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Farmacokinetiek
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Farmacokinetiek

. eliminatiefase: metabolisme, (redistributie) en excretie

AVC ol TV dage

o ST AUCofaral dose

Drug comeentration i ihe bioodstream

Time =
Farmacokinetiek
1. Absorptie
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Farmacokinetiek

1. Absorptie: intraveneuze toegangsweg (IV)
-> biologische beschikbaarheid = 100%

Farmacokinetiek

2. Distributie
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Farmacokinetiek

2. Distributie: verdeling over de weefsels
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Farmacokinetiek

2. Distributie

- con s
sl Fick’s Law of Diffusion
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Farmacokinetiek

2. Distributie

lonisatie:
* meeste farmaca zijn zwakke zuren/basen

* Henderson-Hasselbach: pH = pKa + log ([base]/[zuur])
—indien pH = pKa: [base] = [zuur]
—ion trapping (pH partition theory):

T K, = 4401000 1001 =[HA] + [A7]
HA — S A+ HY
Plasma | [pH=74

Lipid Mucosal Barrier Log i:ﬁ((l‘:.;g =pH - pK,

Gastric juica. | [pH=14

1] [0.c01] 1.001 = [HA] + [A7]
HA == A+ H*
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Farmacokinetiek

2. Distributie

Proteinebinding:

albumine

al-glycoproteine

15

sterke
eiwitbinding/ionisatie/
weinig vetoplosbaar

enkel in plasma:
V4 60 mL/kg

warfarine,
heparine, ICG

Farmacokinetiek

2. Distributie

lage proteine-binding
en slechte
vetoplosbaarheid

in extracellulair water:

V4 =200 mi/kg

mannitol

weinig gebonden/lage
ionisatie/sterk lipofiel;
spec. bindingsplaatsen

in total body water (ook
intracellulair):
V4 600 mL/kg

EtOH

Distributievolume (V) = dosis / concentratie (L of L/kg LG)

TABLE 3-2 Physical volumes (in L/kg body weight) of
some body compartments into which
drugs may be distributed.

Compartment and
Volume Examples of Drugs.
Water
Total body water Small water-soluble molecules: eg,
(06 Likg') ethanol
Extracellular water Larger water-soluble molecules: eg,
(0.2 Ltkg) gentamicin
Blood (0.08 L/kg); Strongly plasma protein-bound
plasma (0.04 Lkg) molecules and very large molecules:
&g, heparin
Fat (0.2-0.35 Likg) Highly lipid-soluble molecules: eg, DDT
Bone (0.07 L/kg) Certain ions: eg, lead, fluoride

!An average figure. Total body water in a young lean man might be 0.7 Likg; in an
obese woman, 0.5 Likg.
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Farmacokinetiek

2. Distributie

Distributievolume (V) Body Fluid Compartments of a 70-kg Adult Man

Total volume = 42 L
(~ 60% of body weight)

Intracellular Extracellular
fluid compartment fluid compartment
=28L =14L
Intravascular fluid Extravascular fluid
(Plasma) =1L
=3L |
Interstitial fluid Transcellular fluid
~105L =05L

© PhysiologyWeb at www.physiologyweb.com
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2. Distributie
Distributievolume (V) Body Fluid Compartments of a 70-kg Adult Man
Total volume = 42 L
(~ 60% of body weight)
|
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oy |
\ |
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Farmacokinetiek

2. Distributie

Distributievolume (V) Body Fluid Compartments of a 70-kg Adult Man

Total volume = 42 L
(~ 60% of body weight)

Intracellular Extracellular
fluid compartment fluid compartment

8 =28L =14 L
‘ I
‘ |

Intravascular fluid Extravascular fluid
(Plasma) =11L
=3L |

Interstitial fluid Transcellular fluid
~105L =05L

© PhysiologyWeb at www.physiologyweb.com

19
2. Distributie
Distributievolume (V) Body Fluid Compartments of a 70-kg Adult Man
Total volume = 42 L
(~ 60% of body weight)
|
Intracellular Extracellular
fluid compartment fluid compartment
=28L =14 L
/ '
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Farmacokinetiek

