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Care has been taken to confirm the accuracy of the information present and to describe gener-
ally accepted practices. However, the authors, editors, and publisher are not responsible for errors
or omissions or for any consequences from application of the information in this book and make
no warranty, expressed or implied, with respect to the currency, completeness, or accuracy of the
contents of the publication. Application of this information in a particular situation remains the
professional responsibility of the practitioner; the clinical treatments described and recommended
may not be considered absolute and universal recommendations.

The authors, editors, and publisher have exerted every effort to ensure that drug selection and
dosage set forth in this text are in accordance with the current recommendations and practice at
the time of publication. However, in view of ongoing research, changes in government regulations,
and the constant flow of information relating to drug therapy and drug reactions, the reader is
urged to check the package insert for each drug for any change in indications and dosage and for
added warnings and precautions. This is particularly important when the recommended agent is a
new or infrequently employed drug.

Some drugs and medical devices presented in this publication have Food and Drug
Administration (FDA) clearance for limited use in restricted research settings. It is the responsibil-
ity of the health care provider to ascertain the FDA status of each drug or device planned for use
in their clinical practice.

To purchase additional copies of this book, call our customer service department at (800) 638-3030
or fax orders to (301) 223-2320. International customers should call (301) 223-2300.

Visit Lippincott Williams & Wilkins on the Internet: http://www.lww.com. Lippincott Williams & Wilkins
customer service representatives are available from 8:30 am to 6:00 pm, EST.
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uch has happened in the field of our textbook since the last edition was published
in 1995. First, in recognition that there was a readership that sought a less in-depth
textbook we wrote a companion, entitled Introduction to Pharmacokinetics and

Pharmacodynamics: The Quantitative Basis of Drug Therapy; it was published in 2006. While em-
phasizing pharmacokinetics, the widening to include pharmacodynamics as an integral
part of this introductory text reflected the increasing body of knowledge linking the two el-
ements that explain the relationship between drug administration and response. We have
continued this trend of integrating pharmacodynamics with pharmacokinetics in the cur-
rent text, which is reflected in the title. Second, in addition to an expanding knowledge of
pharmacodynamics, there has been an explosion in our understanding at the molecular
and mechanistic levels of all the processes controlling the pharmacokinetics of drugs. The
availability of the introductory text has therefore allowed us the opportunity to expand in
this current edition on these new insights for those readers wishing to gain a greater in-
depth understanding of the subject. This has required some enlargement over previous
editions, but every attempt has been made to limit the size of the book.

As in our previous three editions, we are committed to developing and applying the
concepts to explain and improve the therapeutic use of drugs. As such, we continue to
have students and practitioners in pharmacy, medicine, pharmacology, and allied profes-
sions in mind as our readers. Accordingly, although the principles have wide application,
emphasis continues to be at the clinical level. We recognize, however, that pharmacoki-
netics and pharmacodynamics are cornerstones in the industrial design, selection, and
development of new drugs, and so believe that this textbook is of equal value to scientists
engaged in all aspects of the pharmaceutical industry, as well as those working in regula-
tory agencies evaluating drug applications.

In addition to more detailed consideration of the basic principles compared to the in-
troductory text, the current textbook expands greatly on why individuals vary in their re-
sponse to drugs, which is central to personalizing drug therapy. Furthermore, there is an
increase in the number of thought-provoking problems at the end of each chapter, with
answers provided in the last appendix. While maintaining the overall structure and or-
ganization, there are also significant improvements over the third edition. In particular,
we have incorporated advances in our understanding of the role of enzymes and trans-
porters in pharmacokinetics, and of genetics in both pharmacokinetics and pharmacody-
namics. As briefly mentioned above, we have greatly expanded on pharmacodynamics,
which was a single chapter in the specialized topic section of the last edition, and have in-
tegrated it throughout the book. We have also incorporated Turnover Concepts and
Dialysis, which were also previously specialized topics, into the body of the book, recog-
nizing that these are fundamental to the subject. We have also added two new chapters.
One deals with protein drugs, reflecting the rapid increase in recent years in the number
of such medicines that have become a part of the armamentarium of modern therapeu-
tics. The second concerns the prediction of human pharmacokinetics from in vitro and
preclinical data, and subsequent simulation of likely kinetics in patients under a wide va-
riety of clinical conditions and situations, which can improve the chances of selecting
compounds that have desirable pharmacokinetic characteristics in planning clinical drug
trials and in ensuring their subsequent optimal use.

