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Priklady z historie a zakladni pojmy farmakologie

1897 Felix Hoffmann, chemik, ktery pracoval pro némeckou firmu Bayer, O
vyrobil derivat kyseliny salicylové esterifikaci jedné hydroxyskupiny.

Rozvoj farmakologie

1964 dVOjI' uéinek adrenalinu PrestoZe konkrétnimi Ie€ivy se zabyvéa aZ speciaini ¢ast farmakologie, méli
i byste se jiz ted seznamit s prvnim syntetickym a doposud nejuspésnégjsim
beta-blokatory — lékem vsech dob. Je jim kyselina acetylsalicylova.

Vznika acetylaci kyseliny salicylové, coz je sloZzka listd a kary vrby (Salix).
propranolol —James W. Black  [ya sine protizanative ueinky. snizuje teplotu a tlumi bolest. Ma ovem
nezadouci uéinky na zaludecni sliznici a ve vysokych davkach muze vyvolat i
Z2avazZnou otravu. Je to dodnes jedno z nejvice predepisovanych I&civ na svété

1975 antagonista a slouzi jako srovnavaci standard pro jiné podobné latky.

H2-receptoru — cimetidin 1. chemicky nazev: kyselina 2-acetoxybenzoova COOH

James W. Black o o C{

sumarni vzorec:

1988 — Nobelova cena T 0
THALIDOMIDOVA TRAGEDIE strukturni vzorec: 2\
1951-56 (10tis déti) genericky nazev: kyselina acetylsalicylova 0 CH,
Ne v USA internacionalni nechranény nazev: acidum acetylsalicylicum

lékopisny nazev: Acidum acetylsalicylicum
obchodni nazvy: ASPIRIN®, ACYLPYRIN®, ANOPYRIN® a mnohé|dalsi

L T SO T ]

Nahoda ve vyvoji léCiv
penicilin, chlorpromazin, viagra
NCE, me too drugs, generika
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Priklady z historie a zakladni pojmy farmakologie

Definice

,farmakologie je véda zabyvajici se interakci chemické latky
(Iéciva) s Zivym organismem”

farmakodynamika

organismus ) > m
farmakokinetika

FARMAKOKINETIKA - fecky farmakon = |ék, recky kinein = pohybovat
zkouma osud Iéku v organismu (plsobeni organismu na lék), tj. vstfebavani
(absorce), rozdélovani v jednotlivych tkanich (distribuce), preménu na ucinné
a/nebo neucinné latky (biotransformace/metabolismus) a vylu¢ovani (eliminace)
-ADME.

FARMAKODYNAMIKA - recky farmakon = |ék, recky dynamis = sila,
zabyva se ucinkem a mechanizmem ucinku Iéciv i nezadoucich
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Mechanismus plisobeni (action) l1éciv F
A
Davka podaného |éciva I';
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Farmakokinetika
ABSORPCE
|
receptor +
‘\L Y,Ovl.né < > I/’ovl.ne > ;/éoc";lir:/z
depotni A/V €Civo eC1vo
vazba I
1é¢ivo vazané
Biotransform. nebo krevni bunky

na plazmatické proteiny

organy

R

r lnl
metabolit ——p Yolny g VOV
depotni A/v metabolit metabolit

vazba I

metabolit vazany na
plazmaticke proteiny

nebo krevni bunky
o . VYLUCOVACI
TKANE KREVNI OBEH ORG ANY
EXKRECE
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Farmakokinetika

Absorpce - prinik rozpusténého léciva z mista
podani do krve — nutna pro celkovy ucinek -
systémovy

enteralni (do traviciho ustroji):

per os (Usty)
per rectum (do konecniku)

parenteralni (s obejitim streva):
intravendzni - i.v.
intraarterialni - i.a.
_ intramuskularni - i.m.
subkutdnni - s.c.
iy IIII N> per os sublingualni
IIllllllllll‘“i"“i‘ii.......__ nakda o
» na nosni sliznici
Cas inhalaéni
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Farmakokinetika
Enteralni podani Per rectum (Cipky)
Ucinek nastupuje do 30 minut. ucinek nastupuje do 15 minut
modifikujici faktory: jak pro mistni ucinek, tak pro systémovy

- pH zZaludku, enterosolventni obal

v v vers |ékova forma nesmi drazdit sliznici rekta,
- soucasné pozita strava

- motilita GIT

- stav GIT—zaludecni kyselina,

Fluové kyseliny, Intravenozni (i.v.) - injekce, infuze
pankreatické a stfevni Stavy ucinek nastupuje do 1-2 minut