2. Distributie

Distributievolume (V)

21
Farmacokinetiek
2. Distributie
Snelheid van distributie ~ bloedflow:
o]
Vaatrijk (hart, longen, lever, nieren, hersenen) 10 75
Spieren 50 19
Vetweefsel 20 5
Vaatarm (huid, been, ...) 20 <1
22
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Farmacokinetiek

3. Metabolisme (biotransformatie)

23

Farmacokinetiek

I
lever e.a.

oxidatie;
reductie;

iU
lever e.a.

conjugatie:
glucuronidering

3. Metabolisme: doel = geneesmiddel wateroplosbaar te maken

I
bacterién
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JomlFatis

d‘uaiky‘luing;

ing
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reacties
product moed lekuul
enzym
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cytochroom P450:
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inactivatie
(soms) activatie

hydrofiel

polair

glyci
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metaboliet
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Farmacokinetiek

3. Metabolisme

Remifentanil Major
metabolic pathway
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3. Metabolisme

Hepatische klaring:

Hepatic clearance

occurs here |

€

small intestine

Cly = Qu

Hepatic blood flow

extractie ratio (E,)

Intrinsic clearance

4= oral administration

26
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Farmacokinetiek

3. Metabolisme

Hepatische klaring:

Matabaolism ()

I Clearing organ

Cone = Cohow+—  +—  +— CONG = Grpow
Flow = Q

|

Dirug removed via metabelism
R = Q2 { Gintow - Couson)

ER = (Cintiow — Coutiom)
Cintiow

= Clingrinsic

(Clinrrisic + Cragase)

High Extraction Ratio

Blood Flow, Qy Perfusion-Limited
Chouna ™ CU w L=
A Non-Restrictive
i
e ¥ ] eumination
p Cucqy

Low Extraction Ratio Capacity-Limited
Blood Flow, Qy

E<0.3
» Chound % Cu m Restrictive

Causes
v Elimination * Poor Drug Metabolism
Hepatocyte | Cucyy—1--—-- - « Poor Drug Transport
« Poor Drug Permeahility
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Farmacokinetiek

3. Metabolisme

Hepatische klaring:
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Farmacokinetiek

3. Metabolisme

Hepatische klaring:

The First Pass Effect

CLijer
ER= oo
Q

ER = Extraction Ratio
Q= Liver Blood Flow
CLyy Liver Clearance

GUT ABSORPTION FACTORS
Gastric emptying,
* Gl blood fiow,
7% Stomachph,
Interactions

29
Farmacokinetiek
3. Metabolisme
Hepatische klaring:
The First Pass Effect
@7 ER:CL%
IV toediening ...
30
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Farmacokinetiek

4, Excretie

31
Farmacokinetiek
4. Excretie
Renale kla ring: URINE FORMATION
32

30-1-2024
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Farmacokinetiek

4, Excretie

33

Farmacokinetiek

|

J

eliminatie

34
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Farmacokinetiek: wiskunde
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Farmacokinetiek: wiskunde

A V- R

Ki»

Peripheral |« = Central | Peripheral Caption
compartment compartment | compartment
Figure 1. Pharmacokinetics-pharmacodynamic
vV, ko Vi ks Vi

compartmental model with the effect site [5]

Muscles Blood: ¢ Fat
Viscera Brain ki Bones

Liver This figure was uploaded by Farzad
ke Towhidkhah

Effect site keo BIS index
compartment I 5 —>

Pharmacodynamics

Content may be subject to copyright
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Farmacokinetiek: wiskunde
One-compartment model:
Ci=Coe™ Blood concentration (C,) Log C,
Contrast agent o
\
l ) Slope =-k
Excretion Time
dC/dt =-k.C
dC/dt = snelheid waarmee concentratie (C) verandert
k = snelheidsconstante
n =0 (0% orde kinetiek) of n = 1 (15t orde kinetiek)
38
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Farmacokinetiek: wiskunde