PREFACE

ix

M
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PREFACE

We have also updated all chapters and replaced many of the examples and case histo-
ries with more modern ones, while providing many new problems with answers. To help
approach these problems, we have provided at the end of each chapter a summary of key
relationships. In addition, Drs. Hartmut Derendorf and Guenther Hochhaus, University
of Florida, have prepared web-based simulations of many of the concepts presented
throughout the book. The simulations allow the reader to explore the influence of
changes in parameter values in both pharmacokinetics and pharmacodynamics on drug
concentration and response with time following drug administration. Finally, to conform
to the quality of all new figures, of which there are many, we have redrawn or improved
the figures retained from previous editions.
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(For those drugs available only by brand name at time of manuscript submission, the
brand name is provided.)

Abacavir Ziagen
Abatacept
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Ampicillin
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Aspirin
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Benzylpenicillin
Bethanechol
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Bevacizumab Avastin
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Bosentan Tracleer
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Entocort EC

Bufurolol
Bumetanide
Buprenorphine
Bupropion
Buspirone
Busulfan

Caffeine
Calcitonin-salmon Miacalcin
Capromab pendetide ProstaScint Kit
Captopril
Carbamazepine
Carbenicillin
Carmustine
Cefamandole
Cefazolin
Cefepime
Cefonicid
Ceforanide
Cefotaxime
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Dextroamphetamine
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Diazepam
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Digoxin
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Ethinyl estradiol
Etonogestrel NuvaRing

(combined
with ethinyl
estradiol)

Ezetimibe Zetia (also
combined
with
simvastatin
[Vytorin®])

Felbamate Famvir
Felodipine
Fenoldopam
Fentanyl
Fexofenadine Allegra
Fibrinolysin
Filgrastim Neupogen
Flecainide
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Flumazenil Romazicon
Fluorouracil
Fluoxetine
Flurazepam
Flurbiprofen
Fluvastatin
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Furosemide
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Gemcitabine Gemzar
Gemtuzumab Mylotarg
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Gentamicin
Gladase
Glibenclamide
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Glipizide
Glucagon
Gonadotropin-

releasing hormone
Goserelin Zoladex
Griseofulvin
Growth hormone

Halazepam
Haloperidol

Halothane
Heparin
Hepatitis B immune globulin
Heptabarbital
Hirudin
Hydralazine
Hydrocortisone
Hydroxyzine

Ibandronate
Ibuprofen
Imiglucerase Cerezyme
Imipenem Primaxin
Imipramine
Imirestat
Indinavir Crixivan
Indocyanine green
Indomethacin
Infliximab Remicade
Insulin
Insulin glargine Lantus
Interferon Infergen
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Interferon Alpha-2b Pegintron

(pegylated)
Interferon Beta-1a Rebif
Interleukin-11
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Irbesartan Avalide, Avapro
Irinotecan Camptosar
Isoflurane
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Lomefloxacin
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Loperamide
Lopinavir Kaletra 

(combined
with ritonavir)

Lorazepam
Losartan Hyzaar
Lovastatin
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anti-thymocyte
immune globulin

Maprotiline
Mefloquine Arima
Meloxicam
Memantine
Menotropins Menopur
Meperidine
Mercaptopurine
Mesalamine
Metformin
Methamphetamine
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Methyldopa
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Misonidazole
Misoprostol
Montelukast Singulair
Morphine
Moxalactam
Muromomab-CD3