- stav jater - méstnani ve v. portae . . 5 .
- znamena, ze se témer ihned vsechno podané

|é¢ivo dostava do Zilniho a vzapéti rychle i do
efekt prvniho prichodu - tepenného krevniho ob&hu - odpada faze

. . absorpce
desintegrace, desagregace, disoluce P
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Farmakokinetika

Distribuce

prhnik léciva s krve do tkani je dynamicky dé;j:
rychlost - ktera zavisi na vazbé,
prliniku pres biomembranu, pritoku orgdnem
stav - distribu¢ni rovnovaha, kdy se vyrovnaji
podily volnych frakci |éCiva v plazmé a ve tkanich
Distribucni objem-Vd — hypoteticky pomér mezi mnozstvim

|éciva v organizmu a dosazenou plazmatickou

koncentraci
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Farmakokinetika

Eliminace léCiv z organismu

Biotransformace - metabolismus

Procesy probihajici prevainé v jatrech, ale i v ledvinach a jinych tkanich téla.

Enzymatické procesy

biodegradace

bioaktivace (prodrug)
enalapril-enalaprilat
kodein-morfin

1. Faze: oxidace, hydrolyza —
je zachovana urcita liposolubilita
2. Faze: konjugace —

latky se stavaji rozpustné ve vodé.

Strana 10

Portal »
b

o
er A
= K
fepatic cirew

 Renal Lipophilic
: elimination *_drug
Ll

" -a— Hydrophilic
¥ conjugation product

(Edlaw_F——--

o™ @ njugation
I by microbial
\\ B-glucuronidase
Enter;
ahsorption i
\-.R_\-.

C
&>
a

&

i
icrobi
.
D

© Ondfrej Slaby, 2009



Uvod do molekuldrni mediciny 7/12

Reakce I. faze (tab. A) predstavuji oxidaci za pfitomnosti CYP,s5, redukci a hydrolyzu aj.,

nebo jsou na CYP,, nezavislé. Molekula latky se zmensuje.

Reakce Il. faze (tab. B) jsou déje vedouci ke konjugaci molekuly |é¢iva s kyselinou
glukuronovou, sirovou, acetatem, glutationem aj. S vyjimkou acetatd vznikaji polarni
metabolity, tj. rozpustné ve vodé, které se snadno vylucuji zejména glomerularni filtraci.
Nékteré z nich (napf. glukuronidy) se navic sekretuji do moce aktivnim transportem

ledvinnymi tubuly. Molekula latky se zvétsuje.

A. reakce I. faze Typické substraty B. reakce II. faze

Oxidace dependentni na CYP450 Glukuronidace

Hydroxylace Barbituraty, amfetaminy, fenytoin

Acetylace
N-dealkylace Morfin, kofein, teofylin
O-dealkylace kodein Konjugace s glutationem
N-oxidace Acetaminofen, nikotin Konjugace s glycinem
S-oxidace Tioridazin, cimetidin,

: Konjugace s kyselinou sirovou
chlorpromazin

Deaminace diazepam Metylace

Oxidace nedependentni na CYP450

Oxidace aminl adrenalin

Dehydrogenace etanol

Redukce Chloramfenikol, naloxon,
dantrolen

Hydrolyza:

hydrolyza esteru Prokain, acylpyrin, klofibrat

hydrolyza amid( Prokainamid, lidokain,
indometacin

Typické substraty

Acetaminofen, morfin, diazepam, digitoxin

Sulfonamidy, izoniazid, klonazepam

kyselina etakrynova
kyselina salicylova
metyldopa, acetaminofen

adrenalin, noradrenalin, dopamin
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Farmakodynamika - Mechanismy ptlisobeni léciv

l. Nespecifické, fyzikalné chemické plsobeni léCiv
Il.  Specifické plisobeni léCiv
= cilové struktury specifického pUsobeni
receptory
iontové kanaly
enzymy
transportni (prenasecoveé; kariérove) systémy

s wihe

jiné struktury

Strana 12
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Farmakodynamika
Nespecifické, fyzikalné-chemické pusobeni 1éCiv

Latky pusobici osmotickymi vlastnostmi

- plsobi tak latky samy neprostupujici pres bunécéné membrany, které jsou vsak

prostupné pro vodu (mannitol)
Latky ovliviujici acidobazickou rovnovahu

- prikladem mohou byt antacida, latky ménici pH moce (napf. acidifikujici stl —

chlorid amonny - pfi otravé amfetaminy)
Latky ptisobici oxido - redukénimi vl.

