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~vesrer - Pharmacokinetics (PK)
« Describes the movement of drugs in and out of the

body through the following processes:

I.  Absorption: the movement of drug from the site of oral or
extravascular administration into the systemic circulation

ii.  Distribution: the reversible transfer of drug between the
systemic circulation and the tissues

lii. Elimination: the removal of drug from the body by
processes such as renal excretion or hepatic metabolism




~veemer - CONcentration-time profile
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UPPSALA
aresar . PK model

« Hypothetical structures used to describe and
predict the disposition of drugs

For example:
If the desired target range of Drug X is 10-20 mg/L
- What loading dose should be used to achieve a serum
concentration of 15 mg/L?

- What is the maximum concentration if an oral loading
dose of 1000 mg is given?

- What concentration would you expect to measure 8
hours after the dose?



~veemer - HOW tO develop PK models?

 PK models can be developed by two approaches:
I. Empirical approach (traditional method)

. Mechanistic approach



w~veemer - EMpIrical approach

« Compartmental model e.g. one- and two-compartment models

100
n and

n Semilog plot

10.00 -

g
g 10 _
=
= P g 1.00 4
g Elimination E
- 5
£ g
1 £
E 0.10 A
3
0 - - - 1 0.01 : : : ' ' s
1] 10 20 30 40 0 0 4 8 12 16 20 24
Time (hours) Time (hours)
Kz D = dose ofthe dmg
D —P vV, V, D v WV = wolume of distribution
Koy k = -elimination rate constant
lkm Kk

« Simple but the models have no physiological meaning
» Derived from the experimental data (drug concentrations)
« Complexity of the model depends on the data available



e Mechanistic approach

 PK processes of drugs are described by physiologically realistic
compartment (anatomy of organism).

* E.g. Whole-body physiologically based pharmacokinetic (PBPK)
models, liver metabolism models, absorption model.

The Simcyp ADAM model
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PBPK models implemented in Simcyp simulator (www.simcyp.com)




~veemer - Mechanistic approach

 The main use is for predicting drug concentrations with
the extrapolation techniques
I.  Inter-species (e.g. rat to human)
ii. Inter-tissue (e.g. plasma to less accessible organs)
lii. Inter-route (e.g. IV to oral)
Iv. Inter-drug (e.g. other drug in the same class)
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Example

A whole-body physiologically based

pharmacokinetic (WBPBPK) model for children
with severe malnutrition




wsns  General method [1]
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Input parameters PBPK model

1. Drug specific

- Tissue:plasma partition
coefficient (Kp)

- LogP, pKa

- Protein binding (R, fu)

- Solubility, Permeability

- Rate and extent of absorption

- Clearance

- Dosage form, particle size

- Incorporate uncertainty and
variability

- Simulate n times to obtain
median and Pls
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-
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-
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2. Species specific
- Organ volume
- Organ blood flow

Trial design

- Dosing regimen

- n doses

- n subjects

- Demographic data

Arterial blood
Concentration (mg/L)

0.01

Time (k)
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General method [2]

Model for
healthy adults

Scale PBPK parameters
to healthy children

Model for
healthy children

Scale PBPK parameters to
malnourished children

Model for

malnourished
children



~veerer - RESUItS: healthy adults
1) IV bolus model (ciprofloxacin 100 mg)
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2) IV infusion model

Concentration [mg/L]
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~veerer - RESUItS: healthy adults

3) Oral model
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Pl Results: organ concentrations
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Results: oral model for healthy children
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Results: oral model for malnourished children
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~vesrer - APpPlication

I. Drug discovery and development: “learn & confirm”

Simulation Simulation If the model prediction

is adequate, then do
PBPK model PBPK step forward.
animal refinements | | huma
If the model prediction
Confirmation Confirmation 'S inadequate, there are
some systems that we
Step forward do not know yet.

