Obecna farmakologie
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Farmakologie

* Pharmacon = lécivo

* Logos = veda
e Studium ucinkt léCiv na organismus (zadouci, nezadouci, toxické)

* Obecna farmakologie x specialni farmakologie
* Farmakodynamika

* Farmakokinetika

* Klinicka farmakologie

* Farmakognozie?
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Farmakologie

* Farmakovigilance — sledovani IéCivych pripravku v kazdodenni klinické
praxi (Iékova bdélost)
* Nezadouci ucinek
* Nezadouci prihoda

* Farmakoekonomika — posouzeni dopadu farmakoterapie na zdravotni
systém z ruznych uhlt pohledu

* Farmakogenetika a farmakogenomika
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LeCivo,

 Léciva latka = vlastni Ucinna slozka |éciva rizného plvodu

* Lecivy pripravek = vysledek postupu farmaceuticke technologie, obsahuje
|éCivou latku(y) a latky pomocné

* Lécivo = |éciva latka, smes nebo lécivy pripravek urceny k podavani lidem
nebo zvifatim za udelem priznivého ovlivnéni zdravotniho stavu

* Lék?

e Paracelsus (1493 — 1541) — dosis facit venenum
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Druhy lecivych pripravku
 Originalni |éCivy pripravek

* Generickeé |écCivo

* Biosimilars

* Orphan lécivo

* Obsolentni léCivo
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Klasifikace

* Pod
* Pod
* Pod
* Pod
* Pod
* Pod

/ /e

eClv

e chemické struktury (pr. benzodiazepiny)
e charakteru slozky

e puvodu

e pripravy

e zpusobu vydeje

e ATC skupiny
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ATC klasifikace (anatomicko-terapeuticko-chemické klasifikace lécCiv)

Hlavni skupiny (1. uroven)

IOCOoOOmL>»

Travici ustroji a metabolismus

Krev a krvetvorné organy
Kardiovaskularni systéem

Dermatologika

Urogenitalni systém a pohlavni hormony

L Antineoplastika a imunomodulujici IéCiva
Muskuloskeletalni system

Nervova soustava

Antiparazitika, insekticidy, repelenty
Dychaci ustroji

<0WTVZ=E

Systémové hormonalni pripravky Smyslové organy
(kromé pohlavnich hormonu a inzulinu) Ruzneé
J protiinfekEni IéCiva pro systémové pouziti
2. uroven: terapeuticka skupina (dvojcisli).
3. uroven: farmakologicka podskupina; (pismeno). Me,N 'r:} NH,
4. aroveni: chemicka podskupina (pismeno). T
5. aroven: konkrétni uginna latka (dvojcisli) NH  NH
metformin

Napf. peroralni antidiabetikum metformin ma podle ATC klasifikace kéd A10BA02

A

A10
A10B
A10BA

Travici ustroji a metabolismus (1. uroven, anatomicka hlavni skupina)

Léciva pouzivana v terapii diabetu (2. uroven, terapeuticka podskupina)
LécCiva snizujici hladinu glukosy v krvi (3. uroven, farmakologicka podskupina)
Biguanidy (4. uroven, chemicka podskupina)

A10BA02 metformin (5. uroven, konkrétni 1€Civa latka)
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Farmakodynamika

Uéinek lé¢iva:
* Nespecificky
* Specificky
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MECHANISMS OF DRUG ACTION

| 4

v

hysical interaction

i

*Mannitol
*Antacids
*Biphosphonates

Biological interaction (chemical)

y_

(signal-transduction)

Receptors

>

Coupled to G protein

*Acetyicholine (muscarinic)
*Histamine (H,, H,)
*Clenbuterol (#2), morphine (opiate...)

)

Linked to ion channels
(ligand gated ion channels)

*Acetylcholine (nicotinic); serotonine;
GABA,, glutamate...

A

Non receptors

Linked to enzymes (tyrosine
kinase, serine kinase, guanylyl
cyclase)

eInsulin, TGF-...

Nuclear receptors linked to
gene transcription

*Glucocorticoids
oVit. A, vit. D
*Nitric Oxyde (NO)
*Thyroid hormones

e

e

Enzymes

*ACE inhibitors
*NSAID

TMP
*Methotrexate

DNA

*Anticancer drugs
*Quinolones

Microtubules

*Vincristine (anticancer drug)

Carrier transporters

*Omeprazole (ATP powered ion pump)

Furosemide (diuretic)

lon channels (voltage sensitive)

sLidocaine (local anesthetic)
*Nifedipine (calcium antagonist)



Nespecificky mechanismus ucinku lécCiv

* Osmoticky pusobici latky (osmoticka diuretika, osmoticka a salinicka
projimadla, nékteré krevni nahrady)

» Acidobazicka rovnovaha (antacida, latky upravujici pH a moci)

* Denaturace proteinu (adstringencia)

* Adsorpce latek (adsorbencia)

 Latky s oxidacne-redukénimi vlastnostmi (dezinficiencia a antiseptika)
e Tvorba komplexu (antidota)

* Povrchove aktivni latky (antiseptika, dezinficiencia)
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Specificky Ucinek

ecCiv je zprostredkovan receptory

* Kvantitativni aspekty interakce |éCivo — receptor
* Ovlivnéni bunécné odpovedi
* Druhy receptoru

Koy signal
[R] + [A] - “[RA] - efektor
K1

asociace / disociace
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Catonic channels
(K*, Na*, Ca™): excitatory
Acetyicholine (nicotinic);
Excitatory amino-acids (glycine, aspartate, glutamate)

