu na cilove

tkane
Tansportér | brese __[Funkce
- Ubikvitarni
GLUT1 - Ery, endothelialni bunky (CNS), - Bazalni uptake Glu
placenta, ledviny, tlusté strevo

- Kosterni svaly, adipocyty

- Glu senzor
GLUT2 — [ bunky pankreatu - Uptake Glu pfi vysokych
- Jatra, tenkeé strevo, ledviny koncentracich cirkulujici
Glu
- Primarné neurony - Bazalni uptake Glu
GLUT3 - Dale placenta, jatra, epitelialni bunky - Zasadni vyznam pro
GIT CNS
GLUTA4 - Kosjcernl svaly a adipocyty - Inzulinem stimulovany
- Vezikula! uptake Glu
GLUTS - Jejunum, spermie - Transport Fru




Casné a stfednédobé
Inzulinu

- Dany fosforylaci enzym( zapojenych do metabolickych drah
- Kosterni svaly, tukova tkan a jatra

Tvorba ketolatek (-)

- Defosforylace hormon-sensitivni lipazy (inhibice vyuziti
triglycerid( a jejich Stépeni na FFA a glycerol)

- Aktivace acetylkoenzym A karboxylazy (lipogeneze)

- Antagonizace Ucinku katecholamin( na lipolyzu (fosforylace a
aktivace fosfodiesterazy = snizeni intracelularniho cAMP)

Utilizace glukdzy
- Jatra

- Stimulace exprese enzym( zapojenych do vyuziti Glu
(glukokindza, pyruvat kinaza) a lipogennich enzymu

- Inhibice enzymU zapojenych do tvorby Glu (fosfoenolpyruvat
karboxykinaza, glukéza-6-fosfataza)

- Stimulace syntézy glykogenu

- Stimulace syntézy malonylkoenzymu A —

ketolatek

Uucir

p| synthase

inhibice syntézy

Glycogenolysis

Glycogen

Glycogen Glycogen
phosphorylase 1 G

Glucose-1-P

Gluconeogenesis

(2) Pyruvate

'

2) Oxaloacetate

“i

2) PEP

't

(2) 3-Phosphoglycerate

!

(2) 1,3-Bisphosphoglycerate

v

Fructose-1,6-bisphosphate

|

Fructose-6-phosphate
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Glucose-6-phosphate
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Glycolysis

Glucose
t l 1G

Glucose-6-phosphate

I

Fructose-6-phosphate

S| v

Fructose-1,6-bisphosphate
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Dihydroxyacetone
phosphate

A
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Glyceraldehyde-3-phosphate

!

1,3-Bisphosphoglycerate

]

3-Phosphoglycerate

!

2-Phosphoglycerate

!

Phosphoenolpyruvate

i l ‘G

Pyruvate



Inzulin a kosterni svaly

- (.|.
- (.|.

uptake glukdzy (GLUTA4)
syntéza glykogenu

- (+) transport AMK

- (+) translace mRNA

- (-) degradace protein(

- (+) preference tukovych zasob

- mechanismus - Fosforylace mTOR

— — — “—

- Vyznamny anabolicky efekt!

Inzulin a jatra

Indirect effects of insulin
| Decrease free fatty acid

Direct effects of insulin
} Glycogenolysis

| Gluconeogenesis flux to liver
| Glucagon secretion
_ B
Gluconeogenesis Glycogen

Glucagon | |nsulin —

 Insulin |
—__& Free ¥ =
- \ fatty 4

acid Glucose

Adipose Insulin
tissue —
Islet

Glucose

Vyznam GLUT2!