Naloxone
Naproxen
Nelfinavir mesylate Viracept
Neomycin
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Nicardipine
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Nicoumalone
Nifedipine
Nitrazepam
Nitroglycerin

Norelgestromin Ortho Evra
(combined
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estradiol)

Norepinephrine
Norfloxacin
Normal immune

globulin
Nortriptyline

Octreotide
Olsalazine
Omalizumab Xolair
Omeprazole
Ondansetron
Orlistat Xenical
Otenzapad
Oxacillin
Oxaliplatin
Oxazepam
Oxycodone
Oxytocin

Paclitaxel
Palivizumab Synagis
Pamidronate Aredia
Pancuronium
Panitumumab Vectibix
Para-aminohippuric

acid
Pancrelipase
Pantoprazole
Papain
Paroxetine
Pegvisomant
Penciclovir Denavir
Penicillin G
Pentagastrin
Pentazocine Talwin®

(combined
with
naloxone)

Pentobarbital
Pentoxyphylline
Pertussis immune

globulin
Phenelzine
Phenobarbital
Phenprocoumon
Phenylbutazone
Phenytoin
Pimozide
Piperacillin
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Piroxicam
Pivampicillin
Polymyxin

B Sulfate
Pravastatin
Prazepam
Prednisolone
Prednisone
Primaquine
Primidone
Probenecid
Procainamide
Procarbazine
Progesterone
Proguanil
Promazine
Propafenone
Propantheline
Propofol
Propranolol
Propylthiouracil
Protriptyline
Pyridostigmine

Quinacrine
Quinidine sulfate

Rabies immune
globulin

Ranibizumab Lucentis
Ranitidine
Rasburicase Elitek
Remifentanil Ultiva
Rho(D) immune

globulin
Rifampin
Ritonavir Norvir
Rituximab Rituxan,

Mabthera
Rivastigmine Exelon
Rolipram
Rosiglitazone Avandia
Rosuvastatin Crestor

Salicylic acid
Saquinavir mesylate Invirase
Saruplase
Scopolamine
Sermorelin
Sertraline
Sevoflurane Ultane
Sildenafil citrate Viagra
Simvastatin

Sirolimus Rapamune
Somatropin
Sparteine
St. John’s Wort
Streptomycin
Succinylcholine
Sucralfate
Sufentanil
Sulfamethazine
Sulfasalazine
Sulfinpyrazone
Sulindac
Sumatriptan

Tacrolimus
Tamoxifen
Tamsulosin Flomax
Taxol
Teicoplanin
Telithromycin Ketek
Tenecteplase TNKase
Terazosin
Terbutaline
Terfenadine
Teriparatide Forteo
Testosterone
Tetanus immune

globulin
Theophylline
Thioguanine
Thiopental
Thyroxine
Ticlopidine Ticlid
Timolol maleate
Tipranavir
Tirofiban Aggrastat
Tissue-type

plasminogen
activator (t-PA)

Tobramycin
Tolbutamide
Tolmetin
Tolterodine tartrate Detrol
Tositumomab Bexxar
Trandolapril Mavik
Trastuzumab Herceptin
Triazolam
Trimipramine Surmontil
Troleandomycin
Tubocurarine

Urokinase
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xviii NONPROPRIETARY AND BRAND NAMES OF DRUGS IN TEXT AND ILLUSTRATIONS

Vaccinia immune
globulin

Valganciclovir Valcyte
Valproic acid
Valsartan Diovan
Vancomycin
Varicella-zoster Varivax

immune globulin
Vasopressin
Venlafaxine Effexor
Verapamil

hydrochloride

Vinblastine
Vincristine
Viomycin
Vitamin C
Voriconazole

Warfarin

Zafirlukast Accolate
Zidovudine
Zileuton Zyflo
Zoledronic acid Reclast, Zometa
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(Typical units are shown)

A Amount of drug in body, mg or �mol.