P1. 92, K, Oplate (). .receptors 4-Generation of second messenger
Very fast (m sec) (e.g. transmission between neurons) (Ca™, [P, cAMP)
T eceptor : Cintend recemor) | @ iroehic igand (esiradiol, A, wiD,
progesterone, T3, NO)
—r Binding site
C1: INACTIVE C= —
x|
. Cytosolic receptor ("nuclear recepior”)
TK region of protein
(catalytic site)
TKR proteins (inactive monomers) Tnmoon 1o nuebus
Ligand (growth hormones,
C2: ACTIVE mm,
| o= P ——
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LécCiva jako ligandy receptoru

* Afinita = schopnost |éCiva vazat se na urcity

receptor Drug

* Vnitrni aktivita = schopnost latky vyvolat W

biologickou odpoved po vazbé na receptor,
0-1

e Agonista = po vazbe vyvolava biologicky /

ucinek

* Plna agonista = po vazbé na receptorvyvola ...
maximalni biologickou odpovéd )

D

 Parcialni agonista = ucinek nikdy nedosahne
maxima

* Antagonista = kompetice s agonisty

or

Response

O =
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Level of response
) © ¢

(D=

Full agonist

Partial agonist

Antagonist
Vs.
Neutral agonist

Partial inverse agonist

Full inverse igonlst

Classical receptor
theory

(graded model)

High efficacy

Intermediate
efficacy

Antagonist:
Efficacy =0
(no intrinsic activity)

Not expected

Two-state model

Drug showing
selectivity for the
active state of
receptor

Neutral agonist:
Drug binding
equally to both
states of receptors

Drug having
selectivity for the
resting state of the
receptor and
reducing the
constitutive activity
of the receptor
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Selektivita

* Chemicka
struktura
receptoru =
schopnost léCiva
vazat se
preferencné s
vysokou afinitou
pouze na urcity

typ/podtyp
Frece ptOFU

ucinku

eciv

Adrenergic Heceptor Antagonists

Alpha Receptor Antagonists

Non-selective | «,-selective | o,-selective

 phenoxybenzamine «prazosin = yohimbine
« phentolamine s tarazosin

* GOXaZosIn

= glfuzosin

* famsulosin

# indoramin

= urapidil

= bunazosin
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Beta Receptor Antagonists

Mon-selective
(First Genaralion)

# nadolol

= penbutolol

* pindolol

* propranolol
» limolol

= sotalof

« [evobunolol
= matipranolol

B,-selective
(Second Generation)

* acebutolol
* atenolol
* hisoprolol
* asmolol
* metopralol

Mon-selective
(Third Generation)

« Carteclol
« carvedilol®
« bucindolol
* labetalol®

B,-selective
{Third Generation)

¢ hataxolol
« celiprolol
s nehivalol

Source: L. L. Brunton, B. A. Chabner, B. C. Knollmann: Goodman & Gilman's: The Pharmacological Basis of Therapeutics, 12ed.

WWW.ACCESSs pharmacy‘.mm

Copyright © MoGraw-Hill Education. All rights reserved.



Vztah struktura — ucinek (QSAR

— TRtel— ‘ Extensive

' : n I valldatlon
SchistosomaH LeishmaniaJ AU = T~ S 5= g QSAR
mansoni H i | =
o Gy, = — =

Laboratory collections and
literature data

QSAR modeling

Large chemical
libraries

Short and bulky
substitutions

would be
Hydrogen-bond donors in this  tayorable

position are favorable. Groups
like OH-, NH5- and CONH,-
could be used

Hydrogen-bond acceptors in this
position are detrimental. Lipophilic
atoms like Cl-, Br- and I- but not F-
[ would be suitable

Using hydrogen-bond
donors is restricted in

ﬁ this methylene bridge
Use linker atoms capable

cee
2000 seesses

§T’T$;
HiT‘\ lﬁ—éﬁ? l
915181919191919 15

$00000000000 00000000008

In vitro assays

e00c000s0000000000000

In vivo assays

hit-to-lead and lead-optimization

3 P W o g

\Virtual screening ,

of acting as hydrogen-
bond acceptors

Avoid bulky groups at

positions 2- and 5- of the

benzene ring

I, X \@/k/

A hydrogen-bond donor group at position 5-
would be favorable. Other rings such imidazole
and benzimidazole could be explored

|
CH,

The hydrogen-bond
acceptor capability of this
group favors activity.
lonizable groups at

‘S”_ physiological pH could be

explored

Small and lipophilic
groups would be
appropiated in this
position

Mg MUNI
Synthesis of I\/l E D

prioritized compounds



Regulace ucinku

* Upregulace
 Downregulace
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eciv na zakladeé poctu receptoru

Up-regulation

Time

B Time



Desenzitizace, internalizace a downregulace
receptoru

* Tachyfylaxe = rychlé snizeni az vymizeni ucinku lécCiva pri jeho
opakovaném podani v kratkych intervalech. Pomérneée rychlé obnoveni
ucinku.

* Tolerance = pomalé a postupné snizovani ucinku léCivapri opakovaném
nebo kontinualnim podani. Tolerance na terapeuticky ucinek versus
tolerance na nezadouci ucinek.