- nékterd desinficiencia (napf. peroxid vodiku) plsobi jako oxidujici l1atka,
methylenova modr se pro své redukujici schopnosti pouziva k |écbé
methemoglobinémie, expektorancia typu N-acetylcysteinu plsobi redukci
disulfidickych mUstk( glykoprotein( hlenu

Adsorbencia
typickym prikladem latky s velkym povrchem vazajicim (adsorbujicim) jiné Iatky,
toxiny, apod. je adsorpcéni (Zivocisné; aktivni) uhli
Surfaktanty, detergentia
ovliviuji povrchové napéti membran bunék, pouzivaji se jako desinficiencia a
antiseptika (mydla, benzyldodecinium bromid, carbethopendecinium bromid aj.)
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Farmakodynamika
Specifické pusobeni léciv

plUsobeni naprosté vétsiny |éCiv neni zaloZzeno pouze na jejich
fyzikalné-chemickych vlastnostech

— je podminéno schopnosti vazat se specificky na urcitou
makromolekularni strukturu tkani; tyto struktury
,rozpozndvaji molekuly lé¢iv s pfisné uréenym chemickym
usporadanim, v€etnée prostoroveé konfigurace

— stereospecifické plsobeni
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Klasické cilové struktury specifického pisobeni léCiv

Y 1. receptory
W 2. iontové kanaly
é 3. enzymy
@< 4. transportni
(prenasecové;

kariérove) systémy

Smooth muscle Inhibition of Smooth Heart muscle .. ,
contraction transmitter muscle contraction, 5 J k y
release contraction smooth muscle I n e St r u t U r

relaxation,
glycegenolysis
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1. Receptory

Receptory jsou bunécné makromolekuly, které jsou spojeny primo a specificky s
prenosem chemického signalu uvnitf a mezi bunkami; spojeni hormonu,
neurotransmiteru, |éCiva ¢i druhého posla (,,messenger®) s prislusSnym
receptorem vede ke zméné bunécné funkce

Kod Trida

1.0. receptory spojené s
iontovymi kanaly

2.0. receptory spjaté s
G-proteiny

3.0. receptory s
enzymovou
aktivitou

4.0. receptory regulujici
transkripci

Tabulka zobrazuje zakladni tfidy receptort
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Receptory sprazené s iontovymi kanaly (ionotropni receptory)

* typické pro rychle plsobici neurotransmitery: (excitacni — nikotinové,
glutamatové rec., inhibicni GABA, rec.)
* rychla odpovéd (fadoveé ms)

* jiné priklady: 5-HT; rec. - antagonisté - antiemetika (ondansetron,
granisetron) - blok 5-HT;; receptory pro glycin podobné GABA, rec.

Chilaride

GABA sile channel

Strana 18 © Ondfej Slaby, 2009
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Receptory spjaté s G-proteiny (metabotropni)

nazev odvozen od skutecnosti, ze
vazi GDP nebo GTP

funkce G-proteinu
tfi zakladni typy G-proteinu:
= G,: systém adenyldtcyklaza/cAMP
" G, system fosfolipaza C
/inositolfosfatidy
= G;: systém iontovych kanall

Gs

cAMP as a Second Messenger

1. Homnone binds 1o recepior

L TS pdemyyt

e

& prodein -
- g e
é-‘ﬁn T DA G
g x

Iy 5. Hommone wnbinds; TP
Is Pycrctymad; sysham
reverts fo “resting” slolus

4.5, ,binds to odemyi cyclase
acivaling if lecding lo

wynihesis of CAMP

2. Confcernational change in
receptor opens binding

site for & profein; G prolein
binds o receptor

2

4 Q
v
3. Binding fo recepiol induces
confromational change in G,

TP repioces GOP leading
for clissociation of G prolein

i

iy
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Gqg

Signaling Agnoist

Activated Phospho-
G-protein  |ipase C-p
w=-subunit \

Diacylglycerol (DAG)
i

Activated

Protein Kinase
C (PKC)

Cell Receptor G-protein

B-subunit GTP

Triphosphate (IP,) 1 Fhosphorylates cell

proteing

Releases Ca *" from
endoplasmic reticuluim
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priklady G

