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Components of effective Permeability
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Experimental Conditions affecting Permeability

Pre - Experimental Post-.
experimental conditions experimental
factors factors:
Calculations
m%
=P Media pH
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Post- Experimental factors

Calculation of effective permeability
Estimation of transport components
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Post- Experimental factors
Sink conditions and single barrier model

J=AR(G, -G)
sink conditionsC; » |
C, constant
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Post- Experimental factors
Sink conditions and single barrier model

Correction for donor concentration change

Calculation of effective permeability (under
non-sink conditions)

M R — VR >(1 _e-aXbX)

MD(O) Ve * Vo
a=AxP /VD

app
- VR + VD
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Post- Experimental factors
Calculation of effective permeability

Pharmacopeial forum vol 28(1) 2002
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47 Concentraciones acumuladas
48 Insert Surface (cm2) 1131
49 Receiver(ml) 12
50 - take(ml) 06 dilu(ml) 06
51 Ti area [con(uM)  Taceu (uM) [Accu(uM) [Accu {nmol) |
527 10 221 2210 210 2652
537 20 267 26.70 3775 453
547 30 286 28.60 53.00 636
550 40 272 27.20 65.90 79.08
567 50 253 25.30 7760 93.12
577 60 235 2350 88.45 106.14
58
59 ‘B{nmol/min) 15915
50 | Afnmol) 13.2560
61 R2 0.9943
62
63 P (cmisec) 4.72E-05
64 P (cm/sec)10” 47.23
65
dM (1) dMg(t 1
—R—=PXA><C,),,=>—R()>< =p
dr dt AXCpy
Integrating gives (57):
Mpg(1)
MeD _ po a4 const
Chy
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Post- Experimental factors
Calculation of effective permeability

Pharmacopeial forum vol 28(1) 2002
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15 Celiprolol Day 1 Ba 21uM
2 _ M, _ V. ok
17 Celiprolol  Day 2 B 500 = -e
18 A (cm?) 1131 M V +V
19 no -~ | '"V'po R D
20 | Vd (em’) 0.400 25.000 77 (©
21 | Vriem’) 1.200 20.000
22 Vs (em’) 0.600 15.000 a _— AXF) /VD
23r 0.500 10.000 app
24
5000
2: CO (M) 496600 so00 VR + VD
o oo s w = p=
5 v,
28
29 R
30 insert 3
31 stare 1 Non-linear curve-fit
32 stop 6 tis) Crexp (uM)  Cr theor (uM) &iff*2 Cr Mtot (nmol)
33 o o 0.000 0.000
34 600 221 20328 3.140 198.640
35 Pstart 1.26E-07] 1200 267 27.580 0774 186.443
36 P (cmis) 1300 286 28918 0101 160,893
37 2400 272 27.702 0252 152544
38 3000 253 25483 0.037 135923
39 SSE 4.55E-00 3600 235 23.004 0246 120.627
40
41
2
43 | Crl recale. 0.0000|
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Post- Experimental factors
Estimation of Transport Components:

P versus C data fitting: UWL and filter
resistance correction

C versus t data fitting : donor and
acceptor sampling.
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Classical approaches
Initial velocity approach
Single Barrier (two compartment model)
Need for sink conditions
Absence of mass balance problems
Negligible UWL and filter effects

Molecular based transport models

Identification of affinity and diffusion parameters at
molecular level

Need for more complex software and intensive computing.
Not amenable in the high throughput environment
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Post- Experimental factors
Estimation of Transport Components:

C/Q versus t data fitting : donor and
acceptor sampling. (first example)

P versus C data fitting: UWL and filter
resistance correction (second example)
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Post- Experimental factors
Estimation of Transport Components:

Q versus t data fitting
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Experimental design

ATCC and TCY7 cell lines
Donor concentration from 50 mM to 7500 M.
A to B and B to A transport experiments

Transport experiments:CNV97100 (50 nM) in
presence of Verapamil (1;10;100 and 1000
M)

Sampling from donor (2) and receiver (4)
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Permeability and efflux ratios (PBA/PAB) in Caco-2-ATCC
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Permeability and efflux ratios (PBA/PAB) in Caco-2-TC7
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Effect of Verapamil in Caco-2-TC7 cell line
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NONMEM Model construction
Three compartment system
Parameters with physiological and
mechanicistic meaning.
Assumptions:

Passive diffusion and Michaelis menten transport
component

Negligible paracellular permeability****
Negligible filter resistance***

UWL not is a limiting step****

Competitive inhibition mechanism for verapamil

*** the model could accomodate these three
components

23
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Kinetic in vitro models Apical (3) Cell (C) Basolateral (8)
Model A
Cell lines
*ATCC
Model B
Models:
sTransporter location
*Transporter binding site Model C
Different apical-basal membrane
permeability
«Different Vm for each cell line
Model D
Binding site
Transporte
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Modeling Steps