* Benzodiazepiny
* Nitraty
* Agonisté 2-adrenergnich receptoru
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Hypersenzitivita receptoru

 Senzitizace (obvykle po dlouhodobé blokadé antagonistou)
* Humoralni kumulace versus funkcni kumulace

e Rebound fenomén
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Farmakokinetika

* Pharmacon a kinetikos = studium déju
probihajicich od okamziku podani az po
jeho eliminaci z organismu

« ADME = absorpce — distribuce -
metabolizace - exkrece

=
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istribution

etabolism

xcretion




Absorpce

Vazanée

Metabolismus

Exkrece

lecivo < P

Volné
lécivo

-
~

Distribuce i

Misto pUsokeni Koncentrace
Vazané <> volné p==Pp-| yoIného lé¢iva v

[

misté ucinku

Tkanove rezervoary
Vazané & vlolné

Klinickd odpovéd

Biotransformace

Metabolity/Prolécivo

N

Farmakokinetika

Farmakodynamika IVI U I\I I
ME D



Aplikace Absorpce a distribuce Eliminace

Jaterni systém

Metabolity
i | Jatra |« Ledviny
} Zlucovy systém
Strevo
KGze o
MIlécna,
potni Zlaza
Sval I\II U I\I I

Mozek Placenta I\/l E D

Plod

Plice




Obecné principy chovani

* Transport |éCiva télnimi tekutinami
* Difuze lécCiva

* Prostup biologickymi membranami
(transcelularni versus paracelularni)
* Filtrace
e Difuze (prosta, usnadnéna)

* Transport prostrednictvim aktivnich
mechanismu

e Vezikularni transport

* Typ membrany (epitelové, endotel, HEB)

~

Paracellular Diffusion

N o

PASSIVE TRANSPORT

transport

Facilitated

diffusion

écCiva v organismu

ACTIVE
TRANSPORT

ABC
transporters

<7
\,\

———
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Vazba

écCiva na plazmatickeé bi

Volna versus vazana frakce

Albumin, al-kysely glykoprotein, lipoproteiny
Oddaleni nastupu ucinku

Snizeni intenzity ucinku

Prodlouzena eliminace |éCiva

Interakce na Urovni vazby na plazmatické proteiny

Pr. salicylaty a warfarin, warfarin a sulfonamidy — vytésnéni warfarinu

Dale - Vazba nekterych lipofilnich |éCiv v Ery, vazba IéCiv v tkanich

koviny
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Absorpce |éCiva

* Prunik lIéCiva z mista podani do systémové cirkulace (systémovy

ucinek versus ucinek mistni) - Ehamiekd e

Fyzikalni faktory

‘ Formulation-related factors properties of drug

- P

‘ Physicochemical * Fyziologické faktory
_ properties of drug v Type of dosage form ) )
7 Solubiik v' Viscosity e Lékova forma

\ O'I,J_ vl v Drug concentration
: Stability 7 Dita * Cesta vstupu

' Particle §|ze v Dose volume )
v Dissolution rate v Dosingfrequency * Vliv potravy
g AT
> l.‘:/.ophlllf.lfv v'  Excipients (like preservatives, penetration enhancers) o LékOVé intera kce
P pHa v' Net osmolarity

P v" Stability in nasal mucosa
v Polymorphism v Net particle size
v Molecular weight :
ol v Drug release profile e Pg rametry Cmax’ Tmax' F
v pH



Cesta vstupu — zpusob podani

/ / /e

Peroralni — co ovliviuje biologickou dostupnost IéCiv?

Rektalni

Sublingvalni a bukalni
Intravenozni a intraarterialni
Intramuskularni

Subkutanni

Epiduralni a intratékalni

Inhalacni
Intranazalni

Transdermalni

ecClvd

TABLE 3-3 Routes of administration, bioavailability,
and general characteristics.

Route

Bioavailability [2%c)

Characteristics

Intravenous (V)

Imtramuscular (IM)

Subcutaneous (5C)

Oral (PO)

Rectal (PR)

Inhalation

Transdermal

100 (by definition)
75to =100

f5to =100

5to <100

30to <100

S5to <100
80 to <100

Most rapid onset

Large volumes often fea-
sible; may be painful

Smaller volumes [than
IM; may be painful

Most convenient; first-

pass effect may be sig-
nificant

Less first-pass effect
than oral

Often very rapid onset

Usually very slow
absorption; used for lack
of first-pass effect; pro-
longed duration of
action
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ReSiStance to gastric aC|d|ty, Oral drug administration Prolonged efﬁcacy

prodrugs l S ADRs
; an S
—(Betier absorptlo.n >‘ Drug release in the Gl tract T
Extended-release formulation _
—> Sustained and Enterohepatic
delayed release Absorption in the Gl tract . circulation Phase 1
« Diffusion: low molecular mass, ) metabolite
Deep compartments: . 2\2%52'{':;2};, |g\r/¥ polarity —» Biocavailability 4
Bones, adipose tissue P
Accumulation—>ADRs T First pasi: Liver
Efficacy - Slow metabolizers: ADRs T
BBB Bioavailability - Fast metabolizers: efficacy 4 | | -2
| A 4 8
CNS |« | »|_ Distributionin the body |—— Y > Phase I— Phase 2 g
Lipophilic drugs f / LA T Conjugation
— Can cross the BBB .
— Poorly dialyzable Inhibitors / / Metabolism
Y Gty = N\etabToIisation J / Ii
— ADRs Phase 2 metabolite -
Tumor Inductors l
cells MRPs: Drug release —> Effect ¥

Efflux T Kidne'ey
—> Resistance T T Excretion
Cutaneous, sublingual, buccal, i.v., s.c., i.m. administration:

Local administration:

Skin, eye, nose, bronchia, rectal administration: « Hydrophilic drugs
rectum — First-pass effects are avoided « High molecular mass drugs
— Good local efficacy — Good systemic efficacy (proteins)