Zero-order elimination First-order elimination
: 2.5 units/h
H elimination rate c 2liunrl‘iitt‘|sal?ion
% i ;/ ' gr — rate
s L E |
8 L H 2500 8 L 2.5 unitsh
8 | Y § [
; g
§ [ ASA, EtOH, uz.s il E 125
@ [ phenytoine / = L units/h
L L B I I i Lf
Time (h) Time (h)

:Michaelis-Menten elimination

Rate of elimination= V_.X C

K,+C

Km = Michaélis-Menten cst: de concentratie substraat waarbij de reactie verloopt aan % max snelheid

39

Farmacokinetiek: wiskunde

1t orde kinetiek:

¢ C=C,.cex InC InC, = InC, — kt

. logC, = logC,—kt/2.303
t t
k = eerste orde eliminatieconstante die aangeeft met welke proportie concentratie daalt

40
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Farmacokinetiek: wiskunde

Iogyo Concentration

®

Concentration

@) -
oG8

* Eliminatie snelheidsconstante, k__: fractie

7 eo

van GM dat wordt geélimineerd uit het

lichaam over een bepaalde tijdsperiode

Time
- * Beinvloed door (distributie), metabolisme
: en excretie
* Meestal 15t¢ orde snelheidsconstante
Time
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Farmacokinetiek: wiskunde
15t orde kinetiek: halfwaardetijd:
1.0 1.00
0.8 " (=
é 06 g i by ==t
g 050 é :
g 04+ 3l :
S 0250 ’71777”;* 7777777777 ;
02 0125 i [
- 0.0625 ] ]
. ‘xﬁ 003125 ! !
1 2 3 4 5 :r, :f
Time (half-lives) Time
" _ In(2) . 0.693
eelim — kK k
T, =0.693 x V, /Cl
- In(2) _, 0.693
o f"/x,zfim - "'/,,cum
42
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Farmacokinetiek: wiskunde

15t orde kinetiek: renale klaring:

3 mgikg L-OHP 8 molkg L-OHP
100 ¢ 100 ¢
s -0~ MNormal
z -4 Mild renal dysfunction
= TE' 10 10 -0~ Severe renal dysfunction
@
1
$5 !
Q3
b
& 0.1 04 k
=
0.01 0.01
V] 05 1 15 2 1] 05 1 1.5 2
Time (h)
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Farmacokinetiek: wiskunde
heparine
_ c
80 L4
40: ______
1 50%y in plasma concentration
Conc 20 4 }
(ug/ml) g J==7777~ o
Heparin : : — Kk = slope
10 - | |
— tn—!
| |
! |
sﬂT_ | |
o4+t
0 1 2 3 4 [ 6 7 8 9 10
time (h)
44
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Farmacokinetiek: wiskunde

CONTEXT-SENSITIVE HALF-TIMES

fentanyl

n
8
Il
T

diazepam

thiopental

-

a

S
1
T

100 dexmedetomidine
midazolam

alfentanil

a
=)
1

Kketamine sufentanil

propofol etomidate

context-sensitive half-times (minutes)

remifentanil

T T
1 2 3 4 5 6 7
infusion duration (hours)
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Farmacokinetiek: wiskunde
Two-compartment model: 7
C, =Ae+ Be P! Blood concentration (€,) —— Log C,
Contrast agent i
+— Distribution phase
: Elimination phase
| :
1 AUC ) B e Slop:
Excretion - : -
Time Time
inC
2 4
1
e, C=A.e®+B.ebt
o met a en B hybriede snelheidsconstanten
0 i 3 3 —
Hours
46
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Farmacokinetiek: wiskunde

Drie compartimenteel model

C=A.e® +B.ePt+Cel

0 0 120 180 200

InC[

Hours

Dose

%

Vi V3

lkw

47
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PK/PD

Pharmacokinetics
conceriration vs Hme

Pharmacodynamics
conoentration vs effect

Cosceyrason |

affEs] vs lime

49

* Studie populatie: jonge, gezonde, niet-obese ptn

* Meestal A < 25% tussen geschatte en gemeten concentratie

* Totaal lichaamsgewicht? Gecorrigeerd lichaamsgewicht?

