Copyrighted Material

Absorption and
Drug Development

Solubility, Permeability,
and Charge State

Alex Avdeef

LT e, B el
WARE Ly
Pl e = L W T RN e A T W e Tl o S M T o Wl e g e B T ,\ it e S



ABSORPTION AND
DRUG DEVELOPMENT



ABSORPTION AND

DRUG DEVELOPMENT

Solubility, Permeability, and
Charge State

ALEX AVDEEF
pION, Inc.

@WILEY- INTERSCIENCE

A JOHN WILEY & SONS, INC., PUBLICATION



Copyright © 2003 by John Wiley & Sons, Inc. All rights reserved.

Published by John Wiley & Sons, Inc., Hoboken, New Jersey.
Published simultaneously in Canada.

No part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form or
by any means, electronic, mechanical, photocopying, recording, scanning, or otherwise, except as
permitted under Section 107 or 108 of the 1976 United States Copyright Act, without either the prior
written permission of the Publisher, or authorization through payment of the appropriate per-copy fee
to the Copyright Clearance Center, Inc., 222 Rosewood Drive, Danvers, MA 01923, 978-750-8400,
fax 978-750-4470, or on the web at www.copyright.com. Requests to the Publisher for permission should
be addressed to the Permissions Department, John Wiley & Sons, Inc., 111 River Street, Hoboken,

NJ 07030, (201) 748-6011, fax (201) 748-6008, e-mail: permreq@wiley.com.

Limit of Liability/Disclaimer of Warranty: While the publisher and author have used their best efforts in
preparing this book, they make no representations or warranties with respect to the accuracy or
completeness of the contents of this book and specifically disclaim any implied warranties of
merchantability or fitness for a particular purpose. No warranty may be created or extended by sales
representatives or written sales materials. The advice and strategies contained herein may not be suitable
for your situation. You should consult with a professional where appropriate. Neither the publisher nor
author shall be liable for any loss of profit or any other commercial damages, including but not limited to
special, incidental, consequential, or other damages.

For general information on our other products and services please contact our Customer Care Department
within the U.S. at 877-762-2974, outside the U.S. at 317-572-3993 or fax 317-572-4002.

Wiley also publishes its books in a variety of electronic formats. Some content that appears in print,
however, may not be available in electronic format.

Library of Congress Cataloging-in-Publication Data:

Avdeef, Alex.

Absorption and drug development : solubility, permeability, and

charge state / Alex Avdeef.

p. cm.

Includes index.

ISBN 0-471-42365-3 (Cloth)

1. Drugs—Design. 2. Drugs—Metabolism. 3. Drug development.
4. Absorption. 1. Title.

RS420 .A935 2003

615" .19-dc21 2003011397

Printed in the United States of America

10987 654321



Carla
Natalie
Michael



CONTENTS

PREFACE Xiii
ACKNOWLEDGMENTS xvii
DEFINITIONS ixx
1 INTRODUCTION 1

1.1 Shotgun Searching for Drugs? / 1

1.2 Screen for the Target or ADME First? / 2

1.3 ADME and Multimechanism Screens / 3

1.4 ADME and Medicinal Chemists / 4

1.5 The “A” in ADME / 5

1.6 It is Not Just a Number—It is a Multimechanism / 6
2 TRANSPORT MODEL 7

2.1 Permeability-Solubility-Charge State and the

pH Partition Hypothesis / 7

2.2 Properties of the Gastrointestinal Tract (GIT) / 11

2.3 pH Microclimate / 17

2.4 Intracellular pH Environment / 18

2.5 Tight-Junction Complex / 18

2.6 Structure of Octanol / 19

2.7 Biopharmaceutics Classification System / 20

vii



viii CONTENTS
3 CHARGE STATE 22

3.1 Constant Ionic Medium Reference State / 23

3.2 pK, Databases / 24

3.3 Potentiometric Measurements / 25
3.3.1 Bjerrum Plots / 25
3.3.2 pH Definitions and Electrode Standardization / 27
3.3.3 The “Solubility Problem” and Cosolvent Methods / 29
3.3.4 Use of Cosolvents for Water-Soluble Molecules / 30