— Few systemic ADRs i.v.: Fast effect
—> Local ADRs s.c. and i.m.: Sustained release
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Biologicka dostupnost e

systemic circulation

Stomach

* Enteralni versus parenteralni podani léCiva

e U¢inek prvniho prichodu — first-pass effect
(betablokatory, morfin, salbutamol, - ' First-pass .
namelové alkaloidy, atd.) gy "

Drug conjugates 1

° ® 2
° @ Q @
"
0
09
e Absorption Small intestine
jO
) Y Hepatic-portal T
circulation 1

MU
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What is Bioavailability

Time at which drug concentration is highest

Serum Drug Concentration

t Max
Intravenous

——

Area Under

Failed to reach MEC

AUC Oral Administration

Bioavailability

Curve (AUC)

t Max
Oral Administration

= No Therapeutic Effect

AUC Intravenous Administration

Crossed the MEC but also Crossed the MSC = More Unsafe

Maximum Safe Concentration
(MSC)

A

ange (Window)

MUNI
MED

Minimum Effective Concentration

(MEC)

Therapeutic R

A\

Elimination Phases

IV = 100% Bioavailability (Short Duration)

Time- in Hours



Distribuce a distribucni objem

* Transport mezi krvi a
tkanemi

* Parametr zdanlivy
distribucni objem Vd

e Distribuce léciva v
organismu

e Stanoveni pocatecni davky
» Stanoveni dalSich parametr(
(pr. hemodialyza)

= =
m &

_ _Amount of ,d,"‘{g, in}hgpo@y
9~ Concentration in the blood

~ 18 units

i

Vascular
compartment
A\

FR
B B
B

B
B

18 units

Extravascular compartments of the body

\

2 units

Vd=%‘g=1'1

198 units

O =




Total Body Water (TBW)
(70Kg man)
TBW = 0.6 x Body weight 42 litres

Extracellular Fluid Volume (ECF) Intracellular Fluid Volume (ICF)
1/3 of Total Body Weight = 2/3 of Total Body Weight =
14 Litres 28 Litres

Interstitial Fluid Plasma Transcellular Fluid

3/4 of ECF= 1/4 of ECF= 0.5 Litre
10.5 Litres
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Distribuce léciv - faktory

e Rozpustnost v tucich/vodé
* Velikost molekuly
* Pomer frakci |éCiva v krvi a tkanich

* lonizovatelnost
* Afinita k cili (krev, proteiny membranové/intracelularni)

 CNS — HEB (nepropustna pro polarni latky, ionty a makromolekuly; vyznam
vazby na plazmatické bilkoviny), zména propustnosti (novorozenci, infekce)

* Transplacentarni distribuce — volna/usnadnéna difuze, aktivni transport i
endocytoza, nejlépe lipofilni |éCiva s malou Mr |V| U I\l I

ME D



AV AN

eciv

Eliminace — metabolismus a exkrece

* Pfemeéna xenobiotik na riznych mistech organismu (dutina ustni, krey,
organy, zejmeéna jatra, GIT, plice, ledviny a mozek, ale i Ery, placenta,
aorta, srdce, nosni sliznice)

e \lyznam prvniho pruchodu
* Detoxikace
» Lekoveé interakce — inhibice versus indukce

* Pojem biotransformace
* \/lyznam proléciv
 Eliminace - vylouceni

= =
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Faze eliminace

e |. Faze

* \lytvoreni volné polarni
skupiny (-OH, -SH, -NH2, -
COOH)

* ||. Faze
* Pripojeni polarni molekuly
— konjugatu — konjugace
 Sulfatace, glukuronidace,
glutathionova konjugace)

eciv

Hydrolytic Reactions
Esters, amides, epoxides and
arene oxides by epoxide hydrase

T

Phase | -

B

Functonalization

B Conjugation

= =
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Oxidation
B Aromatic moieties, Olefins
B Benzylic & allylic C atoms
and a-C of C=0 and C=N
B At aliphatic and alicyclic C
W C-Heteroatom system
® (C-N (N-dealkylation, N-oxide
formation, N-hydroxylation )
® C0(Odealkylation)
W S-dealkylation
B S-oxidation, desulfuration

B Oxidaton of alcohols and
aldehydes, Miscellaneous

® Glucuronic acid Reduction

® Sulfate, Glycine and other AA W Aldehydes and ketones
B Glutathione or mercapturic acid @ Nitro and azo

B Acetylation, Methylation B Miscellaneous




Cytochromy P450

CYP3A4/5 (30.2%)
* Induction CYP2J2 (3%)
* Sex (f>m) * Polymorphism(J,) CYP2E1 (3%)

* Inflammation ()
* Polymorphism (\)
~*Age (T)

* Induction (1)
/ * Inflammation (1)
* Various diseases (1)

* Sex (m>f)

CYP1A2 (8.9%)
« Induction (1)

. lnflammat_ion (¥) CYP2D6 (20%)
:ghzlf’ﬁtfgs o * Polymorphism (. 1)
. (sgex, m>f ?) * Inflammation ()

* (Polymorphism)

CYP2A6 (3.4%)
* Polymorphism (| 1)
* Induction (1)

* Inflammation ()
*(Sex, f>m ?)

CYP2C19 (6.8%)
* Polymorphism (L 1)

»Age (1) CYrant (;'/}2)%) *Induction (1)
* Induction CYP2C9 (1 2.80/0) * Inflammation ()
oty 1) CYP2C8(4.7%)  *Induction(?) NEREd
* Age (1) * Induction (1) * Polymorphism () M U I\I I
« (Sex, f>m ?) « Polymorphism (L 1) * Inflammation ()
' * Inflammation () *Age (1) I\/l E D
« Age (1) *(Sex ?)



