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Farmakodynamika se zabyva tim, jak Ié€ivo pusobi na
organismus, jaké jsou mechanismy pusobeni IéCiv.

Cilové struktury specifického pusobeni lIéCiv:

- Latka pusobi na zakladé prostorové interace své molekuly s proteiny
‘receptory

siontové kanaly

enzymy

transportni (prenase€ové; karierové) systémy

jiné struktury, napr. DNA
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Hlavnimi cily vétSiny IéCiv jsou receptory, které se déli do téchto rodin:

Receptory spjaté s G-proteiny (metabotropni)
-napf. muskarinové M receptory

Receptory spojené s iontovymi kanaly (ionotropni)

— napf. nikotinové rec.,vysledkem aktivace téchto receptort je
depolarizace postsynaptické membrany nebo inhibi¢ni hyperpolarizace
membrany

Receptory spojené s enzymovou aktivitou
napf. tyrosin kinasovou, serin/threonin kinasovou aj.
-inzulinovy receptor, receptory pro rustové faktory

-EGFR receptor

Jaderné (nuklearni) receptory regulujici genovou expresi

Investice dorozvoje vzdélavani



1. G ,,coupled receptory

Plasma
membrane

G-protein-linked (GDP

receptor G protein \ /j
(a) G-protein system in inactive form Enzyine
Receptor Signal molsoufe Activated

(activated) '

Active G protein

GDP displaced
by GTP

(b) G-protein system in action

(c) Return to inactive form ®:

®1999 Addison Weasley Longman, Inc,

G proteiny — GTPazy,
které zprostredkuji prenos
signalu na dalSi enzymy
(pFfedevsim adenylat
cyklazy, fosfolipazy C a
iontové kanaly) v ramci
bunécénych signalizacnich
kaskad,

-skladaji se z riznych
podjednotek a, B, y

-ty vytvari tzv. sekundarni
mesengery (CAMP, DAG,
inositol trifosfat aj.), které
aktivuji dalsi kinazy

-signal je pfenesen do
jadra, kde jsou oS
fosforylovany transkripéni eetn
faktory

e
e
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Biogenic amines Amino acids and ions

Noradrenaline, Glutamate, Ca?*,
dopamine, GABA

5-HT, histamine, -

acetylcholine

3 il

A" Others

G-protein-independent
effector molecules

Lipids
LPA, PAF, prostaglandins, leukotrienes, anandamine, S1P

Peptides and proteins

Angiotensin, bradykinin, thrombin, bombesin, FSH, LH. TSH, endorphins

Light, odorants, pheromones, nucleotides, opiates, cannabinoids, endorphins

N

@ @ D

GTP

Adenylyl cyclases,
inhibition of cAMP
production,

ion channels,
phosphodiesterases,
phespholipases

GTP

PLC-B,
DAG,
Ca?',
PKC

GTP

Adenylyl cyclases,
increase in cAMP
concentration

lon channels,
PI3Ky, PLC-j,
adenylyl cyclases

D

GTP

RhoGEFs,
Rho

Biological responses
Proliferation, differentiation,
development, cell survival,

angiogenesis, hypertrophy,
cancer

Gene expression
Q regulation

TRENDS In Pharmsacological Sclences
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Cell Receptor G-protein

B-subunit GTP
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o

Activated
Protein Kinase
C (PKC)

proteins
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l Cell Interior

Releases Ca ™ from
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G protein-coupled receptors

® S-Hydroxytryptamine receptors

® Acetylcholine receptors (muscarinic)

® Adenosine receptors

® Adrenoceptors

~AnSphyIStoxin TECeptors

® Angiotensin receptors

® Apelin receptor

® Bile acid receptor

® Bombesin receptors

® Bradykinin receptors

® Calcitonin receptors

® Calcium-sensing receptors

® Cannabinoid receptors

® Chemokine receptors

® Cholecystokinin receptors

® Corticotropin-releasing factor receptors
Dopamine receptors

® Endothelin receptors

® Estrogen (G protein coupled) receptor
Formylpeptide receptors

® Free fatty acid receptors
Frizzled receptors

® GABAR receptors
Galanin receptors

® Ghrelin receptor

® Glucagon receptor family

® Glycoprotein hormone receptors

® Gonadotrophin-releasing hormone receptors

® Histamine receptors
Hydroxycarboxylic acid receptors

® Kisspeptin receptor

Leukotriene receptors
Lysophospholipid receptors
® Melanin-concentrating hormone receptors
® Melanocortin receptors
® Melatonin receptors
® Metabotropic glutamate receptors
Motilin receptor
® Meuromedin U receptors
® Meuropeptide FF/neuropeptide AF receptors
® Meuropeptide S receptor
® Meuropeptide W/neuropeptide B receptors
® Neuropeptide ¥ receptors
® Meurotensin receptors
® Opioid receptors
Orexin receptors
® P2Y receptors
® Parathyroid hormone receptors
Peptide P518 receptor
® Platelet-activating factor receptor
® Prokineticin receptors
® Prolactin-releasing peptide receptor
® Prostanoid receptors
Protease-activated receptors
® Relaxin family peptide receptors
® Somatostatin receptors
Tachykinin receptors
® Thyrotropin-releasing hormone receptor
® Trace amine receptor
® Urotensin receptor
® VIP and PACAP receptors
Vasopressin and oxytocin receptors

