Endogenni opioidni systém



Historie opia v kostce

Prvni pisemna zminka o maku se objevuje na sumerskych tabulkach z 3.
tisicileti pr. n. |., kde se pro néj pouziva znak, ktery znamena ,,radost”.

Egyptské opium, zvané téz thébské, dosahovalo nejvyssi kvality z celé
stfedomorské oblasti

Homér : ,,dava zapomenout na vselikou strazen”
Mak byl od pradavna spojovan s bohyni plodnosti Démétrou.
Bezdétné manzelky nosily broze a jehlice ve tvaru makovice.

Zamilovani treli suché listy maku a podle praskotu hadali budoucnost
svého vztahu.

V Rimé se opium s velkou oblibou pouZivalo k euthanasii. Euthanasie byla
pokladana za doklad moralni velikosti:

,Z daru, kterymi muze priroda obstastnit ¢lovéka, neni vétsiho, nez véasna
smrt“

(Plinius Starsi, Nat. Hist.)
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Endogenni opioidni peptidy
Prekurzorovée peptidy Endogenni opioidni peptidy

e POMC * Endorfiny

—)

* Preproenkefalin * Enkefaliny

* Preprodynorfin * Dynorfiny

Endomorfiny
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Opioidni receptory
- DOR — 0 opioidni receptor  -MOR — u opioidni receptor

- KOR — k opioidni receptor -NOR — N/OFQ opioidni receptor

Receptor CNS Location Response on activation

u Brain (laminae I1I and IV of the cortex, thalamus, u, supraspinal analgesia, physical dependence; p,-Respiratory depression, miosis,
periqueductal gray), spinal cord (substantia gelatinosa) euphona, reduced gastrointestinal motility, physical dependence

K Brain (hypothalamus, peri-aqueductal gray, claustrum), Spinal analgesia, sedation, miosis, inhibition of antidiuretic hormone release

spmnal cord (substantia gelatinosa)

o Brain (pontine nucleus, amygdala, olfactory bulbs, Analgesia, euphoria, physical dependence

deep cortex)

CNS-Central nervous system



T-transmembranovy receptor
sprazeny s G proteinem

Adenylat cyklaza

ATP cAMP

A

| Redukce uvolnéni neurostransmiteru I




Funkce Typ receptoru Anatomie
Regulace chuti, pfijem potravy | u, d, Ventralni tegmentalni oblast
Kardiovaskularni regulace I, 0, K Nucleus tractus solitarius
Rovnovaha tekutin K diuréza Hypothalamus a stfevo (k)

i antidiuréza

Endokrinni odpovédi

Hypothalamus

Stimulacni efekt
Ristovy hormon O
ACTH I, K
Prolactin u, K
Inhibiéni efekt
Luteinizani hormon i, &
Vasopressin K (také nucleus tractus solitarius)
Oxytocin U, K
Inhibice bolesti i, & Supraspinalni, spinalni
5 meduldrni retikularni formace
K spinalni
Respirace 1,8 mohou zplsobovat Mozkovy kmen
respiracni depresi
Lokomoce u zvysuje aktivitu A9, A10 DA systém
K sedace A10 DA systém

Termoregulace

1 muZe zpusobit hypotermii

Hypothalamus

& muZe zpasobit hypertermii




Endorfiny

- Alfa, beta, gama a delta

- Hypofyza/hypothalamus a jinde

- Namahavé cviceni/fyzicka aktivita, bolest, orgasmus
- Analgezie a pocity ,, pohody“

- Mobilizace imunitniho systému?

- Tvorba emocnich vazeb

- Prijem potravy

- Stejny ucinek pri bolesti ale jiny pri stresu



Enkefaliny n/d

- Met-/Leu-

- Mista CNS souvisejici s vnimanim bolesti, chovanim, motorickou
kontrolou a neuroendokrinnimi funkcemi

- T bunky, makrofagy, zirné bunky
- Vzruseni, fyzicka namaha, sexualni aktivita, strach

HO



Dynorfiny n/x

-AaB

- Periaqueduktalni Seda hmota, prodlouzena micha
- Casti michy podilejici se na pfenosu bolesti

- Hypothalamus, hipokampus, mesencephalon

- Mechanicka a termalni hyperalgezie

IE
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Endomorfiny T

= 1 a 2 HO
7 . . /i "3 ¢ 3 /AN
- Heterogenni distribuce v CNS = T 8
- Antinocicep¢ni funkce T A
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- Vazodilace zprostredkovana NO i omerplliad .