Cytochromy
P450

inhibitory
X
induktory

MU
M E

1
)

TABLE 4-2 Human liver P450s (CYPs), and some of the drugs metabolized (substrates), inducers, and

selective inhibitors.

CYP Substrates Inducers Inhibitors

1A2 Acetaminophen, antipyrine, caffeine, clomipramine, phenacetin, Smoking, charcoal-broiled  Galangin, furafylline, fluvoxamine
tacrine, tamoxifen, theophylline, warfarin foods, cruciferous

vegetables, omeprazole

2A6 Coumarin, tobacco nitrosamines, nicotine (to cotinine and Rifampin, phenobarbital Tranylcypromine, menthofuran,
2-hydroxynicotine) methoxsalen

2B6 Artemisinin, bupropion, cyclophosphamide, efavirenz, ifosfamide, Phenobarbital, Ticlopidine, clopidogrel
ketamine, 5-mephobarbital, S-mephenytoin (N-demethylation to cyclophosphamide
nirvanol), methadone, nevirapine, propofol, selegiline, sertraline,
ticlopidine

2C8 Taxol, all-trans-retinoic acid Rifampin, barbiturates Trimethoprim

2C9 Celecoxib, flurbiprofen, hexobarbital, ibuprofen, losartan, phenytoin, Barbiturates, rifamjpin Tienilic acid, sulfaphenazole
tolbutamide, trimethadione, sulfaphenazole, S-warfarin, ticrynafen

2C18 Tolbutamide, phenytoin Phenobarbital

2C19 Diazepam, S-mephenytoin, naproxen, nirvanol, omeprazole, Barbiturates, rifampin N3-benzylnirvanol,
propranolol N3-benzylphenobarbital,

fluconazole

2D6 Bufuralol, bupranolol, clomipramine, clozapine, codeine, debrisoquin,  Unknown Quinidine, paroxetine
dextromethorphan, encainide, flecainide, fluoxetine, guanoxan,
haloperidol, hydrocodone, 4-methoxy-amphetamine, metoprolol,
mexiletine, oxycodone, paroxetine, phenformin, propafenone,
propoxyphene, risperidone, selegiline (deprenyl), sparteine,
tarmoxifen, thioridazine, timolol, tricyclic antidepressants

2E1 Acetaminophen, chlorzoxazone, enflurane, halothane, ethanol Ethanol, isoniazid 4-Methylpyrazole, disulfiram
(a minor pathway)

3A4" Acetaminophen, alfentanil, amiodarone, astemizole, cisapride, Barbiturates, Azamulin, clarithromycin, diltiazem,

cocaine, cortisol, cyclosporine, dapsone, diazepam, dihydroergot-
amine, dihydropyridines, diltiazem, erythromycin, ethinyl estradiol,
gestodene, indinavir, lidocaine, lovastatin, macrolides, methadone,
miconazole, midazolam, mifepristone, nifedipine, paclitaxel, proges-
terone, quinidine, rapamycin, ritonavir, saquinavir, spironolactone,
sulfamethoxazole, sufentanil, tacrolimus, tamoxifen, terfenadine,
testosterone, tetrahydrocannabinol, triazolam, troleandomycin,
verapamil

carbamazepine,
glucocorticoids,
pioglitazone, phenytoin,
rifampin, 5t. John's wort

erythromycin, fluconazole,
grapefruit juice (furanocoumarins),
itraconazole, ketoconazole,
ritonavir, troleandomycin

'CYP3AS has similar substrate and inhibitor profiles, but except for a few drugs is generally less active than CYP3A4.



Esterases
CYP1A1/2 Epoxide
CYP1B1 hydrolase

CYP2AB
CYP2B6
CYP2C8/9

CYP2C19 —

DPYD

CYP2D6 CYP3A4/5

TPMT MATS
|

SULTs UGTs

FIGURE 4-4 Relative contributions of various cytochrome P450
isoforms (A) and different phase Il pathways (B) to metabolism of
drugs in clinical use. Many drugs are metabolized by two or more of
these pathways. Note that two pathways, CYP3A4/5 and UGT, are
involved in the metabolism of more than 75% of drugs in use. DPYD,
dihydropyrimidine dehydrogenase; GST, glutathione-5-transferase;
MAT, N-acetyltransferase; SULT, sulfotransferase; TPMT, thiopurine
methyltransferase; UGT, UDP-glucuronosyltransferase. (Reproduced,
with permission, from Brunton LL, Lazo J5, Parker KL: Goodman & Gilman’s The
Pharmacological Basis of Therapeutics, 11th ed. McGraw-Hill Medical, 2006.)

Faze | all eliminace

TABLE 4-3 Phase Il reactions.

eciv

MUNI
ME D

Type of Conjugation

Endogenous Reactant

Transferase (Location)

Types of Substrates

Examples

Glucuronidation

Acetylation

Glutathione conjugation

Glycine conjugation

Sulfation

Methylation

Water conjugation

UDP glucuronic acid

Acetyl-Coh
Glutathione (GSH)

Glycine

Phosphoadenosyl
phosphosulfate

5-Adenosylmethionine

Water

UDP glucuronosyltrans-
ferase (microsomes)

N-Acetyltransferase
(cytosol)

G5SH-5-transferase
(cytosol, microsomes)

Acyl-CoA glycinetrans-
ferase (mitochondria)

Sulfotransferase
(cytosol)

Transmethylases
(cytosol)

Epoxide hydrolase
(microsomes)

(cytosol)