=>vb. EEG monitor PK model Relevant groups.
Marsh (adult) Adults, elderly
Marsh (children) Children
Schnider Adults, obese, elderly
Kataria Children
Kataria (no covariates) Children
Cortinez Adults, obese, elderly
Coppens Children
Wietasch Adults, elderly
Paedfusor Children
Short. Children
Knibbe Children, adults, elderly
Rigby-Jones Young children, children
Rigby-Jones {multicenter) Young children, children
Schuttler Children, adults, elderly
ShangGuan Children
VanKralingen (obese) Obese
VanKralingen (obese and lean) Obese, adults
Dyck Adults, elderly
Tackiey Adults, elderly
White Adults, elderly
Wahg Children, adults, elderly

50
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PK/PD
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PK/PD

£ .-
y=mx+b,

POk

| e shatterstodcom 396936730

loading dose

52
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PK/PD

Effect site

Intravenous infusion

B
X

keo
Drug equilibrates between Effect compartment S sse
e oo o0 20m

and within compartments

k1e

Central compartment Third compartment
3

Second compartment
2

Elimination

54
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PK/PD

Hysteresis

Mean (95%CT) Predicted Propofol Plasma and Effect Site Concentration
with loading dose infusion rates of 200-1000 mLmin

— Mean Ce
= Mean Cp

Propefol concentration (mcg/ml)

0 T T T T T T T
00:00 01:00 000 03:00 04:00 05:00 06:00 07:00
Time (min)
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PK/PD

Hysteresis:

(A) (B) (c)

o

- —

—» Effect
—» Effect
—» Effect

—» Plasma concentration —» Plasma concentration —» Plasma concentration

1 - 4

g

i e b

g |

£ 2 o

v \0&
&

] 1 %)

I ’

g 1 o

5

8 ey oy

o 2 4 L3 8 10

Concentration

Drugin Drug Trans-
Biophase Receptor duction
Interaction EFFECT
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2. Farmacodynamiek

57

Farmacodynamiek

Drug Receptor
elimination enzyme
ion channel

T transporter

)

Drug Drug Drug Regulartory mB
administered absorption > distribution 3 proteins
I Transfer to site of action
Drug
metabolism

inds to q

e Mechanism
of drug action

target

Affinity

Response
to drug

J

Efficacy

Pharmacokinetics

Pharmacodynamics

= wat doet het farmacon met het lichaam?

58

30-1-2024

29



30-1-2024

Farmacodynamiek
1 2 3 4
Agonist Agonist Agonist Agonist
1 Na l ¥ X 1) lon Channels
a) Ligand Gated
b) Voltage gated
c) Second Messenger Regulated
2) G-Protein Coupled Receptors
3) Receptor Tyrosine Kinase
l l * ' 4) Intracellular Hormone Receptors
Na G-Protein Phosphorylation Transport to
Activation of Tyrosines on the Nscleus
l Key Signaling
Activation of l Molecules
i i Activation of
of Second Activation of transcriptic_m
Messenger Cell and translation
Signaling
Activation of
Cell Signaling
59
Membraanverankerde receptoren:
* Catecholamine receptor: a, b1, b2, dopamine...
* Serotonine receptor
* Histamine receptor: H1, H2
* Acetylcholine receptor: muscarine en nicotine
* GABA receptor
* N-methyl-D-Aspartaat (NMDA) receptor
* Opiaatreceptor: pul, u2,k, s, d...
60
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Farmacodynamiek

G-Protein Coupled Receptors

{Signa[ molecule
f O D EXTRACELLULAR

* Receptor
?Irf mf? ;n)' Y1050
iactive, L
6

DP\

— L LD
Gproeen SIS

61

Farmacodynamiek

{ { I '
Trimeric{ a :