Sytost versus hladoveni

glykémie @

Inzulin
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Opozdene ucinky inzulinu

- Syntéza lipogennich enzymU
- Inhibice enzymu glukoneogeneze

- MAPK kaskada
- ProrUstovy ucinek — (+) bunécny rast L B
- Mitogenni ucinek - ’msmm . Lumen m;";‘ BRSO
S . .v: ,'. ||.|| IR ,|.VCAM-1 ... §
Klinicky presah = R | [ 4 =) ‘GRﬁ\ Al
- Hyperinzulinémie — DM2 = o T
- ZvysSené riziko nadorovych onemocnéni e /T
- Endometrium wdtl R .
- Prs o X 3 GO
- Tlusté strevo Ty — :. g —
- Ledviny 4°
- Proliferace hladké svaloviny Smooth Muscle Cells > \ Vascular Pericytes
- Hypertenze R;ﬂg‘;gn Anti-apoptosis |

Aterosklerdza Proliferation/ O
. . . Contraction/
Dyslipidemie O Migration

Choroby CV



Hypoglykemie a mechanismy zabranujici

hypoglykemi

t Epinephrine
[ |
| | | |
Liver Pancreatic Muscle Fat
islets |
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Physiology

Medial prefrontal

cortex
i / Hippocampus
Dorsal midline :
<
thalamus Brain stem
J_ > Amygdala
Hypothalamus w
t Sympathoadrenal
activity
+

Pancreatic islets

| Insulin + t Glucagon

B-cells = | Insulin

a-cells = 1 Glucagon




Diabetes mellitus 1. typu

4
-

v

Genetic
Muscle predisposition
- F +
' Lactate Glucose tE_nvironrr)enth
oy Amino acids rigger (virus?)
Trlglycerlde l Islet celi—directed antibodies

T-cell-mediated B-cell injury
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-
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\ Regulatory DKA
T-cells? l trigger (iliness?)

Glucose ~ 100 — Impaired 1st-phase
Ketones Adipose > ] insulin secretion
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Diabetes mellitus 2. typt

Endoplasmic
reticulum

Klinicky presah

Glucose
transporter

Nucleus

Glucose
Glucokinase

Inzulinova rezistence

- Mutace v IR genu Glucose-6-phosphate

a0 . l Mitochondrion
Defekty v sekreci inzulinu c

- Mutace v genu pro inzulin (proinzulin)

- Mutace v mitochondrialnich genech

- MODY (Maturity-onset diabetes of the young)
- HNF-4a (MODY 1)
- Glucokinase (MODY 2)

Glycolysis
Intracellular
Ca?* stores ATP
ATP
Insulin-
- HNF-1a (MODY 3) drmash

containing OO © ca2* ATP-sensitive
- |PF1 (MODY 4) graet)JIesO OO Volta%e—dependent \ K+ channel
- HNF-1B (MODY 5) © o Ca channel
- NeuroD1/BETA2 (MODY 6) i —
secretion © Ca2* DeP

©

o




Diabetes mellitus 2. typu - konsekvence

Proteiny
- Katabolismus protein0
- Negativni dusikova bilance

Tuky

Katabolismus tuku s tvorbou ketolatek
Snizena syntéza MK a triglyceridd
Zvysena hladina volnych FA
Katabolismus MK a tvorba ketolatek

Hyperglykémie

- Glykosurie, osmoticka diuréza a polyurie

- ZvySend osmolarita plasmy, polydipsie, ADH
- Dehydratace

- Snizeni objemu ECV a TK

- Polyfagie

Ketoaciddza
Metabolicka aciddza
Hyperventilace
Acidifikace modi
Hyperkalémie
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Time after oral glucose (hr) ——»

KEY

Range for diagnosis
of pre-diabetes



Glukagon

Charakteristika

Peptidicky hormon (29 AMK)
Syntetizovan jako proglukagon
Pankreas, enteroendokrinni bunky v GIT
CNS

Alternativnim sestrfihem vznikaji dalsi
peptidy, z nichz nejvyznamnéjsi je GLP-1
Kratky polocas (5 — 10 min)

Degradace jatry

Receptory
Jatra, B bunky, ledviny, srdce, tukova
tkan, cévy, CNS, zaludek, nadledviny

Funkce

Homeostaza glukdézy — antagonismus k
inzulinu

G|UEBQ-DI"I release is stimulated by:

= Hypoglycemia
= Epinephrine (p)
= Vagal stimulation

Glucagon release is inhibited by:

* Hyperglycemia
* Somatostatin

mm) Mobilizace Ca?*

Glucagon

Receptor

Cytoplasm

PGC-1 <~ -_\-—)- T Phosphorylase

PEPCK K'”asrl

G- E-F’ase
. = F'hnsph:]r}rlase b

. f

| Glycolysis | Glycogenesis

T Gluconeogenesis | T Glycogenolysis |

Glucagon T Hepatic glucose output




Proglukagon — alternativni sestFih

Glicentin — L-buniky (tenké strevo)
- Stimulace sekrece inzulinu

- Inhibice zaludecni sekrece

- Troficky ucinek ve strevée

Oxyntomodulin — tlusté strevo
(anorexigenni faktor)

- Postprandialni sekrece

- ZvysSeni vydeje energie

- (+) glukdzova tolerance

GRPP

(inhibice Glu stimulované sekrece
inzulinu, modulator energetického
metabolismu)

IP-1, IP-2
L-bunky
(modulace sekrece inzulinu?)

Preproglucagonl! PS lGF{PP | Glucagon IP1 ] GLP-1

Proglucagon ll GRPP | Glucagon IP1 GLP-1

Psck2 Psck1/3
dominant dominant

] Glucagon GLP-1 )
Glicentin-related
pancreatic peptide GRPP | e
Intervening peptide 1 . () Glucagon ] IP1 ) Oxyntomodulin

o s GLP-1 | IP2 | GLP-2
(I GRPP | Glucagon ) IP1 ] Glicentin




GLP-1 a GLP-2 — vyznamné farmakologicke

cile

Charakteristika
- Neuroendokrinni L bunky

CNS

- Kaudalni NTS — viscerosenzorické informace
- Aktivace POMC neuronu

- Inhibice pfijmu potravy (anorexigenni faktor)

Funkce — GLP-1 (GLP1R) - Indukce pocitu nasyceni

- (+) sekrece inzulinu = rychla modifikace pfijmu potravy na zakladé

- (-) sekrece glukagonu metabolickych substrati (glukdza), hormont (leptin) a
- (+) neogeneze a proliferace LO neuropeptidd.

(-) apoptdzy P bunék
Klinicky vyznam
- Agonisti GLP1R — |é¢ba DM2

Funkce — GLP-2 (GLP2R) - Exenatid, lixisenatid

(-) motility antra

- . , : o - Liraglutid
- (-) p.otr?vou stlmulo’varle sekrece zaludecni stavy - Albiglutid, dulaglutid
- Troficky efekt (tenke strevo, kolon) - Inhibitory dipeptidyl peptidazy 4 (DPP4)
- (-) apoptozy enterocytu - sitagliptin, vildagliptin, saxagliptin, alogliptin,
- (+) toku krve a absorpce Zivin linagliptin
- DM2

GLP-1 a GLP-2 vykazuiji inkretinovy ucinek pripravujici sekreci inzulinu v zavislosti na pritomnosti glukdzy v lumen GIT.



Glukagon — sekrece

TTX-sensitive
Na* channel
T-type L- or N-type
Ca?* channel Ca?* channel

= [

v

Tv

| to-60 mv \ 4

o
% Ca?* Na* Ca#
k o
& / O o
Q0 e o
- 241 —_— o
(J K [Ca™] Glucagon ooO o oooo

release

A

repolarization

\ K+
JANT

®

e

Kpr channel

Paracrine modulators

insulin, zinc, GABA
( ) v




Fyziologicke ucCinky glukagonu

Cilovy enzym

(+) exprese Glu-6-fosfatazy

(-) glukokinazy

(+) fosforylace (aktivace)
glykogen fosforylazy

(-) glykogen syntazy

Inaktivace fosfofruktokinazy
2, aktivace frukt6za-6-
fosfatazy

(-) pyruvat kinazy

Dalii Gcinky

Metabolicka odpovéd’