Phenaols, alcohols, carboxylic
acids, hydroxylamines,
sulfonamides

Amines

Epoxides, arene oxides, nitro
groups, hydroxylamines

Acyl-CoA derivatives of
carboxylic acids

Phenals, alcohols, aromatic
amines

Catecholamines, phenols,
amines

Arene oxides, cis-disubstituted
and monosubstituted oxiranes

Alkene oxides, fatty acid
epoxides

Mitrophenol, morphine,
acetaminophen, diazepam,
N-hydroxydapsone, sulfathi-
azole, meprobamate,
digitoxin, digoxin

Sulfonamides, isoniazid, clon-
azepam, dapsone, mescaline

Acetaminophen, ethacrynic
acid, bromobenzene

Salicylic acid, benzoic acid,
nicotinic acid, cinnamic acid,
cholic acid, deoxycholic acid

Estrone, aniline, phenol, 3-
hydroxycoumarin, acetamin-
ophen, methyldopa

Dopamine, epinephrine,
pyridine, histamine, thiouracil

Benzopyrene 7,8-epoxide,
styrene 1,2-oxide, carbam-
azepine epoxide
Leukotriene A,




Faktory ovlivnujici metabolismus

* Farmakogenetika, genovy polymorfismus
* CYP3A4, CYP3AS5, CYP2D6, CYP2C, UGTI1AL...

* Vek

* Pohlavi

e Zdravotni stav

e Soucasné podani dalSich léCiv

e
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Exkrece léciv ledvinami

Glomerular Filtration

Fillraton moves dnugs
Irom blood o urne

Frobein-bound dugs

* |éCiva rozpustna ve vode a polarni latky,

are mod hiltereq
hydrofilni metabolity lipofilnich 1éCiv
* Glomerularni filtrace a fyziologické \\__
konsekvence Wb | Do e ene
V4 s ‘ﬂ' F;;F:n?img;:llﬁﬂ 5
e Tubularni sekrece P 1117 v
e Tubularni reabsorpce R
ota T ]
* Vliv pH mocdi L_””E'*‘
Active Transport
. . P | . acids and basee move druge
* Snizena funkce ledvin |\/| U |\| I e | OO




Hepatobi

igation
robial
a

larni exkrece

eciv

Sphincter
of Oddi

Absorption of very
lipophilic solutes by
lymphatic system

alibladder
. | Biliary
+ | duct
Enterohepatic cycle 'a'
: Liver First pass
: Portal vein p? 1 . availability
Absorption Metabolism to Hepatic vein
Passive drug conjugate
and active
absorption

>

g7

Systemic
circulation

Urine

= =
m &
-



Eliminace |éCiv
e Eliminaéni konstanta ke = Incl —Inc2 /t2-t1
* Biologicky polocas t0,5 = |nZ/kE = (),7/kE

* Clearance (objem plazmy, ktery se zcela ocCisti od |éCiva za jednotku

casu )
MU
M E

I
)



Elimi

nace

eciv

Parameters derived from noncompartmental analysis

Cmax
Tmax
AUC

Maximum concentration

Cmasx
Time of maximum

concAntEatian concentration i
Area under the concentration S

time curve /

-----

Model parameters

CL
F
Ka

Q

Ve, Vp

Clearance (rate at which drug 1s eliminated)

Bioavailability (proportion of drug absorbed as a percent of total administered)
Absorption rate constant (rate of drug absorption)

Intercompartmental clearance (distribution between peripheral (organs, tissues)
and central (circulatory) body compartments)

Volume of distribution in central (¢) and peripheral (p) compartments
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(A) Absorption

(1) Y.exp(-kt)

=W =
% 20— Log scale % AN Slope =~
10 (2) Y.exp(—k,t)
§ 10~ = g Slope = —k,
8 0 8 1 ‘\
10 20 30 40 10 20 30 40
Elimination rate in mg/hr T'me Time

Elimination rate P — (B) Tma" and Cma" (C) Total bOdy clearance
Clearance = 3
Concentration cl = 0.693 x Vg
\ § Maximum effect tyo
Clearance in L/hr g Cmax ...... concentrauon Cl - va k
§ Duration D
action ose
= x F
3 e r © = auc
max
Gt Time (D) Concentration
1 k
L Dose kK
Tinax k,-k'" k C=Fx o k.‘k {exp(—kt)-exp(—k,t)}

=FXDOSO OXD(—kXtmgx)
D

Crnax



where

_[Ul xV
[P],

C

Name Equation Units Comments
Clearance Cy= M mL/min X is any substance
[Plx
Clearance ratio Clearance ratio = L None Also means fractional excretion of x
[Ulpan V
Renal plasma flow RPF = mL/min
d (RAToan — (RV
Effective renal plasma flow Effective RPF = [l['gi""v mL/min Underestimates RPF by 10%; equals Cpuy
'AH
Renal blood flow RBF = RPF mL/min 1 minus Hct is fraction of blood volume
1~ Het that is plasma
Glomerular filtration rate GFR = "['2:': mL/min Equals Cyyu
Filtration fraction = SRR None
RPF
Filtered load Filtered load = GFR x [P], mg/min
Excretion rate Excretion = V x [U; mg/min
Reabsorption or secretion Reabsorption or secretion = mg/min If positive, net reabsorption
rate Filtered load — Excretion If negative, net secretion
Free-water clearance Cuo= V = Com mL/min If positive, free water is excreted

If negative, free water is reabsorbed

= Clearance (mL/min)

[Ulx

= Urine concentration of substance X (mg/mL)

= Urine flow rate per minute (mL/min)

[P]x

= Plasma concentration of substance X (mg/mL)