B-adrenergni

podskupina D, dopaminovych receptort - zahrnuje D, a D:

histaminové H, receptory (Zaludecni sliznice, srdce, hladky cévni sval)

odpovéd se dostavuje radove v sec (plati pro G-proteinové receptory obecné)

prlklady G,

- adrenergnl receptory

* nékteré metabotropni receptory excitacni aminokyseliny glutamatu - spojeny s
tvorbou IP; - a excesivnim uvolnénim vapniku, coz mudze prispivat k excitotoxicité
Glu (= navozeni neuronalni smrti)

* histaminové H, receptory (hladké svaly bronch, stfeva, endotelové buriky)—>
vasodilatace, {, TK, T permeability cév, edém

priklady G;
*muskarinové receptory Ach v srdci (M,), opioidni receptory (u-rec.)

*podskupina D, receptoru — zahrnuje D,, D;a D, rec.; tato podskupina
zprostredkovava znamé ucinky DA (agonisté — dopamin, apomorfin, bromocriptin;
antagonisté — neuroleptika), cannabinoidni receptory CB, a CB,

Strana 21 © Ondfej Slaby, 2009



Uvod do molekuldrni mediciny 7/12

Receptory spojené s enzymovou aktivitou

e jsou spojeny s tyrozinkinazovou aktivitou

* Predevsim receptory pro rlistové faktory, interleukiny, insulin aj.,

* receptor pro atridlni natriureticky peptid (ANP) je sprazen s guanylatcykldsovou
aktivitou

« odpovéd radové v min S

(EGF) or ligand-
independent
activation

Tyrosine
kinase domain

W’ (S0 Inhibition of
tyrasine KD Inhibition of
phospherylation —— downstream
of the receptor signalling

Activation of immune
respanses (ADCC

S [

Deregulated and CDC)
% activation
of downstream
signalling
pathways =,
o - P
=4 //Receplof \\
Abnormal activities Inhibition of tyrasine Y ' l ¥ y internaliaticn \Q\
Proliferation/differentiation phespharylation of Y- v I I i J\S
Invesion and metastasis the receptor ‘ Ly et |
| Angiogenesis -\". Pidlde o i
f Ee::mr‘?\’al : '\ \ fal B
ell-cyele progression & 18
Inhibition of 3
downstream
signalling
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Receptory regulujici transkripci (jaderné receptory)

Receptory regulujici transkripci - lokalizovany v bunécném jadre, pripadné v
cytosolu

ucinky se plné rozviji béhem hodin az nékolika dnd (nutnd syntéza proteini)

Dvé podtridy:
» podtfida nesterodinich receptoru
(napf. receptory pro hormony stitné zlazy, vitamin D, kyselina retinova)
» podtFida receptoru steroidnich
» (napf. rec. pro hydrokortison, testosteron, aldosteron, aj.)

trana
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Receptory regulujici transkripci (jaderné receptory)

Histone deacetylation

losed
RAR . \(c ose }_H_)
RXR Co-repressor ‘1@ No
No  dimer Ao transcription
retinoic I | RARE I Target gene |
acid
|
I
I
I
I
I
I
i
I
I
\I:/
(open)
RAR B -~~~ . N
RXR Co-activator \ z
A T v
With  dimer Y ranscription
retinoic | | RARE | Target gene
acid -
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2. lontové kanaly

Napfiklad lokdIni anestetika blokuji sodikové kandly membran neurond

(i kardiomyocyt() a tim blokuji Sifeni AP (benzokain — vné, lidokain, tetrakain ad. — blok
zevnitr)

Blokatory vdpnikovych kandli snizuji vstup vapenatych iontd do hladkého svalu
(pfedevsim cévniho) a do kardiomyocyttd = vasodilatace)

lignocaine blocks
Blokatory draslikovych kandli sodium ion channels in
(derivaty sulfonylmocoviny, pain neurons
meglitinidy, flupirtin —s
elective neuronal potassium
channel opener)
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3. Enzymy

obvykle kompetitivni inhibitory enzym:
= reversibilni:
¢ acetylcholinesterdza — fyzostigmin
¢ fosfodiesterdza — methylxantiny
¢ inhibitory 5a reduktdzy - finasterid
= jrreversibilni:
¢ acetylcholinesterdza — organofosfaty
¢ cyklooxygendza — ASA, nesteroidni antiflogistika
a kortikoidy
¢ MAO-B - selegilin
¢ aldehyddehydrogenasa — disulfiram
nékteré latky plisobi jako tzv. falesné substraty:
= dopa-dekarboxyldza — methyldopa