Vstup Glu do cirkulace

Snizeni vstupu Glu do
glykolytické kaskady

(+) glykogenolyzy
(-) syntézy glykogenu

() glykolyzy,
(+) glukoneogeneze

(-) glykolyzy

[
a = I
L]
=
i

L Insulin:glucagon

Adipocyte

Hepatocyte
e,
OO0 F-oxidation
— FFA ——
R | Acetyl CoA
Glycerol

1 Acetyl CoA

Gluconeogenesis

carboxylase

%
Malonyl CoA

(FA synthesis)

|.ﬁ.ce'.yl coenzyme A 3-p-hydroxybutyrate |
Dxalnaceta{_-\\ﬂiirate | Acetoacetate ‘
Krebs
cycle | Acetone |
Co
co, °

- Stimulace fosforylace (aktivace) hormon-senzitivni lipazy a lipolyzy — substraty pro glukoneogenezi a tvorbu protilatek
- FFA jako zdroj energie zejména pro kosterni svaly




Somatostatin

Charakteristika
- Peptidicky hormon (14 AMK)
- Sekrece stimulovana:
- Potravou bohatou na tuky (FFA)
- Potravou bohatou na sacharidy (Glu)
- Potravou bohatou na proteiny (AMK — Leu, Arg)

Funkce

- Parakrinni plisobeni — (-) inzulin, glukagon, PP

- Inhibice prakticky vSech exokrinnich a endokrinnich
funkci GIT

- Inhibice motility

Klinicky vyznam
- Analoga somatostatinu a inzulin/glukagon-produkujici
nadory

Metabolism

Metabolism




Pankreaticky polypeptid - PP

Charakteristika
- Peptidicky hormon (36 AMK)
- Sekrece stimulovana:
- Potravou (proteiny), distenze zaludku
- Cvicenim
- Prfimou vagalni stimulaci
- Inzulinem indukovanou hypoglykémii
- Sekrece inhibovana
- Hyperglykémii
- Bombesinem, somatostatinem
- Receptory:
- Zaludek, tenké stfevo, kolon, pankreas,
prostata, entericky NS, CNS

Funkce

- Inhibice exokrinni pankreatické sekrece
- Inhibice kontrakce Zlu¢niku

- Modulace Zaludecni sekrece

- Modulace zaludecni motility

- Regulace prijmu potravy ?

PVN
LH

Activity of hepatic vagal nerve
PP ipv

&
4
2,
5
e “etic §§‘\
energy expenditure T
gallbladder motility |

pancreatic exocrine secretion |

gastric emptying |

Pankreaticky polypeptid stimuluje vydej energie prostiednictvim
sympatické stimulace hnédé tukové tkané. Kromeé toho
moduluje sekreci CCK a inhibuje sekreci ghrelinu.



Amylin

Charakteristika
- Peptidicky hormon (37 AMK)
— [ buniky, zaludek, proximalni tenké strevo
- Posttranslacni modifikace (amidace)
- Sekrece spolecné s inzulinem a C-peptidem
- Vzestup po aplikaci:
- p.o. a p.e. glukdzy

Funkce
- Zpomaleni vyprazdnovani zaludku na vagalnim podkladé
- Inhibice sekrece glukagonu (postprandidlni)
- Svaly
- Inhibice syntézy glykogenu
- Stimulace glykogenolyzy, glykolyzy a produkce
laktatu

Klinicky vyznam

- ZvySena plasmaticka koncentrace pri obezité, gestacnim
diabetu a DM2

- Analoga amylinu v terapii DM1 a DM2 (pramlintid) —
amylin-deficientni stavy

food © ==
intake &~

glucagon @

release

pancreas

:
¢

blood
glucose

body
weight

‘e Ad|p05|ty

. * Nociception
* Maternal behaviors

| gastric
' emptying

' Neurogenesis '
:. Anxiolytic/antidepressant '
» * Bone homeostasis

amylin