78
G protein B 0 Downstrea
o NN

P

b1
Ader?_l%clase PLlCB RhofEF

ATP cAMP F‘ldlns(4,5)?1 Rho

O‘ FIRST MESSENGER

Ins(1,4.5)P, DAG

5. SECOND — ~A
ESSENGER

2. SPECIFIC C"SCADR
RECEPTOR

phos-a

Fig. 16-16. lated gly is in a liver cell d the role of G proteins in cellular function.
The first messenger (epinephrine) binds to its specific receptor, stimulating the G protein (in this case Gs) to activate the
effector, adenylyl cyclase. This enzyme converts adenosine triphosphate (ATP) to cyclic adenosine monophosphate (cAMP),
the second messenger, which then triggers a cascade of enzymatic reactions that stimulates the enzyme phosphorylase
(phos-a) to convert glycogen into glucose, which the cell finally extrudes. (From Linder and Gilman, with permission.)

62
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Farmacodynamiek

Cytoplasmatische/nucleaire receptoren:

cyloplasm
~
wmn:‘_) mANA
Nnmn-ai‘)’ b .)
owcsear ot UGN

63

Farmacodynamiek

Agonist-receptor: sleutel-slot principe

30-1-2024
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Farmacodynamiek

Intrinsieke activiteit van geneesmiddel:

ligjariels potentie
J00m [~ = == e e e e e = ) Full agonist
90% E
80% :
=5 J [0}
E w . Partial agonist =
i ' o
P ! g
full partial antagonist Ol EEEEEEEEEEEER Pl th - g.
agonist agonist E on ' |
T / ;
P : :
o : 1
0% . !
Drug concentration (log)
strong smaller no effect
effect effect L o)
65
Intrinsieke activiteit van geneesmiddel:
ligands’
1005 . Full agonist
90%
80%
E 70%
E 60%
full partial antagonist $ sm
agonist agonist .
= 30%
20%
10%
0%
Drug concentration (log) Epax
strong smaller
effect effect iz
66
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Farmacodynamiek

Agonist cpioid
(morphine)

K Agonist «

Both receptors
octivoted —=
opioid octions

Analgesia — increase

A Log dose— increase

iy Agonist
Partial ogonist opioid opioid
(buprenorphine)

K
Partiol
octivation
of u receptor

Partiol
ogonist

Analgesia — increose

Log dose — increose

67
’ y Agonist &
Opioid ontogonist opioid Agonist-ontogonist Agonist
(naloxone) (nalbuphine)
Y —
_\“)_ %
- Antogonist
N°f °°“"°1“‘:" Activation of « receplor
DE-SacERIneS but occupation without
© oction at the p receptor
2
= 3
g Agonist Agonist + §
? ontogonist 5
=3
o — 1'
g °
o —
s H
s _:' ontogonist
e (x interoction)
<
c Log dose—increase ;
D Log dose —= increcse
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Farmacodynamiek

Typical Agonist Promoted Receptor Activation

Inactive Conformational change and
Receptor interaction with G proteins

L

G-protein

Agonist

Constitutively Active Receptor and an Inverse Agonist

Active confermation Inverse Inactive
in absence of agonist Agonist Receptor

L g - A pAgpAj
U il 0

— = 1004 Full
agonist
75
activation by
saturating ® 50 Partial
endogenous ligand g agonist
Q 25
% 25
~ 8 o Neutral
constitutive activity o Antagonist
absence of ligand pcin
50 Inverse

ST T T T T agonist

1010 109 10% 107 10¢
[Drug]
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Farmacodynamiek

Intrinsieke activiteit van geneesmiddel:

L = S Fonax
90% All these drugs are full agonists,
but with different potency
80%
 wm
é 60%
B
B
I e
2
8
B 40%
3
4
30%
20%
10%
0%

Drug concentration (log)
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A TOLERANCE B TACHYPHYLAXIS
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Effect| Effect| Dose 2
Dose 3
Dose 4
Log Concentration Log Concentration
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D1 D2 D3 D4 DS 06 EPINEPHRINE
A Successive doses of ephedrine have B. Epinephring remains effective even
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LD50/ED50: therapeutische index
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therapeutisch concentratievenster:

Plasma Concentration-Time Curve
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Antagonism

Additivism

Synergy
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