Uvod do molekuldrni mediciny 7/12

DIRECTION OF MEDICINES
MERVE IMPULSE ACTING ON M-type
l RECEFTORS
N-type
racaplor
N/
MEDICINES THAT
ACT ON N-type
RECEPTORS
(Galantamine)

Nefiracetam
GTS21
SIB15534
CX516 7

Synapsa (junction) — Ach
betweean two nerves ;

AChE
INHIBITORS IN
DEVELOPMENT

 CURRENTLY |

Acetylcholine AVAILABLE AChE CHF2819
receptor INHIBITORS Huberzine A
Donepezil TAK-147
Galantamine :
Rivastigmine

Tacrine
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4. Transportni (pfenasecové) systémy (,,carriers*)

membrany ruznych bunék jsou vybaveny Trznz::éc::]tnl Lokalizace Inhibitor Poznamka
specializovanymi proteinovymi y

: . \ * stimulace
mvolelfuIaTmllschopnyml transp?rtovat uptake 1 NA . CHS.J o kokain CNS
pres lipoidni membranu ionty Ci o sympatikus ' tonus S
hydrofilni molekuly Na'IK - e ' vositivné

ATPasa . s‘chec‘r]‘l o srdein lpomlnne:

(,sodikova svalove glykosidy notropn!
transportni systémy jako cilova mista oumpa’) burika pusobeni
pusobeni |éCiv jsou shrnuty v tabulce HYK-

ATPasa ¢ parietalni " potlacen

o : o * omeprazol sekrece
(,protonova buriky Hel

pumpa’)
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5. Dalsi struktury

* tubulin je mistem pUsobeni kolchicinu

DNA je primo poskozovana alkylujicimi cytostatiky, radiomimetiky; podobné pusobi
i nékterd antibiotika (nitrofurantoin)

pouzivame nejriznéjsi enzymy (asparagindza - blokdda proliferace nddorovych
bunék, deoxyribonukleasa - stépi mimobunécnou DNA u pacient( s cystickou
fibrézou)

Tubulin- .
colchicine |
complex L

Strana 30
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"-’-- --: am emw --’--L I‘x=--

The Top 10 Pharmaceutical Companies

*2004 sales figures
(billions)

+2005 sales figures
(billions)

+2006 sales figures
(billions)

70000 7 m12012
Johnson & Johnson 474 Pfizer 442 Pizer 80000 1 LA
50 000 -
Pfizer 452 GlaxoSmithKline 34.0 GlaxoSmithKline 40006 -
GlaxoSmithKline 390 Aventis-Sanofi 34.0 Aventis-Sanofi 30000
Novartis 282 AstraZeneca 240 AstraZeneca 20 000
Hoffman LaRoche 245 Johnson & Johnson 223 Johnson & Johnson 10000 + l
0 -  ——
Merck 229 Merck 219 Merck & o & ¢ o
: & & %”Qo q@"“ &8
AstraZeneca 214 Movartis 20.3 Novartis < \§° &
. 604’ g-?(\
Aventis-Sanofi 204 Abbott Labs 19.7 Wyeth &
Abbott Labs 197 Hoffman LaRoche 16 .6 Hoffman LaRoche Obr. 11.2.9. Srovnani obratu jednotlivych farmaceutickych
spole¢nosti v letech 2011 a 2012 (ve 100 tis. USD).

Bristol-Myers Squibb 194

Bristol-Myers Squibb ~ 15.3 Eli Lilly o

TABLE 1.5 Number of New Drugs in Development (Clinical or Later
Development) in 2006

software a potitatovy servis 9.9 %

technologicky hardware a vybaveni 87 % Number in ) Number in
zboZi pro volny ¢as 65% Discase Target Development Disease Target Development
i it L
zdravotnicke Zaﬂze;:;;i;;? 17% o2% Cardiovascular 303 Cancer 682
elektronika a vybaveni 44% disorders N 190
letectvi a obrana [ 3.9 % Neurologic disorders 531 Psychiatric disorders
vechny sektory 35% HIV/AIDS 95 D1abe}es 62
chemikalie [ 5 4 o, Arthritis 388 Infections 341
primyslové inZenyrstvi [T—— 3 | o, Alzheimer’s disease 55 Asthma 60
obecny priimys| 28 % and dementia
doméci potfeby [ 189 = -
telekomunikace pevnou linkou [ 1.7 % Source: The Pharmaceutical Research and Manufacturers of America (PhRMA). Pharmaceutical
vyrobce potravin 1,2% Industry Profile 2006. http:i/www.phrma.orgfﬁles/l{]l)é%ZOIndusry%2OProﬁle.pdf [accessed July
vyrobce ropy a zemniho plynu [Z 0.4 % 27,2007].