Aa Amount of drug at absorption site remaining to be absorbed, mg
or �mol.

Aav,ss Average amount of drug in body during a dosing interval at steady
state, mg or �mol.

Ae Cumulative amount of drug excreted in the urine, mg or �mol.

Ae� Cumulative amount of drug excreted in the urine after a single
dose to time infinity, mg or �mol.

Ainf Amount of drug in body during a constant-rate infusion, mg or �mol.

A(m) Amount of metabolite in the body, mg or �mol.

Amin The minimum amount of drug in body required to obtain a
predetermined level of response, mg or �mol.

Amax,N; Amin,N Maximum and minimum amounts of drug in body after the Nth
dose of fixed size and given at a fixed dosing interval, mg or �mol.

AN,t Amount of drug in body at time t after the Nth dose, mg or �mol.

Ass Amount of drug in body at steady state during constant-rate
administration, mg or �mol.

Amax,ss; Amin,ss Maximum and minimum amounts of drug in body during a dosing
interval at steady state on administering a fixed dose at a fixed
dosing interval, mg or �mol.

AUC Area under the plasma drug concentration-time curve. Total area
from time 0 to infinity is implied unless the local context indicates
a specific time interval (e.g., a dosing interval), mg-hr/L or �M-hr.

AUCb Area under the blood concentration-time curve, mg-hr/L or �M-hr.

AUC(m) Area under the plasma metabolite concentration-time curve, 
mg-hr/L or �M-hr.

AUCss Area under the plasma concentration-time curve within a dosing
interval at steady state, mg-hr/L or �M-hr.

AUMC Total area under the first moment-time curve, mg-hr2/L or �M-hr2.

BMI Body mass index, kg/m2.

BSA Body surface area, m2.

C Concentration of drug in plasma (or reservoir), mg/L or �M.

C50 Concentration giving one-half the maximum effect, mg/L or �M.

C(0) Initial plasma concentration obtained by extrapolation to time
zero, after an intravenous bolus dose, mg/L or �M.

CA Drug concentration in arterial blood, mg/L or �M.

DEFINITIONS OF SYMBOLS

xix
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xx DEFINITIONS OF SYMBOLS

Cav,ss Average drug concentration in plasma during a dosing interval at
steady state on administering a fixed dose at equal dosing intervals,
mg/L or �M.

Cinf Concentration of drug in plasma during a constant-rate infusion,
mg/L or mM.

Cb Concentration of drug in blood, mg/L or �M.

CL Total clearance of drug from plasma, L/hr or mL/min.

CLb Total clearance of drug from blood, L/hr or mL/min.

CLb,H Hepatic clearance of drug from blood, L/hr or mL/min.

CLcr Renal clearance of creatinine, mL/min or L/hr.

CLD Clearance by dialysis procedure, L/hr or mL/min.

CLH Hepatic clearance of drug from plasma, L/hr or mL/min.

CLint Intrinsic clearance of drug in organ of elimination (well-stirred
model), L/hr or mL/min.

CLR Renal clearance of drug from plasma, L/hr or mL/min.

CLu Clearance of unbound drug, L/hr or mL/min.

Clower, Cupper Lower and upper bounds of the therapeutic window of plasma
concentrations, mg/L or �M.

Cmax Highest drug concentration observed in plasma after
administration of an extravascular dose, mg/L or �M.

Cmax,ss, Cmin,ss Maximum and minimum concentrations of drug in plasma at
steady state on administering a fixed dose at equal dosing intervals,
mg/L or �M.

C(m) Concentration of a metabolite in plasma, mg/L or �M.

C(m)ss Concentration of a metabolite in plasma at steady state during a
constant-rate infusion of a drug, mg/L or �M.

Cmin Concentration of drug in plasma required to give the minimum
effect, mg/L or �M.