Nociceptin/orfanin FQ NOP
- Hipokampus, mozkova kura, micha

- Spousti hyperalgesii a allodynii obracenim opioidy indukované analgesie
- Chovani, drogova zavislost

- Kardiovaskular — hypotenze/bradykardie



Fyziologické funkce EOS .
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a Opioid system physiology
MOR

Hedonic tone

« Dysphoria stress
» Negative affect

* Low anxiety

» Positive affect

b Opioid receptors in the disease process

Reward Aversion
= Adaptions to the drug )
S ESaerTewerd s Withdrawal * Increased dysphoria

— « MOR adaption e SRR« Lower mood
- Recreational _ ; P"_’“'»" | » Higher anxiety
drug use MOR * Intoxication * Increased stress
reactivity

* Lower self-control . —
* Maladaptive habits SRR
* Higher context salience | Preoccupation BOR:
MOR/DOR/KOR? o Anticipation

¢ Opioid receptor function in addiction circuits

e ——

O Preoccupation or anticipation O Withdrawal or aversive state
O Binge or intoxication

Receptor density
- Low ' Medium

‘ High ‘




Fyziologické funkce EOS

- Respirace
- Potlaceni aktivity respiraCnich neuronu — bradypnoe?
- Respirace ve stresovych podminkach, protektivni funkce pri hypoxii a
hyperkapnii
- Kardiovaskularni funkce
- VSeobecneé inhibicni
- Snizuji TF a TK ALE zalezi na situaci!

- Imunitni funkce
- Dudlni Ucinek v zavislosti na radé faktoru
- Mozna protekce pred nadorovymi onemocnénimi?



Endogenous opioids

Beta-endorphin
Endomorphins
Endogenous morphine

Q

Exogenous
opioids

Enkephalins

Mu
MOR

Dynorphins

Delta
DOR_

Antinociception
Analgesia

Nausea, sedation
Constipation
Respiratory depression
Abuse liability
Tolerance to analgesia
Opioid-induced hyperalgesia

Kappa
KOR

Analgesia if chronic pain
Mood improvement

Convulsions and
hyperlocomotion for a
few DOR agonists at

high dose
Tolerance to analgesia

Antinociception
Analgesia

Sedation
Dysphoria
Aversion



Endokanabinoidni system



The Human Endocannabinoid System MEDRELEAF

The endocannabinaid system (ECS) consists of cannabinoid receptors, endocannabinaids and their metabolic enzymes. Two major cannabinoid LR
receptors, (B1 and (B2, and two main endocannabinoids, anandamide (AEA) and 2-arachidonoyl-glycerol {2-AG), have been identified. Human

endocannabinoids and plant cannabinoids, such as THC and (BD, bind to cannabinoid receptors with great specificity, much like a lock and key.

Activation of the cannabinoid receptors inhibits the release of neurotransmitters, The £CS plays a key rolein homeostasis and requlates many

physiological processes such as inflammation and pain perception, immunity, neuropathy and metabolism.

Cannabinoid receptors are widely
dnmnummmout Receptors PE tl
the human body (81 receptors are mainly located synaptic

i the brainand central nenous (sending neuron)
system bat are also found in (.

il

Psynaptk
(recéiving neuron)




ENDOCANNABINOIDS

cannabis-like cannabinoids manufactured internally by the body

Anandamide 0
]

\/_\/\/\N i /\/0

2-Arachidonoylglycerol (2-AG)
H,C —OH
O ; l

PHYTOCANNABINOIDS

cannabinoids found in cannabis plant and agricultural hemp

Cannabidiol (CBD)