Class A Orphans
® Class B Orphans
® Class C Orphans
Mon-signalling 7TM chemokine-binding proteins
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2. lonotropnireceptory

bunééna
membrana

predpokladané umisténi vazebnich mist
na GABA,-receprotru pro

- GABA @ - pikrotoxin (clomethiazol) O

- etanol O - benzodiazepiny (zopiclon, @
zolpidem, flumazenil)
- barbituraty Q

O

Sodium ion

Subunits

R -

: . Acetylcholine

Y oL Gamma \1 ]

I Ve ‘ / Binding
: — / l S AP site

ﬁi -“'-“ . Sw ’».‘
# A & < Alpha Alpha

Obr. 7.12. GABA,-receptorovy komplex

GABA , receptor spojeny s kanalem pro chloridové ionty -
postsynapticky receptor spojen s chloridovym kanalem -
zpusobuje hyperpolarizaci a pokles excitability,
-prostiednictvim GABA, pusobi napf. benzodiazepiny
(vazi se na modulaéni misto receptoru a facilituji
pusobeni GABA), podobné pulsobi i barbituraty, alkohol

GABA, —kyselina y amino maselna

-nej¢astéjsi inhibicéni neurotransmiter v CNS

Nikotinové receptory -postsynapticky

receptor spojen s kanalem pro sodné
a draselné ionty
- vaze neurotransmiter acetylcholin evropsky
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Ligand-gated ion channels

L-HT= recentors

GABA receptors

GIYCITE TECEpLOTS

LerererEr e e e e e e e ——

Micotinic acetylcholine receptors

PZX receptors
ZAC

Voltage-gated ion channels

® Calcium-Activated Potassium Channels

e CatSper and Two-Pore Channels

@ Cyclic Nucleotide-Regulated Channels

e Inwardly Rectifying Potassium Channels

® Transient Receptor Potential Channels
Two-P Potassium Channels

® Voltage-Gated Calcium Channels

® Voltage-Gated Potassium Channels

® Voltage-Gated Sodium Channels
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4 . Nuklearni receptory

hormone

Q
HSP
changed
cell function ‘\

)y % — %)30 NR dimer

rotein
DL:ES NR/hormone P
complex nuclear _)
e
NR/HSP por mRNA
complex ribosome
cytoplasm "\
coactivator
> nuclear
envelope
RNA polymerase mRNA
) !
NR dimer %g - _)
nuclear DNA /) \
HRE target gene

-nuklearni receptory vazi ligand
(nejCastéji steroidni struktury) v
cytoplazmé, translokuji do jadra a zde se
vazi na responzivni mista promotorové
regulacni oblasti cilovych gend,
sprousteéji transkripci

cell
membrane

Nuclear hormone receptors

e (A Thyroid Hormone Receptors |
® B, ReEUnoiC acid TECEpLors

#® 1C. Peroxisome proliferator-activated receptors
# 1D. Rev-Erb receptors

#® 1F. RAR-related orphan receptors

® 1H. Liver X receptor-like receptors

e LI Vitamin D receptor-like receptors |
® 2A. Hepatocyte nuclear factor-4 receptors

#® 2B. Retinoid X receptors

® 2C. Testicular receptors

® 2E. Tailess-like receptors

e Z2F, COUP-TF-like receptors

® BA. Estrogen receptors |
Ectronen-relatod recentnre

3-Ketosterpid recentors I
. Nerve growth factor IB-like receptors
. Fushi taruzu F1-like receptors
. Germ cell nuclear factor receptors
. DAX-like receptors

mineralokortikoidni,
glukokortikoidni, estrogenni,
androgenni, progesteronovy

-
evropsky
sociiin
fond v CR
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4. Receptory spojené s tyrosin kinazovou aktivitou

-spousti forsforylaéni kaskady fosforylaci tzv. downstream kinaz, nakonec jsou
aktivovany forsforylaci transkripéni faktory v jadre