3.4 Spectrophotometric Measurements / 31

3.5 Capillary Electrophoresis Measurements / 32

3.6 Chromatographic pK, Measurement / 33

3.7 pK, Microconstants / 33

3.8 pK, “Gold Standard” for Drug Molecules / 35

4 PARTITIONING INTO OCTANOL 42

4.1 Tetrad of Equilibria / 43

4.2 Conditional Constants / 45

4.3 log P Databases / 45

44 logD / 45

4.5 Partitioning of Quaternary Ammonium Drugs / 50

4.6 log D of Multiprotic Drugs and the Common-Ion Effect / 50
4.7 Summary of Charged-Species Partitioning in Octanol-Water / 53
4.8 Ion Pair Absorption of Ionized Drugs—Fact or Fiction? / 53
4.9 Micro-log P / 54

4.10 HPLC Methods / 54

4.11 TAM Chromatography / 54

4.12 Liposome Chromatography / 55

4.13 Other Chromatographic Methods / 55

4.14 pH-Metric log P Method / 55

4.15 High-Throughput log P Methods / 59

4.16 Octanol-Water log PV, log P!, and log D74
“Gold Standard” for Drug Molecules / 59

5 PARTITIONING INTO LIPOSOMES 67

5.1 Tetrad of Equilibria and Surface Ion Pairing (SIP) / 67
5.2 Databases / 69
5.3 Location of Drugs Partitioned into Bilayers / 69



CONTENTS ix

5.4 Thermodynamics of Partitioning: Entropy- or Enthalpy-Driven? / 70
5.5 Electrostatic and Hydrogen Bonding in a Low-Dielectric Medium / 71

5.6 Water Wires, H"/OH™~ Currents, and the Permeability of Amino
Acids and Peptides / 73

5.7 Preparation Methods: MLV, SUV, FAT, LUV, ET / 74

5.8 Experimental Methods / 75

5.9 Prediction of log Pyem from log P / 76

5.10 10g Dinems diffinems and the Prediction of log PSP from log P! / 79
5.11 Three Indices of Lipophilicity: Liposomes, IAM, and Octanol / 83
5.12 Getting it Wrong from One-Point log Dy, Measurement / 84
5.13 Partitioning into Charged Liposomes / 85

5.14 pK*™ Shifts in Charged Liposomes and Micelles / 86

5.15 Prediction of Absorption from Liposome Partition Studies? / 90
5.16 log PN, log PSP ““Gold Standard” for Drug Molecules / 90

mem? mem

SOLUBILITY 91

6.1 Solubility—pH Profiles / 92
6.1.1 Monoprotic Weak Acid, HA (or Base, B) / 92
6.1.2 Diprotic Ampholyte, XH; / 93
6.1.3 Gibbs pK, / 93

6.2 Complications May Thwart Reliable Measurement of Aqueous
Solubility / 99

6.3 Databases and the ‘““Ionizable Molecule Problem” / 100
6.4 Experimental Methods / 100
6.4.1 Saturation Shake-Flask Methods / 101
6.4.2 Turbidimetric Ranking Assays / 101
6.4.3 HPLC-Based Assays / 101
6.4.4 Potentiometric Methods / 101
6.4.5 Fast UV Plate Spectrophotometer Method / 107
6.4.5.1 Aqueous Dilution Method / 107
6.4.5.2 Cosolvent Method / 108
6.5 Correction for the DMSO Effect by the A-Shift Method / 111
6.5.1 DMSO Binding to the Uncharged Form of a Compound / 111
6.5.2 Uncharged Forms of Compound—Compound Aggregation / 112
6.5.3 Compound—Compound Aggregation of Charged
Weak Bases / 112
6.5.4 Ionizable Compound Binding by
Nonionizable Excipients / 113
6.5.5 Results of Aqueous Solubility Determined from A Shifts / 113



X

CONTENTS

6.6 Limits of Detection / 115
6.7 log Sy “Gold Standard” for Drug Molecules / 115

PERMEABILITY

7.1 Permeability in the Gastrointestinal Tract and at the
Blood-Brain Barrier / 116

7.2 Historical Developments in Artificial-Membrane Permeability
Measurement / 118

7.2.1
722
7.2.3
7.24

Lipid Bilayer Concept / 118
Black Lipid Membranes (BLMs) / 123
Microfilters as Supports / 124

Octanol-Impregnated Filters with Controlled
Water Pores / 128

7.3 Parallel Artificial-Membrane Permeability Assay (PAMPA) / 128

7.3.1
7.3.2
7.3.3

7.3.4

7.3.5

7.3.6

Egg Lecithin PAMPA Model (Roche Model) / 128
Hexadecane PAMPA Model (Novartis Model) / 129