= =
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Eliminace 1. a 0. radu

ct=rc,. etk

= =
m &

In ct = Inc, - ke.t
y=-ke.x+b

cas

Rychlost eliminace klesa s klesajici koncentraci |éCiva

T
1 2 3 4

S CSas

Rychlost eliminace se nemeéni s klesajici koncentraci léCiva



AV AN

eciva

Nelinearni eliminace

Mear Zero Order Reaction {slope~0)
in saturation range

Concentration (mgiL) log

MNear First Order
Reaction Kinetics
(Slope constant) in
the non-saturated
range

Time
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Prubéh hladin léc¢iv v krvi v zavislosti na
privodné cesteé lécCiva: jednorazové podani

intramuskularné

koncentrace léciva v krvi (c)




Jednorazoveé podani

C [mg/ml]

A=E

A vetsSi nez E

E vétsSi nez A

CmaX,,, 3

Cmin,,,

/ /e

eClva

* Extravaskularni podani

TERAPEUTICKE
ROZMEZi

lag time  Tmax

T [min]

—
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Kontinualni podavani

) v. , Y e e C ss, inf 3
* NitroZilni e |
’ ’ % > e lrinf 35500 ma/Mh
* Transdermalni &
e e (T inf 2: 200 mg/h
® |mp|antét (Eé U inf 1: 100 mg/h
b e
o))
7 /4 =
* Faze platé =c, s
R4
® E = D 0 T T \ %
0 3 6 9 12 15 18 21 24
Tinf:10 h J éaS (h)

|

zich rychlostmi 100, 200 a 500 mg/h. Trvdni infuze T. .=10h,

Obr. 3.27 Krivky koncentrace-Cas léciva podaného v i.v. infu- IVI U
biologicky polocas eliminace léCiva, t, ,= 1 h I\/l E

|
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Plasma concentr

Opakovane podani lécCiva

* Intra- versus extravaskularni podani léCiva

\ \ \ \
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Faktory ovlivnujici ucinek lécCiva

* Interindividualni variabilita = rozdily koncentraci |éciva v plazmé u
raznych jedincu

| Terapeuticky index a bezpecnost |éCiva

* Individualizace davkovani

* Pocet endogennich ligandu a receptort

* Lokalni zmény koncentrace |éCiva

* ek, pohlavi, hmotnost, podil télesného tuku, genetické predispozice
e Zdravotni stav, koureni, strava...

ED50 (efektivni davka) — TC50 (toxicka davka) — LD50 (letdIni davka) — TD50/ED50 (terapeuticky index)



Nezadouci Ucinky [écCiv

* Narustaji s poctem uzivanych |éciv

* A — zavislé na davce (primési pyrogenu, bakterii, farmakokineticka
variabilita)

* B—imunologicke (alergie, pseudoalergické reakce = farmakogeneticke
odchylky)
* Typ 1 — casna reakce (tvorba IgE a jeho vazba na bazofily a Zirné bunky)
* Typ 2 — cytotoxicka reakce(vazba na Ery a tvorba IgM a 1gG)
e Typ 3 —tvorba imunokomplexu (lIécivo a 1gG a vazba na cévni sténu)
* Typ 4 — opozdéna (senzibilizované T-lymfocyty — zanét)
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Nezadouci Ucinky [écCiv

e C— pri chronickém podavani (tolerance, zavislost)

* D — opozdéna

Kancerogenita a genotoxicita

Hormonalni zmény

Imunosuprese

Reprodukcni a vyvojova toxicita

Kumulace IéCiva (napf. v materském mléce)

* E — po vysazeni — rebound fenomén, abstinencni syndrom
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Interakce léciv

e Co jsou lekové interakce a ¢eho se tykaji?

e Soucasné uzivani nékolika IéCiv (zmeéna sily a trvani ucinku, vzajemné
ovlivhovani Ucinkl, v€etné nezddoucich)

Lécivo X léCivy pripravek
Lécivo X doplnék stravy
LécCivo X léCivé rostliny
 Lécivo X potraviny
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Tabulka 1. Mechanismy farmakokinetickych interakei Iékt

absorpce

distribuce lekt
vV organismu

metabolismus
léciv

exkrece moci

exkrece hepa-
tobiliarni

zmeéna pH v GIT
adsorpce, chelace
zmeéna GIT motility

vytésnéni z vazby na plazmatickeé bilkoviny

indukce nebo inhibice transportnich protei-
nu (stirevo, hematoencefalicka bariéra)

indukce nebo inhibice first-pass effect
indukee enzymu

inhibice enzymu

zmena pH moci

inhibice aktivniho transportu v tubulech
zmena pratoku krve glomeruly

inhibice enterohepatalniho cyklu

inhibice transportnich proteinti v jatrech

omeprazol - ketokonazol
zivocisné uhli; antacida nebo mléko —TTC nebo chinolony
metoklopramid - paracetamol

teoreticky vSechny léky s vazbou na plazmatické bilkovi-
ny, prakticky vyznam maji napr. nékteré interakce warfa-
rinu nebo interakce methotrexat + co-trimoxazol

ketokonazol nebo itrakonazol s loperamidem

sporny klinicky vyznam

karbamazepin —warfarin

diltiazem nebo verapamil se simvastatinem

alkalizaci moci se zvysi vyluc¢ovani slabych kyselin (napf-.
kyselina acetylsalicylova)
probenecid - PNC i cefalosporiny (historicky vyznam)
snad NSA — lithium

timto se vysvétluje udajné selhani kontraceptiv zptasobe-
né antibiotiky (které vSak nebylo prokazano)

bosentan — glibenklamid
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Interakce
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Tabulka 2. Aditivni, synergické nebo sumacni interakce (podle!®/)

antipsychotika a jiné Iéky s parasympatolytickym
ucinkem (viz tabulka anticholiner: gika)

antihypertenziva a léky ptisobici hypotenzi (napf-.
fenothiaziny, sildenafil)

leky tlumici CNS s jinymi tlumivymi latkami: alkohol,
antihistaminika benzodlazepmv, opioidy, aj.