Obr. 11.2.4. Pofadi primyslovych sektor( podle celkové intenzity vyzkumu a vyvoje (vyzkum a vyvoj v % cistych pfijmd,

2009, EFPIA).
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Vyvoj novych léciv

Research based pharmaceutical companies, on average, spend
about 20% of their sales on research and development (R&D).

This percentage is significantly higher than in most other
industries, including electronics, aerospace, automobiles, and
computers.

Since 1980 US pharmaceutical companies have practically doubled
spending on R&D every 5 yrs

Despite these enormous expenditures, there has been a steady
decline in the number of drugs introduced each year into human
therapy.

70-100 in the 60s

60-70 in the 70s

~50 in the 80s

~40 in the 90s
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“Innovation Deficit” - coined in 1996 by Jurgen Drews, president of research at
Hoffmann-LaRoche.

60 $45.00
53 | Hmm New Drug Approvals (NMEs) $38.80 $39.40

$40.00
50 ——R&D Spending 2
$35.00

$30.00

$25.00

$20.00

Number NME's
$ Billions

$15.00

$10.00

$5.00

$0.00
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
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Reasons for the innovation deficit:

a) increased demand on safety for drugs.

- the average number of clinical trials per new drug application
(NDA) increased from 30 in the 70s to 40 in the 80s, to 70 in the
90s.

- the increased demand on safety is also reflected in a prolonged
duration of the drug development process.

In the 60s, total development time was 8.1 yrs

In the 70s, total development time was 11.8 yrs

In the 80s, total development time was 14.2 yrs

In the 90s, total development time was 14.9 yrs

Currently, total development time is ~16 yrs

b) “low hanging fruit” have been picked.

90% of all drug development candidates fail to make it to market.
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Ve

Dusledky inovaci ve vyvoji 1éCiv

Chronology of drug innovation

Cancer therapies

Focus on
molecular function

Serendipitous
cbservation

USL T MA UTUY LTI R U1 SUUY @)

Complexity

Focus on cell
biochemistry

1975 1987 2000

e 1.6 » The increasing cost of new drug development. (Source: DiMasi, J.A., et al. The price of

. ration: new estimates of drug development costs. J. Health Econ. 2003, 22, 151-185.)
Focus on tissue

biochemistry

1820 1900 1910 1920 1930 1940 1850 1960 1970 1980 1990 2000 2010

Accumulated knowledge of human, cell and molecular biology < Richardson  Procter &
Richardson —* \ick —* Gamble
Merrell \
Fgure 1.3 »  Some major therapeutic innovations by decade. (Reprinted with permission from “B Merrell Daw
czuncal Industry Contributions to State and US Economics.” Available at www.milkeninstitu frarlen Marion _ _ _ o Hogchst
~opharma_report.pdf, Milken Institute.) e b il Marion |
=op i Jpdf, ; Roussel | HRPI | Roussel .
UCLAF o '
1
l v / Aventis
Hoechst AG
Rhone
F’ou\enC/ Rhéne-Poulenc Rorer
Rorer
1975 1980 1985 1990 1995 2000

Figure 1.14 » Aventis corporate realignments, 1975-2000. (Reproduced with permission from Steele P: Patent
Insight. Where did that come from? Curr. Drug Discov. 2001 I (June), 3841, copyright 2001, The Thomson
Corporation.)
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Vyvoj novych lécCiv

14

12

10

T
NHTHEE
HHI

Revenue (USS$ billions)

ECONOMICS OF DRUG DISCOVERY AND DEVELOPMENT 11

TR
il
I

LI
s

i

11

L

[

il

il

il

L

Revenue

2006 2007 2008 2009 2010 2011 +$

Number of drugs going off patent Patent
Expires
16 23 14 12 17 21
; s BARansss \ Time —»
Major patent expiries
Marketing
Zocor Norvasc Advair Prevacid Cozaar/Hyzaar Lipitor -$ Approval
(Merck) (Pfizer) (Glaxo- (Abbott {Merck) (Pfizer)
Zoloft Ambien SmithKline) Laboratories/ Abilify Protonix
(Pfizer) (Sanofi-Aventis)  Effexor XR Takeda) (Bristol-Myers (Wyeth)
Pravachol Zyrtec (Wyeth) Lexapro (Forest Squibb/Otsuka) Actos .
(Bristol-Myers (Pfizer) Risperdal Laboratories) Aricept (Takeda) Flgure L3 Expenses and revenues curve for a new drug.
Squibb) Lotrel (Johnson & Topamax (Eisai/Pfizer) Zyprexa
Toprol XL (Novartis) Johnson) (Johnson & Flomax (Lilly)
(AstraZeneca) Fosamax Johnson) {Abbott Levaquin
(Merck) Lamictal Laboratories) (Johnson &
(GlaxoSmithKline) Johnson)