Brush-Border Lipid Membrane (BBLM) PAMPA Model
(Chugai Model) / 130

Hydrophilic Filter Membrane PAMPA Model
(Aventis Model) / 131

Permeability—Retention—Gradient—Sink PAMPA Models
(pION Models) / 131

Structure of Phospholipid Membranes / 131

7.4 The Case for the Ideal In Vitro Artificial Membrane
Permeability Model / 132

74.1
742
743
7.4.4

7.4.5

Lipid Compositions in Biological Membranes / 132
Permeability—pH Considerations / 132
Role of Serum Proteins / 135

Effects of Cosolvents, Bile Acids, and
Other Surfactants / 135

Ideal Model Summary / 137

7.5 Derivation of Membrane-Retention Permeability Equations
(One-Point Measurements, Physical Sinks, Ionization
Sinks, Binding Sinks, Double Sinks) / 137

7.5.1
7.5.2

Thin-Membrane Model (without Retention) / 139
Iso-pH Equations with Membrane Retention / 142

7.5.2.1 Without Precipitate in Donor Wells and without
Sink Condition in Acceptor Wells / 143

7.5.2.2 Sink Condition in Acceptor Wells / 147

116



7.5.3

CONTENTS Xi

7.5.2.3 Precipitated Sample in the Donor Compartment / 147

Gradient pH Equations with Membrane Retention:
Single and Double Sinks / 148

7.5.3.1 Single Sink: Eq. (7.34) in the Absence of Serum
Protein or Sink in Acceptor Wells / 150

7.5.3.2 Double Sink: Eq. (7.34) in the Presence of Serum
Protein or Sink in Acceptor Wells / 151

7.5.3.3 Simulation Examples / 152
7.5.3.4 Gradient pH Summary / 153

7.6 Permeability—Lipophilicity Relations / 153

7.6.1

Nonlinearity / 153

7.7 PAMPA: 50+ Model Lipid Systems Demonstrated with
32 Structurally Unrelated Drug Molecules / 156

7.7.1

7.7.2

7.7.3

7.7.4
7.7.5

Neutral Lipid Models at pH 7.4 / 160
7.7.1.1 DOPC / 166

7.7.1.2 Olive Oil / 167

7.7.1.3 Octanol / 168

7.7.1.4 Dodecane / 168

Membrane Retention (under Iso-pH and in the Absence of Sink
Condition) / 169

Two-Component Anionic Lipid Models with Sink Condition
in the Acceptor Compartment / 171

7.7.3.1 DOPC under Sink Conditions / 177

7.7.3.2 DOPC with Dodecylcarboxylic Acid under
Sink Conditions / 179

7.7.3.3 DOPC with Phosphatidic Acid under
Sink Conditions / 179

7.7.3.4 DOPC with Phosphatidylglycerol under Sink
Conditions / 181

7.7.3.5 DOPC with Negative Lipids without Sink / 181

Five-Component Anionic Lipid Model (Chugai Model) / 181

Lipid Models Based on Lecithin Extracts from

Egg and Soy / 183

7.7.5.1 Egg Lecithin from Different Sources / 183

7.7.5.2  Soy Lecithin and the Effects of Phospholipid
Concentrations / 187

7.7.5.3 Lipophilicity and Decrease in Permeability with
Increased Phospholipid Content in Dodecane / 194

7.7.5.4  Sink Condition to Offset the Attenuation of
Permeability / 196



Xii

CONTENTS

7.7.6

7.1.7

7.7.8

7.7.9

7.7.10
7.7.11
7.7.12
7.7.13
7.7.14

7.7.15

7.8.1

7.7.5.5 Comparing Egg and Soy Lecithin Models / 198
7.7.5.6 Titrating a Suspension of Soy Lecithin / 198

Intrinsic Permeability, Permeability—pH Profiles, Unstirred
Water Layers (UWL), and the pH Partition Hypothesis / 199