CUREPHARMACEUTICAL.COM



CBD (CBG)
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FIGURE 1. Schematic representation of the main signaling pathways through which (endo)cannabinoids
impact proliferation, apoptosis, migration, and angiogenesis in cancer. Blue arrows indicate pathways initiated
by cannabinoid/vanilloid receptor-mediated mechanisms, and red arrows indicate non-cannabinoid/vanilloid
receptor-mediated mechanisms. Continuous lines indicate stimulation, and dotted lines indicate inhibition. AC,
adenylyl cyclase; CBD, cannabidiol; CBG, cannabigerol; eCBs, endocannabinoids; ER, endoplasmic reticulum;
ASTHC, AStetrahydrocannabinol; PKA, protein kinase A; AKT, protein kinase B; PI3K, phosphatidylinositol
3-kinase; ERK, extracellular regulated kinase; MAPK, mitogen-activated protein kinase; mTOR, mammalian
target of rapamycin; ROS, reactive oxygen species; p27/p21, cyclin-dependent kinase inhibitor proteins.
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Figure 1. Endocannabinoid Signaling at the
Synapse

(A) Retrograde endocannabinoid (eCB) signaling.
eCBs are mobilized from postsynaptic neurons
and target presynaptic cannabinoid type 1
receptors (CB;Rs) to suppress neurotransmitter
release.

(B) Nonretrograde eCB signaling. eCBs produced
in postsynaptic neurons activate postsynaptic
CB;Rs or transient receptor potential vanilloid type
1 (TRPV1) channels.

(C) Neuron-astrocyte eCB signaling. eCBsreleased
from postsynaptic neurons stimulate astrocytic
CB,Rs, thereby triggering gliotransmission. Glu,
glutamate.



4 i i Figure 2. Molecular Mechanisms
A  Short-term B Homosynaptic Heterosynaptic = cindiyiho Endbcatnabiiold Mediiod

Plasticity Excitatory LTD Inhibitory LTD Short- and Long-Term Synaptic Plasticity
(A) Short-term depression. Postsynaptic activity
triggers Ca* influx via voltage-gated Ca®* chan-
nels (VGCCs). Other Ca®* sources, like NMDARs
and internal stores, may contribute. Ca®* pro-
motes diacylglycerol lipase (DGLa)-mediated eCB
production by an unknown mechanism. Presyn-
aptic activity can also lead to eCB mobilization by
activating postsynaptic group | metabotropic
glutamate receptors (I mGluRs). Phospholipase-
CB (PLCB) can now act as a coincidence detector
integrating pre- and postsynaptic activity. DGLa
promotes 2-arachidonoylglycerol (2-AG) release,
which retrogradely targets presynaptic CB4Rs,
and the By subunits probably couple to presyn-
aptic VGCCs to reduce neurotransmitter release.
(B) eCB-mediated excitatory long-term depres-
sion (LTD) and inhibitory LTD (iLTD). Patterned
presynaptic stimulation releases glutamate (Glu),
which activates postsynaptic mGluRs coupled
to PLCB and DGLa. 2-AG homosynaptically
targets CB4Rs localized to excitatory terminals
and heterosynaptically engages CB,Rs at inhibi-
tory terminals. A G,i»-dependent reduction in adenylyl cyclase (AC) and protein kinase A (PKA) activity suppresses transmitter release. At inhibitory synapses,
decreased PKA activity, in conjunction with activation of the Ca®*-sensitive phosphatase calcineurin (CaN), shifts the phosphorylation status of an unidentified
presynaptic target (T) required for iLTD. The active zone protein RIM1a and the vesicle-associated protein Rab3B are also necessary for iLTD. Induction of eCB-
LTD may require presynaptic Ca®* rise through VGCCs, NMDARSs, or internal stores (not shown). Dashed lines indicate putative pathways.




Differentiation

FIGURE 3. Endocannabinoid and phytocannabinoid modulation of bone formation and resorption. Blue
arrows indicate stimulation, and red blunted arrows indicate inhibition. The molecular targets through which
anandamide (AEA) and 2-arachidonoylglyceral (2-AG) seem to modulate osteoblast and osteoclast differentia-
tion and activity are shown. Cannabidiol was suggested to inhibit osteoclast and stimulate osteoblast differen-
tiation by blocking GPRS55.