léky prodluzujici QT interval s ostatnimi takovymi léky

methotrexat + co-trimoxazol

kombinace léka s nefrotoxickym nebo hepatotoxic-
kym u¢inkem

KCI + ACE-inhibitory + antagonisté angiotenzinu II

zvySeni antimuskarinového aéinku: azeh ve vihkém
a horkém prostredi, paralyticky ileus, retence moci pri BHP,
dekompenzace glaukomu, toxicka psychoza

zvySeni antihypertenzniho ptisobeni, ortostaticky kolaps

snizeni psychomotorickych funkei (v¢. schopnosti fizeni moto-
rovych vozidel), snizeni pozornosti, ospalost, snizeni dechove-
ho objemu, koma, smrt

potenciace prodlouzeni QT intervalu a vzniku komoroveé aryt-
mie torsade de pointes s vysokou mortalitou

potenciace utlumu kostni drené

potenciace nefrotoxickeho nebo hepatotoxického ucinku

hyperkalémie

O =



Specificka obdobi zivota a poruchy
eliminacnich organu

e Tehotenstvi a kojeni

* Novorozenecké obdobi
* Détsky vek

* Seniofi

* Poruchy hemodynamiky
* Onemocneéni ledvin

* Jaterni onemocneéni
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Tehotenstvi a kojeni

* Teratogenita
 A—bezrizika, studie u téhotnych
B — bez rizika, studie na zviratech, studie u zen nebyly provedeny
C — teratogenni/embryocidni u zvirat, chybi studie u Zen
D — doklady o riziku pro lidsky plod
X — riziko podani prevazuje nad prospechem

e Barbituraty, benzodiazepiny, cytostatika, inhibitory ACE, kyselina
salicylova, NSA, tetracykliny, tyreostatika, warfarin

* Kojeni: nektera prokinetika a antidepresiva
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Novorozenecké obdobi

Snizena vazba na plazmatické bilkoviny

Velky objem extracelularni tekutiny

Neocekavané odpovédi na |éCivo

Nedostatecné vyvinuté biotransformacni/eliminacni systémy
Nedostatecné vyvinuta HEB

Enteralni aplikace — nespolehliva a obtizné predikovatelna
Intramuskularni aplikace — vysoka zavislost na perfuzi
Rektalni — OK

Endotrachealni

Transdermalni

Intravenozni — 100% biologicka dostupnost
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Détsky vek

Negativni ucinky |éCiv na procesy probihajici v détském véku (zuby)
Grey baby syndrom — chloramfenikol

Chrupavky — chinolony

Reylv syndrom — salicylaty

Parenteralni aplikace — vliv hydratace kuze
Peroralni aplikace — kolisani pH v zaludku, diraz na optimalni formu
Davka pro dité — davka pro dospélého x (BSA/1,7); BSA = (7xvék+45)/100 (m?)

VysSSi vyzralost parasympatického systému — paradoxni reakce (barbituraty,
benzodiazepiny)
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Seniofi

 Ubytek adaptaénich schopnosti a funk&nich rezerv
e Casto soubéh nékolika onemocnéni

e Prodlouzeni eliminace lipofilnich éCiv (snizeni GIT motility, zvyseni podilu
télesného tuku)

 Vyssi koncentrace hydrofilnich |éCiv v plazmé

* Zmény metabolizace a eliminace (snizeni prutoku krve jatry a ledvinami,
snizeni GF az o 50 %)

* Polypragmazie
* START/STOPP
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Poruchy hemodynamiky

* Transport |éCiva v obéhové soustave

* Zmeény v perfuzi jednotlivych organu — zmény ve vstrebavani [éCiv
* |.v. aplikace leciv — ale je vzdy mozna?

* Centralizace obéhu

e Zmény v distribucnich objemech

* Snizeni clearance pri snizeni minutového vydeje
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Onemocneéni ledvin a jater

* Ledviny
e Zmeéena farmakokinetickych parametru — GF, tubularni sekrece a reabsorpce
* Redukce davky

* Jatra
e Zvyseni biodostupnosti |éCiv
e LécCiva s hepatalni eliminaci — ovlivnéni clearance — zvyseni biodostupnosti
e Poruchy syntézy proteint krevni plazmy, hemokoagulacni poruchy
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Inovativni

* Genova terapie

écebné postupy

* Bunécna terapie

Transduce

with lentiviral
vector carrying
normal gene

S a

elect CD34+
stem cells

Collect e

mobilized blood

B

Harvest and freeze
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CAR T-cell Therapy

Insert gene for CAR

|:> DD CHE i £

S= DD =l antigen

- receptor
o g

(CAR)

CART cell

Vv

Grow many CAR T cells

T cell

CAR T cells attack cancer cells Inject CAR T cells into patient
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Drug development

DRUG DEVELOPMENT
Clinical

0,8 — 1 mld. USD
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Dékuji vam za pozornost

» Zdroje obrazku:
* VVolné dostupné obrazky na google.com

e Katzung, Trevor: Basic and clinical pharmacology, 14th Edition, McGraw-Hill
(2017)

» Svihovec a kol.: Farmakologie, Grada (2018)
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