7.7.6.1 Unstirred Water Layer Effect (Transport across
Barriers in Series and in Parallel) / 199

7.7.6.2 Determination of UWL Permeability using pH
Dependence (pK™*) Method / 200

7.7.6.3 Determination of UWL Permeabilities using
Stirring Speed Dependence / 205

7.7.6.4 Determination of UWL Permeabilities from Transport
across Lipid-Free Microfilters / 207

7.7.6.5 Estimation of UWL Thickness from pH Measurements
Near the Membrane Surface / 207

7.7.6.6 Prediction of Aqueous Diffusivities Dyq / 207

7.7.6.7 Intrinsic Permeability—log K, Octanol-Water
Relationship / 208

7.7.6.8 Iso-pH Permeability Measurements using Soy
Lecithin—-Dodecane-Impregnated Filters / 209

7.7.6.9 Gradient pH Effects / 211

7.7.6.10 Collander Relationship between 2% DOPC and
20% Soy Intrinsic Permeabilities / 215

Evidence of Transport of Charged Species / 215

7.7.77.1 The Case for Charged-Species Transport from
Cellular and Liposomal Models / 218

7.7.7.2 PAMPA Evidence for the Transport
of Charged Drugs / 221

A log P,—Hydrogen Bonding and Ionic
Equilibrium Effects / 222

Effects of Cosolvent in Donor Wells / 226
Effects of Bile Salts in Donor Wells / 228
Effects of Cyclodextrin in Acceptor Wells / 228
Effects of Buffer / 229

Effects of Stirring / 231

Errors in PAMPA: Intraplate and Interplate
Reproducibility / 232

UV Spectral Data / 233

7.8 The Optimized PAMPA Model for the Gut / 236

Components of the Ideal GIT Model / 236



7.8.2

7.8.3

7.8.4

7.8.5

7.8.6

CONTENTS

How Well Do Caco-2 Permeability Measurements Predict
Human Jejunal Permeabilities? / 238

How Well Do PAMPA Measurements Predict the Human
Jejunal Permeabilities? / 239

Caco-2 Models for Prediction of Human Intestinal
Absorption (HIA) / 242

Novartis max-P, PAMPA Model for Prediction of Human
Intestinal Absorption (HIA) / 244

pION Sum-P, PAMPA Model for Prediction of Human
Intestinal Absorption (HIA) / 244

8 SUMMARY AND SOME SIMPLE RULES

REFERENCES

INDEX

xiii

247

250

285



PREFACE

This book is written for the practicing pharmaceutical scientist involved in
absorption—distribution—-metabolism—excretion (ADME) measurements who needs
to communicate with medicinal chemists persuasively, so that newly synthesized
molecules will be more “drug-like.” ADME is all about ‘““a day in the life of a drug
molecule’ (absorption, distribution, metabolism, and excretion). Specifically, this
book attempts to describe the state of the art in measurement of ionization constants
(pK,), oil-water partition coefficients (log P/log D), solubility, and permeability
(artificial phospholipid membrane barriers). Permeability is covered in considerable
detail, based on a newly developed methodology known as parallel artificial
membrane permeability assay (PAMPA).

These physical parameters form the major components of physicochemical
profiling (the “A” in ADME) in the pharmaceutical industry, from drug discovery
through drug development. But, there are opportunities to apply the methodologies
in other fields, particularly the agrochemical and environmental industries. Also,
new applications to augment animal-based models in the cosmetics industry may be
interesting to explore.

The author has observed that graduate programs in pharmaceutical sciences
often neglect to adequately train students in these classical solution chemistry
topics. Often young scientists in pharmaceutical companies are assigned the task of
measuring some of these parameters in their projects. Most find the learning curve
somewhat steep. Also, experienced scientists in midcareers encounter the topic of
physicochemical profiling for the first time, and find few resources to draw on,
outside the primary literature.