Fit of models A to D
in ATCC

Fit of models A to D
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in TC7
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Best Model selectioh:
Model D
A
Fit Models

of increasing complexit

to the Whole Data se

v

1. All parameters in
common in both cell line

(7]

DifferentVm
for ATCC and TC7
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Criteria for model selection

Experimental versus predicted values plot
R2
Randomness of residuals

Minimum objective function. (MOF)
- Snedecor’s F test p<0.05

Parameter’s Standard Error of estimation.
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Differential equations: Model D
Model Apical transporter
Intracellular* binding site Pac Pes
Different Apical and Basolateral resistances v Model D
~<C M
M
dQA =cl (Qc QA)+ Vc Kwm Binding sitf
—~lac VAR
dt Vc VA K +% Transporte
M
c
Q
M
A _ o (2 Q% o (2 Q v
ot cs'(v Yy b Ac'(\T 7) —
¢ B c A KM + <C
cl Ve
= 9:9; < 18/
d_QB:C| .&_&) P_S S-;o
cB o
dt V. V, <92
% & & & $ ( ) ¥4 -+ /101 [*2#3/*44
Departamento Farmacia y Tecnologia Farmacéutica © -

SRS RS _

Basolateral to Apical transport is more
sensitive to pump inhibition than the Apical
to Basolateral one due to the different
barrier properties of apical and basolateral
membranes

The slight differences in P-gp expression
have a kinetic relevance that was posible
to detect by means of curve fitting and
model selection.
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In vitro fitting parameters ATCC and TC7.
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Values (CV%) o
Parameters ATCC | TC7 .
Cellular volume | 7.38102(22.2) |7
(mL) ‘;
Ky (MM) 376102 (375) |5
g
E{ 1000
P, (cm-s?) 8.40-106 (7.5) a
Pes (cm-s) 3.45-10 (28.8) it conceruaton )
Vi 6.17-103 | 1.27.102
(nmol-sicm?) | (24.6) | (22.4) Cl _ p R_1
A P
Gonzalez-Alvarez | et eKenobiotica, 2005 35(12)
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Post- Experimental factors
Estimation of Transport Components:

C versus t data fitting : donor and
acceptor sampling. (first example)

P versus C data fitting: UWL and filter
resistance correction (second example)

33
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Objective

To delineate the interplay between
transporter expression and substrate
affinity and the influence of the UWL on
the estimation of transport parameters.

Transport experiments of Sodium
Taurocholate were performed in MDCK-
hASBT cells with different expresion levels

35
Departamento Farmacia y Tecnologia Farmacéutica ©

MEMTRANS Workshop, September 2009 MEMTRANS
Post- Experimental factors
P versus C data fitting: UWL correction
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Post- Experimental factors

P versus C fitting: UWL correction
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Post- Experimental factors
P versus C fitting: UWL correction
RESISTANCES — 1
D ]
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1 1 1
P
Pap Pcell PABL
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ap
PceII + PABL
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ABL-absent model ABL-present model
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Post- Experimental factors
P versus C data fitting: UWL correction

1 1 1
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Error-free simulations
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Simulations with 15% random error ( on J)
15 scenarios, 100 experiments (3 replicates)

T

c "
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Scaling up?
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Scaling-Up results
Effective Permeability= Transcelular + Paracelular

Cell model

B-to-A Ry = Ry +—"—

X Area correction

x expression level correction .
Paracelular correction

V.
Rat — _ m
Rat, Human (MMM Rat R =P i
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Experimental versus predicted GRX permeability values
8e-5
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MEMTRANS

Value CV %

Grepafloxacin

Poiere cm/s 1.80E-05 8.09
\V nmol/(cm®-s) 1.02E-02  48.02
Kuw microM 1000.04 47.27

F 4.30

11.18

CNV97100

Poiee cm/s 8.00E-06

9.5

\/y nmol/(cm?-s) 1.15E-04

46.14

Km microM 20.41

47.79

F 3.84

11.35
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Experimental vs predicted Permeabilities.

R?=0.9535
8.0E-05

70E-05 /
6.0E-05

5.0E-05 / # grepafloxacin
40E05

Experimental
Peff(cm/s)

M B CNV97100
3.0E05
2.0E05 ¢
10E05
0.0E400
0E#00  2E05  4E05  6E05  BEDS

Predicted Peff (cm/s)

Rodriguez-lbafiez M et dht J Pharm. 2006 3;307(1):33-41.
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CNV97100 experiments In situ in rat
4e-5
o 3e-5 A
IS
o
2
2 2e-5 1
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£
¢
le-5 A
0.1 1 10 100 1000 10000
Concentration Micromolar
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1.00 1
_ - Sxka,, xT
Fa=1-€ > @
0.80 7
— - ka xT
k5 F,=1- € ‘G
20601
o}
80 40 1
oh
L
0.20 7
0.00 f f : :
1.00E-08 1.00E-07 1.00E-06 1.00E-05 1.00E-04
Peff
Parameter Units Estimate StdError CV%
T hours 1.314 0.175 13.32
SF - 5.587 1.118 20.02
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