EGF receptor EGFR —receptor spojeny s tyrosin kinazovou
aktivitou

Extracellular
domain

i ™ ™ viz. biologika
® D WaRD
pae GO e ated Chemokines,
Ras Hormones,
Survival Factors Transmitters Growth Factors
(e.g.. IGF1) (eg. interleukins,  (e.. TGFa, EGF) E"'m::"“’
1 serotonin, etc.) l l
1 —GPGR :_' ! rE——
3 4 Integrins
RTK . RTK _ wcaz“// Wit
* Fyn/Shc /
PLC GrbZ‘SOf/ l .|
PI3K <— G—Proteun Ras FAK Dishevelled +— g _
Src )
R f i
P'ic Adenylate } aRk-p I o
cyclase Hedge
g / PKA / ‘ =
Cytokines Sy | IxB MEKK ~ MAPK  MKK fi-catenin
(eg. EPC) %’ STATJ 5 | / \ | VeE
’ 1 X
=
(8) Myc: = Mad: s
ch el ERK J'i’“ fi-catenin.TCF < I
Cytochr Gli -— g !
b
Caspase 9 evropsky
fond vCR
Caspase 8 — Apoptosns
FADD Bel-2 — Z Proliferation jil

Smads
F—' Bad\‘ Mt<— Bax ﬁ
Abnormality : A
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OF Vidhidn b
PO homk srenceschopnont

INVESTICE
DO ROZVOJE
VZDELAVANI

Death factors

(e.g. FasL, Tnf)
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Kvantitativni aspekty interakce léCivo-receptor

Koy signal .
[R] + [A] - “[RA] » Ucinek
K4
R = r’eE:-eptor kompenzacni
A = 1eCIVOo faktory
RA = komplex receptoru s leCivem
K,;, = konstanta asociace
K, = konstanta disociace

vvvvvvvv
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Krivka davka-ucinek
Kvantitativni (stupniovany) vztah mezi koncentraci (davkou) a ucinkem

angl. (Concentration-, resp. Dose-Response Curve)
-zavislost obsazeni receptoru (Par) na koncentraci agonisty (A)

obsazeni receptorl
koreluje S []é"‘]kem (E) Zavislost frakéni okupace receptorua (par) na

koncentraci agonisty [A]: Hillova-Langmuirova rovnice

1% R v Emax pa=
UcCinek se take oznacuje 100% iadlE :

jako L /
vnitini aktivita a (angl. s

INTRINSIC ACTIVITY), 7
efficacy)

\

Ve vysokych LA = Ka
re 2 4 6 8 10 12 14 2 4 6 8

koncentracich xoncentrace [A] log [l

y v » ‘(aritmetické méritko)

ucinek dale

nestupnuje (Emax100%)-

vSechny receptory

jsou obsazené




Krivka davka-ucinek

Kvantitativni (stuprniovany) vztah mezi koncentraci (davkou) a ucinkem

@

Afinita |igandu k Koncentrace v aritmetickém nebo logaritmickém m
. Par ’

receptoru je o | B

1 7
schqpnost se = /
navazat /
Vyjadruje ji 5 50%
parametr ED50

, Kq Kq4

koncentrace(davka, =/2 P S R S o e e o
ktera VyVO|é koncentrace [A] log [A]

(aritmetické méritko)
(mg/litr)
EDSO0 (afinita) agonisty A je 4 mg/litr

poloviéni (50%)
ucinek



Srovnani krivky davka-ucinek (DRC) agonisty a parcialniho agonisty

100 —""'""""""--, ------------------------
plny A B
agonista -, Y plny
\agoni sta
parcialni
zmena agonista
funkce S0 _""""""’1:\; --------------------------
v %
maxima
O ——Z ______ T _________________

0,1 10 10 100 1000 mg

koncentrace v log. stupnici

g
=8
]
%
z

28

73:5:
$ g
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Ligandy receptoru:

ssuperagonista (angl. superagonist): lLA. > 1; {j. vyvola vetsi odpovéd
nez endogenni ligand; efficacy je vySsi nez u endogenniho agonisty.

sagonista (angl. full agonist): l.LA. = 1; {j. aktivita (uCinnost — efficacy) je
totozna s endogennim ligandem — dosahne stejné E, .

sparcialni agonista (angl. partial agonist): [.LA. =0 ~ 1; ligand vyvola
submaximalni odpovéd i pfi maximalni saturaci receptoru. Efficacy je
nizSi nez u endogenniho agonisty.

eantagonista (angl. antagonist): l.A. = 0; tj. nevyvola Zzadnou funkcni
odpovéd (vnitfni aktivitu).
*Tedy ma afinitu vici receptoru (vaze se na receptor), ale nema zadnou

efficacy = blokator Ef
*inverzni agonista (angl. inverse agonist): I.A. < 0 (inverse efficacy) ﬂ
- U konstitutivné aktivnich receptort N

antagonista kompetitivni- soutézi s jinymi latkami o vazbu na receptor

antagonista NEkompetitivhi — obsadi jiné misto na receptoru, nekompetitivni antagonista mtize byt také  _ ===

ireverzibilni, vyradi funkci receptoru
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KFivKa ;.ka - acinek 200NISty v pritomnosti
kompetitivniho
a nekompetitivnhiho antagonisty
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