Figure 1.11 » Major drug patent expiries expected by year. (Reprinted by permission from Frantz, S. Pharma
companies becoming more aggressive lowards generics firms. Nar. Rev. Drug. Discov. 2006, 3, 619-620,
copyright 2006, Macmillan Publishers Ltd.)
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A new drug today costs ~$880 million and takes ~15-16 yrs to develop.

other IEETE

Regulatory: IND and NDA
Process development for manufacturing and quality control  [JEETE

Clinical evaluation phase IV m

Clinical evaluation: phases I, Il und Ill

Pharmaceutical dosage formulation and stability

EEA Toxicology and safety testing

z4%[ll Bioavailability

@onginal,ﬂsm
‘Raprod:.lcﬁnn rights obtainable from

wery Catoon Stock.com

- ‘-;-- =9

Allocation
of R&D funds

“I go home today. They cured me using
this new miracle drug. I'm afraid it'll be
years before it’s approved for humans.”

Post-marketing testing -

Biological screening and pharmacological t
FDA review & approval -
Synthesis and extraction
0% 10% 20% 30% 0% 50% 60% 70% I Ciinical phase I

I ciinical phase I
- Clinical phase |
_ Preclinical testing
_ Drug discovery (1-5 years)

T T T T e 1 = T T B |

Allocation of R&D time
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iyl
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Drug discovery process — vyvoj nového lécCiva

Drug Target Lead Lead reclinical
Target Validation ormpourn timizatio linical
dentificatio Identific atl P evelopme

The identification of new, clinically relevant, molecular targets
is of utmost importance to the discovery of innovative drugs.

It has been estimated that up to 10 genes contribute to multifactoral diseases.
Science 287:1960-1964 (2000)

e Typically these “disease genes” are linked to another 5 to 10 gene products in
physiological circuits which are also suitable for pharmaceutical intervention.

e |If these numbers are multiplied with the number of diseases that pose a major
medical problem in the industrial world, then there are ~5000 to 10000 potential
drug targets.
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Drug discovery process — vyvoj nového lécCiva

Drug Target Lead Lead reclinical
Target Validation ormpourn timizatio linical
dentificatio Identific atl P evelopme

e Current therapy is based upon less than 500 molecular targets
45% of which are G-protein coupled receptors

28% are enzymes

11% are hormones and factors

5% ion channels

2% nuclear receptors

* Therefore, many more drug targets exist! How to identify them?
» Besides classical methods of cellular and molecular biology, new
techniques of target identification are becoming increasingly
important. These include:

GENOMIKA, PROTEOMIKA, BIOINFORMATIKA
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Drug dISCOV rocess — vyvoj nového léciva

Drug Target Lead Lead reclinical
Target Validation ormpourn timizatio linical
dentificati dentific atl P evelopme

Involves demonstratmg the relevance of the target proteinin a
disease process/pathogenicity and ideally requires both gain and
loss of function studies.

This is accomplished primarily with knock-out or knock-in animal
models, small molecule inhibitors/agonists/antagonists, antisense
nucleic acid constructs, ribozymes, and neutralizing antibodies.

Since strong interactions between a protein and its ligand are
characterized by a high degree of complementarity, knowledge of
the protein three dimensional structure will enable the prediction of
“druggability” of the protein.

’)
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Drug discovery process — vyvoj nového léciva

Dru reclinical
= Target Lead
Target L linical
. Validatig ptimizatio
dentificatio evelopme

(nové chemické/ molekuldrni Iatky, C CAL/MOLECULAR ENTITY, NCE/NME)

Compounds are identified which interact with the target protein
and modaulate its activity.

e Compounds are mainly identified using random (screening) or
rational (design) approaches.