. Patient care

Predict drug concentrations, efficacy and toxicity for special
popualtions
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wversier P rogram for PBPK simulation

Bal=1 I Y - e | B - BB RE B | stack| Base - || fx
H@E - [+ [+h1 s [woE[0)
1 E&unccinn [f, ff,smp_BW, smp_CO] = samCO (mean, var) =]
2 - | smp_co=[1: -
3= smp_CO=normrnd (360, 36) ;
581 - | t=[0 0.083 0.17 0.25 0.5 0.75 1 1.5 2 3 4 5 & 7 & 12]; 41— | sum a11=[1; ]
582 % £=[0:0.01:12]; - | £e=11;
583 — [z, B, bl=matrix(p,n,dose); 6 — [while (mean>0)
584 — [t,v]=odeZ3s("F¥model',t,z); 7 - [£, smp_BW] = samBW (mean,var);
585 — Conc=y'; %transpose matrilx B — hh:1]=:f:4}”0.065*5@_(:0}/1.8; 2liver
586 — kk=size (Conc); %trecurn array dimension - ki 1 14 o= Bh(2)=(£(5}*0.15%smp_CO) /1.1228407; $gut (small+large intestine and stomach)
2 (= LKk (1,2); wmele | = KR (3)=(f(6) *0.03*smp_CO) /0.142315; $spleen
S szine=y(i,m); i |= hn(4)=(£(7)*0.19*smp_CO) /0.2352381; tkidney
| Concsim=[Concsim; Concl: 12 — nh(5)=(f(8)*0.17%smp_CO) /27.857829; smuscle
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S8t - | Conosim: ) 14 - hh({7)=(£(10)*0.05%smp_CO) /2.9596892; $skin
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IV bolus (mg) Kagm) | 256 | ¢y | 10 | Lungs Lungs | 04784 | oV | 10 | Lungs
W tt . MATLAB . t IV infusion (mg/h) Tagh) | 03 | cv | 10 | Wenous Venous 18 | Cv | 10 | Venous
[ ]
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~veemer - BaACK up slides



~veerer - MoOdel equations

« Mass of the drug in each organ was calculated using
Linear ordinary differential equations (LODE)

1) Non-eliminating organs:

V_I_. dCT,i — QT. X (CA' CT,i )
todt : Kb,

|
2) Eliminating organs (kidney, liver, gut):

V dCT,i _ Q X (C CT,i ) CL X CT,i
T,i dt T,i A Kb int Kpu

C = concentration (mg/L), Q = blood flow (L/h), Kb = tissue:blood partition coefficient, Kpu = tissue:plasma
unbound partition coefficient, CLint = intrinsic clearance (L/h), V = volume (L), T = tissue, A = arterial blood, i =
each organ in the model



e in silico Kp prediction

« Based on in vitro data of i. drug lipophilicity (LogPg.,y), Ii. protein binding
(fu, R) and iii. tissue composition

-
water water |IpIdS phosphollplds phosphollplds
| 0346 | 0100 | 067 |
Brain | 078 | 0.051 | 00565 | 0620 | 0162 | 040
-m-




1) Poulin and Theil method
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UNIVERSITET _ [P'(an +0.3V,,) +V, /fu, + 0'7Vph].ﬁssue

Kp =
[P : (an +O'3Vph) + VW /fUp + Ol?vph ] -plasma

2) Rodgers and Rowland method

/KpUBC _ [(Hct-l) ¥ R} \

fu + Hct

— 1 APKagase -pH; pH,, -pHa . \v—1 nPKagase -PH PH,-PHaAcH . —— 1 APKage -pH; pH,,, -pHa
X_lo BASE iw +10 iw ACID : Y_lo p +1O p : Z_lo BC iw +10 iw BC

[ P-V, s +(0.3P+0.7)-V,
Ka,, = | Kpug - (E'\/iw,BCj _ nl,BC ( ) nlBC || 1+Y
i 1+Y 1+Y AP,_-Z
: -AP. -V, +(0.3P+0.7)-
Kpu = M +V, + Ka,e -AP-X + P -V, +(0.3P+0.7) Vph
1+Y 1+Y 1+Y

)

P = Py and Dy, for lean and adipose tissues, respectively. D, 5., Were estimated using linear
regression and Henderson-Hasselbalch equations. Kp = Kpu-fu

3) Empirical method

n -
+ (Vg -RBC, -Tu) + 37V, x10% <00 s 100K 0t

Vss =V

plasma