XV



XVi PREFACE

The idea for a book on the topic has morphed through various forms, beginning
with focus on the subject of metal binding to biological ligands, when the author
was a postdoc (postdoctoral fellow) in Professor Ken Raymond’s group at the
University of California, Berkeley. When the author was an assistant professor of
chemistry at Syracuse University, every time the special topics course on speciation
analysis was taught, more notes were added to the “book.” After 5 years, more than
300 pages of hand-scribbled notes and derivations accumulated, but no book
emerged. Some years later, a section of the original notes acquired a binding and
saw light in the form of Applications and Theory Guide to pH-Metric pK, and log P
Measurement [112] out of the early effort in the startup of Sirius Analytical
Instruments Ltd., in Forest Row, a charming four-pub village at the edge of
Ashdown Forest, south of London. At Sirius, the author was involved in teaching
a comprehensive 3-day training course to advanced users of pK, and log P
measurement equipment manufactured by Sirius. The trainees were from pharma-
ceutical and agrochemical companies, and shared many new ideas during the
courses. Since the early 1990s, Sirius has standardized the measurement of pK,
values in the pharmaceutical and agrochemical industries. Some 50 courses later,
the practice continues at another young company, pION, located along hightech
highway 128, north of Boston, Massachusetts. The list of topics has expanded since
1990 to cover solubility, dissolution, and permeability, as new instruments were
developed. In 2002, an opportunity to write a review article came up, and a bulky
piece appeared in Current Topics in Medicinal Chemistry, entitled ‘‘Physicochem-
ical profiling (solubility, permeability and charge State).” [25] In reviewing that
manuscript, Cynthia Berger (pION) said that with a little extra effort, *“this could be
a book.” Further encouragement came from Bob Esposito, of John Wiley & Sons.
My colleagues at pION were kind about my taking a sabbatical in England, to focus
on the writing. For 3 months, I was privileged to join Professor Joan Abbott’s
neuroscience laboratory at King’s College, London, where I conducted an informal
10-week graduate short course on the topics of this book, as the material was
freshly written. After hours, it was my pleasure to jog with my West London Hash
House Harrier friends. As the chapter on permeability was being written, my very
capable colleagues at pION were quickly measuring permeability of membrane
models freshly inspired by the book writing. It is due to their efforts that Chapter 7
is loaded with so much original data, out of which emerged the double-sink sum-P,
PAMPA GIT model for predicting human permeability. Per Nielsen (pION)
reviewed the manuscript as it slowly emerged, with a keen eye. Many late-evening
discussions with him led to freshly inspired insights, now embedded in various parts
of the book.

The book is organized into eight chapters. Chapter 1 describes the physico-
chemical needs of pharmaceutical research and development. Chapter 2 defines the
flux model, based on Fick’s laws of diffusion, in terms of solubility, permeability,
and charge state (pH), and lays the foundation for the rest of the book. Chapter 3
covers the topic of ionization constants—how to measure pK, values accurately and
quickly, and which methods to use. Bjerrum analysis is revealed as the “‘secret
weapon’’ behind the most effective approaches. Chapter 4 discusses experimental
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methods of measuring partition coefficients, log P and log D. It contains a
description of the Dyrssen dual-phase potentiometric method, which truly is the
“gold standard” method for measuring log P of ionizable molecules, having the
unique 10-orders-of-magnitude range (log P from —2 to +8). High-throughput
methods are also described. Chapter 5 considers the special topic of partition
coefficients where the lipid phase is made of liposomes formed from vesicles made
of bilayers of phospholipids. Chapter 6 dives into solubility measurements. A
unique approach, based on the dissolution template titration method [473], has
demonstrated capabilities to measure solubilities as low as 1 nanogram per milliliter
(ng/mL). Also, high-throughput microtiter plate UV methods for determining
“thermodynamic” solubility constants are described. At the ends of Chapters 3-6,
an effort has been made to collect tables of critically-selected values of the
constants of drug molecules, the best available values. Chapter 7 describes PAMPA
(parallel artificial membrane permeability assay), the high-throughput method
introduced by Manfred Kansy et al. of Hoffmann-La Roche [547]. Chapter 7 is
the first thorough account of the topic and takes up almost half of the book. Nearly
4000 original measurements are tabulated in the chapter. Chapter 8 concludes with
simple rules. Over 600 references and well over 100 drawings substantiate the
book.

A. AVDEEF
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ACRONYMS*

AC
ADME
ANS
AUC
BA/BE
BBB
BBM
BBLM
BCS
BLM
BSA
CE
CHO
CMC
CPC
CPZ
CTAB
cv
DA
DOPC
DPPC
DPPH

aminocoumarin

absorption, distribution, metabolism, excretion
anilinonaphthalenesulfonic acid

area under the curve
bioavailability—bioequivalence
blood-brain barrier

brush-border membrane
brush-border lipid membrane
biopharmaceutics classification system
black lipid membrane

bovine serum albumin

capillary electrophoresis
caroboxaldehyde

critical micelle concentration
centrifugal partition chromatography
chlorpromazine
cetyltrimethylammonium bromide
cyclic votammetry
dodecylcarboxylic acid
dioleylphosphatidylcholine
dipalmitoylphosphatidylcholine
diphenylpicrylhydrazyl
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DSHA
DTT
EFA
ET
FAT
FFA
GIT
GMO
HC
HIA
HIP
HMW
HTS
IAM
VIV
LUV
MAD
MDCK
MLV
M6G
NCE
oD
PAMPA
PC
PCA
PK
QSPR
SCFA
SDES
SDS
SGA
SLS
STS
SUV
TFA
TJ
TMADPH
UWL