Fyziologie endokrinniho systéemu

(dle Borona)



e Systémy komunikace a koordinace

* Chemicka signalizace se deje endokrinne, parakrinné nebo autokrinné
* Endokrinni zlazy

e Parakrinni faktory (pusobky)

* Hormony mohou byt peptidy, derivaty aminokyselin nebo metabolity
cholesterolu

* Hormony mohou cirkulovat volné nebo vazané na proteiny
* Imunometody umoznuiji precizni stanoveni cirkulujicich hormonu

* U¢inek hormond mUze byt synergicky (komplementarni) nebo
antagonisticky

* Endokrinni regulace se déje zpétnovazebnym mechanismem
e Endokrinni regulace muze zahrnovat hierarchické stupné kontroly



* Adenohypofyza reguluje reprodukci, rist, energeticky metabolismus a
stresovou odpovéed

* Neurohypofyza reguluje vodni bilanci a kontrakce uteru

* Specializované bunky produkuji, skladuji a sekretuji peptidickeé
hormony

* Peptidické hormony se vazi na povrchové bunécné receptory a
aktivuji systémy prenosu signalu (cAMP, PLC, PLA2, GC, rTK, TKaR)

* Nékteré hormony jsou odvozeny od tyrosinu a tryptofanu

* Hormony odvozené od AMK s vyjimkou hormonu stitné zlazy pusobi
prostrednictvim povrchovych receptoru

* Cholesterol je prekurzor pro syntézu steroidnich hormonu

* Steroidni hormony pusobi pres cytosolové/jaderné receptory a
reguluji genovou expresi



* Hormony stitné zlazy se vazi na jaderné receptory a reguluji metabolismus
 Steroidni hormony i hormony stitné zlazy maji i negenomické ucinky

* Rustovy hormon je sekretovan somatotropnimi burikami adenohypofyzy a
je hlavnim endokrinnim regulatorem rustu

* RH je rodinou hormonu s prekryvajicimi se ucinky

* Somatotropni bunky sekretuji RH v pulzech

* Sekrece RH je pod primou kontrolou somatostatinu a somatoliberinu
* RH a IGF-1 zpétnovazebné ovlivhuji sekreci RH

* Kratkodoby ucinek RH je antiinzulinovy (diabetogenni)

* Dlouhodoby ucinek je RH je zprostredkovan IGF-1

* |GF-1 je hlavnhim mediatorem zprostredkujicim rastové ucinky GH

* IGF-2 pUsobi méné zavisle na RH

* Rychlost rustu kopiruje plasmatické hladiny IGF-1 s vyjimkou ¢asnych a
pozdnich zivotnich stadii




* Hormony stitné zlazy, steroidni hormony a inzulin rovnéz ovliviauji rust

* Muskuloskeletalni systém odpovida na rustové stimuly osy GHRH-RH-IGF-
1

* T4 a T3 jsou syntetizovany iodinaci tyrosinovych zbytku thyreoglobulinu a
jsou skladovany ve formée molekul thyreoglobulinu ve folikulech

* Folikularni bunky pfijimaji iodidovany thyreoglobulin, hydrolyzuji jej a
uvolnuji T3 a T4 do krve

* Periferni tkaneé deiodinuji T4 na T3

* Hormony stitné zlazy pusobi pres jaderné receptory

* Hormony stitné zlazy maji rovnéz negenomické ucinky

* Hormony stitné zlaty zvysuji BMR

* Hormony stitné Zlazy jsou esencialni pro normalni rust a vyvoj

* TRH z hypothalamu stimuluje thyreotropni bunky adenohypofyzy k
sekreci TSH, ktery stimuluje syntézu T4 a T3




* T3 zpétneévazebné inhibuje sekreci TSH
 Kortizol je primarni glukokortikoid
e Zona fasciculata konvertuje cholesterol na kortizol

 Kortizol se vaze na cytosolicky receptor, ktery je translokovan do jadra a
ovliviuje genovou expresi

 Kortikoliberin hypothalamu stimujuje adenohypofyzu k sekreci ACTH,
ktery stimuluje sekreci kortizolu

* Kortizol vykazuje negativni zpétnévazebny efekt na CRH a ACTH
e Stres stimuluje sekreci kortizolu prostrednictvim vyssich CNS center
* Mineralokortikoid aldosteron je primarnim regulatorem ECV a Na