High throughput screening (HTS)

Used to test large numbers of compounds for their ability to affect
the activity of target proteins.

e Natural product and synthetic compound libraries with millions
of compounds are screened using a test assay.
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Drug discovery process — vyvoj nového léciva
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Drug discovery process — vyvoj nového léciva

Drug Lead
Target
Target Validatil ‘'ompound
dentificatio Identificati

Racionalni design léc

Preclinical and
linical
evelopme

Lead
ptimizatio

Three dimensional structures of compounds
from virtual or

physically existing libraries are docked into
binding sites of

target proteins with known or predicted

structure.
e Scoring functions evaluate the steric and
electrostatic
. complementarity between compounds and
IT:EE of HIV ||-|tfe"gras1leﬁf'grezn‘l W |I:|b'| 2 bound the ta rget prOtEin-
inhibitor (space filling) from a database screen .
LA Sl s T U * The highest ranked compounds are then
M.C., Orr, A,, Anderson, L., Barchi, Jr, J.J., Kelley,
J.A,, Pommier; Y., and MacKerell, Jr, A.D, . Suggested fOr
"Idnntlﬁ!:atlnn_nF HIV-1 Integrase Inl_'lll::-ltnr_s via . . .
Ao e T Tntegrases os Tergerar? 29 biological testing.

Bioorganic & Medicinal Chemistry, 2000, 8
2383-2389
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Drug discovery process — vyvoj nového léciva

;};;}lit Target
) s Validatiq
dentificatio

Once hits (compounds that elicit a posm se in an assay)
have been identified via the screening approach, these are validated
by re-testing them and checking the purity and structure of the compounds.

Preclinical and
linical
evelopme

Lead
ptimizatio

Only if the hits fulfill certain criteria are they regarded as leads. The criteria can originate from:
1) Pharmacodynamic properties - efficacy, potency, selectivity

2) Physiochemical properties - water solubility, chemical

stability, Lipinski’s “rule-of-five”.

3) Pharmacokinetic properties - metabolic stability and

toxological aspects.

4) Chemical optimization potential - ease of chemical synthesis

and derivatization.

5) Patentability
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Drug discovery process — vyvo; nového léciva

Drug Target Lead Lead reclinical
Target Validation empot Optimizatio linical
dentificatio Identific at P evelopme

Molecules are chemically modified and subsequently

in order to obtain compounds with suitable properties to become a
drug.

Leads are characterized with
respect to pharmacodynamic
properties such as efficacy and
potency in vitro and in vivo,
physiochemical properties,
pharmacokinetic properties, and
toxicological aspects.

Efficacypqq

Efficacyg 4

Observed eftfect

Potency refers to the amount of drug required for its specific effect ECjD Red ECﬁD Black
to occur; it is measured simply as the inverse of the EC50 for that

drug. ng [Dﬂlg]

Efficacy measures the maximum strength of the effect itself, at

saturating drug concentrations.
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Drug discovery process — vyvoj nového léciva

Drug Lead reclinical and
Target Lead ..
Target Validation ompound timizati linical
dentificatio Identificati P evelopme

Preclinical studies involve in vitro studies and trials on animal
populations.

Wide ranging dosages of the compounds are introduced to the
cell line or animal in order to obtain preliminary efficacy and
pharmacokinetic information.
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Uvod do klinickych studii - pristé

‘,,,

Klinicka praxe

Y
Klinické hodnoceni Registrace

Preklinické hodnoceni
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Take home

Zakladni pojmy ve farmakologii

Farmakokinetika

Farmakodynamika - nespecifické, fyzikdlné chemické plsobeni léciv
Farmakodynamika - specifické plsobeni léCiv

Farmakodynamika - receptory

Receptory spojené s G proteiny

Receptory spojené s iontovymi kanaly

Receptory s enzymovou aktivitou

Jaderné receptory

Farmakodynamika — iontové kanaly, enzymy, a dalsi

Vyvoj novych |éciv — prehled

Vyvoj novych léciv — identifikace novych terapeutickych cil(

Vyvoj novych léciv — identifikace novych chemickych/molekuldrnich sloucenin, jejich optimalizace
a preklinické zkouseni

Napln pfristi prednasky
Molekularni farmakologie Il — principy biologické |é¢by — monoklonalni protilatky — priprava
monoklonalnich protilatek a rekombinantnich protein(, nizkomolekuldrni inhibitory —
racionalni design lécCiv, siRNA, mikroRNA — tlumeni genové exprese na post-transkripcni
urovni, transport |éCiv (lipozomy, imunoglobuliny, nanocastice a supramolekularni systémy)
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