dansylhexadecylamine

dissolution template titration

evolving factor analysis

extrusion technique (for preparing LUV)
freeze and thaw (step in LUV preparation)
free fatty acid

gastrointestinal tract

glycerol monooleate

hydrocoumarin

human intestinal absorption

human jejunal permeability

high molecular weight

high-throughput screening

immobilized artificial membrane

in vitro—in vivo

large unilamellar vesicle

maximum absorbable dose

Madin-Darby canine kidney

multilamellar vesicle
morphine-6-glucuronide

new chemical entity

optical density

parallel artifical membrane permeabillity assay
phosphatidylcholine

principal-component analysis
pharmacokinetic

quantitative structure—property relationship
short-chain fatty acid

sodium decyl sulfate

sodium dodecyl sulfate

spectral gradient analysis

sodium laurel sulfate

sodium tetradecyl sulfate

small unilamellar vesicle

target factor analysis

tight junction
trimethylaminodiphylhexatriene chloride
unstirred water layer (adjacent to membrane surface)
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NOMENCLATURE

C4,Cp aqueous solute concentrations on the acceptor and donor sides of
a membrane, respectively (mol/cm?)

Co aqueous concentration of the uncharged species (mol/cm?)

c, solute concentration inside a membrane, at position x (mol/cm?)

) difference between the liposome—water and octanol-water log P
for the uncharged species

diff difference between the partition coefficient of the uncharged and
the charged species

A shift the difference between the true pK, and the apparent pK,
observed in a solubility-pH profile, due to DMSO-drug
binding, or drug—drug aggregation binding

Dy diffusivity of a solute in aqueous solution (cm?*/s)

D, diffusivity of a solute inside a membrane (cm?/s)

eggPC egg phosphatidylcholine

h membrane thickness (cm)

hit a molecule with confirmed activity from a primary assay, a good
profile in secondary assays, and with a confirmed structure

J flux across a membrane (mol cm? sfl)

Kqp solubility product (e.g., [Na™][A"] or [BHT][CI])

lead a hit series for which the structure—activity relationship is shown
and activity demonstrated in vivo

Ky or D lipid—water distribution pH-dependent function (also called the
“apparent” partition coefficient)

K, or P lipid—water pH-independent partition coefficient

K. extraction constant

ny Bjerrum function: average number of bound protons on a
molecule at a particular pH

P, apparent artificial-membrane permeability (cm/s)—similar to P,,
but with some limiting assumption

P, effective artificial-membrane permeability (cm/s)

Py, artificial-membrane permeability (cm/s)—similar to P,, but
corrected for the UWL

Py intrinsic artificial-membrane permeability (cm/s), that of the
uncharged form of the drug

pH operational pH scale

p.H pH scale based on hydrogen ion concentration

pK, ionization constant (negative log form), based on the
concentration scale

P.Ka apparent ionization constant in an octanol-water titration

pK™ octanol pK, (the limiting p,K, in titrations with very high

meem
a

octanol-water volume ratios)
membrane pK,



XXiv NOMENCLATURE

gibbs
pK?

P Kilux

sink

double-sink
S
S;

So
TLAG

ionization constant corresponding to the pH at which both the
uncharged and the salt form of a substance coprecipitate

apparent ionization constant in a log P,—pH profile, shifted from
the thermodynamic value as a consequence of the unstirred
water layer; the pH where 50% of the resistance to transport is
due to the UWL and 50% is due to the lipid membrane

any process that can significantly lower the concentration of the
neutral form of the sample molecule in the acceptor
compartment; examples include physical sink (where the buffer
solution in the acceptor compartment is frequently refreshed),
ionization sink (where the concentration of the neutral form of
the drug is diminished as a result of ionization), and binding
sink (where the concentration of the neutral form of the
drug is diminished because of binding with serum protein,
cyclodextrin, or surfactants in the acceptor compartment)

two sink conditions present: ionization and binding

solubility in molar, pg/mL, or mg/mL units

solubility of the ionized species (salt), a conditional constant,
depending on the concentration of the counterion in solution

intrinsic solubility, that is, the solubility of the uncharged species

the time for steady state to be reached in a permeation cell, after
sample is introduced into the donor compartment; in the
PAMPA model described in the book, this is approximated as
the time that sample first appears detected in the acceptor well