* Bunky zona glomerulosa syntetizuji aldosteron z cholesterolu pres
progesteron

* Aldosteron stimuluje Na+ reabsorpci a K+ exkreci
* Angiotenzin Il, K+ aACTH stimuluji sekreci aldosteronu



* Aldosteron vykazuje neprimou negativni zpétnou vazbu na osu renin-
angiotenzin zvysenim efektivniho cirkulacniho objemu a snizenim
plasmatické koncentrace K;

* Dren nadledvin spojuje endokrinni systém a sympaticky nervovy systém
* Pouze chromafinni bunky drené maji enzym pro syntézu adrenalinu

* Katecholaminy se vazi na alfa a beta adrenergni receptory na bunécnych
membranach a pusobi prostrednictvim heterotrimernich G proteint

* Osa CNS-adrenalin zajistuje integrovanou kontrolu mnoha funkci (cviceni,
hypoglykémie)

* Langherhansovy ostruvky jsou endokrinni i parakrinni tkani

* Inzulin doplnuje energetické zasoby ve svalech, jatrech a tukové tkani

* Beta bunky syntetizuji a sekretuji inzulin

* Glukoza je hlavnim regulatorem sekrece inzulinu

* Metabolismus Glu (Gal, Man) v beta burnikach ovliviiuje sekreci inzulinu



* Nervové a humoralni faktory moduluji sekreci inzulinu

* Inzulinovy receptor je receptorovy tyrosinkinaza

* Vysoké hladiny inzulinu vedou k downregulaci inzulinovych receptort
 V jatrech inzulin stimuluje konverzi Glu na glykogen nebo TAG

* Ve svalech inzulin zprostredkovava prijem Glu a jeji uchovavani ve formé
glykogenu

e V adipocytech stimuluje inzulin uptake Glu a jeji konverzi na TAG

e Pankreatické alfa bunky sekretuji glukagon jako odpovéd na AMK

* Glukagon pusobici prostfednictvim cAMP zvysuje syntézu Glu v jatrech

* Glukagon zvysuje oxidaci tukl v jatrech, coz muze vést ke ketogenezi

* Somatostatin inhibuje sekreci RH, inzulinu a dalSich hormon

 GIT, ledviny a kosti reguluji homeostazu vapniku a fosfatu

e Kortikalni kost a trabekularni kost jsou dva hlavni typy kosti

e Extracelularni matrix predstavuje prostredi pro nukleaci krystall hydroxyapatitu



 Remodelace kostni tkané je zavisla na souhre osteoblastl a osteoklastu
* Plasmaticka hladina Ca2+ reguluje syntézu a sekreci PTH

* Hyperkalcémie inhibuje syntézu a sekreci PTH

* PTH receptor je sprazeny s G proteinem a adenylatcyklazou a PLC

 V ledvinach PTH stimuluje reabsorpci Ca2+, exkreci fosfatl a 1-hydroxylaci
25-OHD

* V kostech stimuluje PTH kostni formaci nebo resorpci
e Aktivni formou vitaminu D je jeho 1,25-dihydroxymetabolit

 Vitamin D pres pusobeni v tenkém strevé a ledvinach zvysuje kalcémii a
stimuluje mineralizaci kostni tkané

e Ca v potrave snizuje, zatimco fosfaty zvysuji, hladiny PTH a 1,25-D
* Kalcitonin inhibuje osteoklasty, ale jeho efekt je kratkodoby
* Pohlavni hormony stimuluji kostni formaci, glukokortikoidy kostni resorpci



Cell-based
model of
coagulation

Key:
 Enzyme |
Cofastor >

. Exmmm/

INTRINSIC

COMMON

Figure1: The cascade model of fibrin formation. This model
divides the coagulation system into separate redundant path-
ways (extrinsic and intrinsic) either of which can result in gen-
eration of FXa. The common pathway results in generation of
thrombin and subsequent cleavage of fibrinogen to fibrin. Many
of the enzymes and enzymatic complexes require calcium
(Ca®>™) and binding to active membrane surfaces (PL) for full
activity. See Table 1 for abbreviations. For simplicity, feedback
activation of procofactors to cofactors and the many inhibitors
of the various enzymes have been omitted.
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