Cout Concentration leaving the extractor in the reservoir model, mg/L
or �M.

Css Concentration of drug in plasma at steady state during constant-
rate administration, mg/L or �M.

CT Average concentration of drug in tissues outside plasma, mg/L or �M.

Cu Unbound drug concentration in plasma, mg/L or �M.

CuH Unbound drug concentration within hepatocytes, mg/L or �M.

CV Concentration of drug in venous blood, mg/L or �M.

DL Loading (or priming) dose, mg.

DM Maintenance dose given every dosing interval, mg

DM,max Largest maintenance dose that will keep systemic exposure within
the therapeutic window, mg.

E Extraction ratio, no units.

In pharmacodynamics, E means “effect,” which may be either clini-
cally desirable or adverse. Units are those of response measured.

EH Hepatic extraction ratio, no units.

Emax Maximum effect, units of response measurement.

ER Renal extraction ratio, no units.
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DEFINITIONS OF SYMBOLS xxi

F Bioavailability of drug, no units.

fD Fraction of total elimination occuring by dialysis, no units.

fe Fraction of drug systemically available that is excreted unchanged
in urine, no units.

Fev Bioavailability of drug after extravascular administration, no units.

FEV1 Forced expiratory volume in one second, L.

FF Fraction of an oral dose that enters the gut wall, no units.

FG Fraction of drug entering the gut that passes on to the portal
circulation, no units.

FH Fraction of drug entering the liver that escapes elimination on
single passage through the organ, no units.

fm Fraction of drug systemically available that is converted to a
metabolite, no units.

Fm Fraction of administered dose of drug that enters the general
circulation as a metabolite, no units.

FR Fraction of filtered and secreted drug reabsorbed in the renal
tubule, no units.

fu Ratio of unbound and total drug concentrations in plasma, no units.

fub Ratio of unbound and whole blood concentrations available for
binding, no units.

fuP Ratio of unbound and total sites on a plasma protein, no units.

fuR Apparent fraction unbound in intracellular fluids, no units.

fuT Ratio of unbound and total drug concentrations in tissues (outside
plasma), no units.

� Steepness of concentration–response relationship, no units.

GFR Glomerular filtration rate, mL/min or L/hr.

k Elimination rate constant, hr�1.

ka Absorption rate constant, hr�1.

Ka Association equilibrium constant, L/mol.

Kd Dissociation constant for saturable binding, mg/L.

KI Inhibition equilibrium constant, mg/L or �M.

Km Michaelis-Menten constant, mg/L or �M.

Kp Equilibrium distribution ratio of drug between tissue and plasma,
no units.

Kp,b Equilibrium distribution ratio of drug between tissue and blood, no
units.

KT Constant for saturable transport model, mg/L.

kt Fractional turnover rate, hr�1.

kT Fractional rate at which drug leaves a tissue, hr�1.

�1, �2 Exponential coefficients, hr�1

m Slope of the relationship between response and the log of the
plasma concentration (between 20 and 80% of maximum
response), units of the response.

MRT Mean residence time of a drug molecule within the body, hr.

n A unitless number.

N Number of doses, no units.
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xxii DEFINITIONS OF SYMBOLS

P Permeability coefficient, cm/sec.

PT Total concentration of binding protein in plasma, mM.

Q Blood flow, L/min or L/hr.

QH Hepatic blood flow (portal vein plus hepatic artery), L/min or L/hr.

QR Renal blood flow, L/min or L/hr.

Rac Accumulation ratio (index), no units.

Rd Ratio of unbound clearance of an individual patient with renal
function impairment to that of a typical patient, no units.

RF Renal function in an individual patient as a fraction of renal
function in a typical patient, no units.

Rinf Rate of constant intravenous infusion, mg/hr.

Rsyn Rate of synthesis or input of a substance into the body, mg/hr or
�g/hr

Rt Turnover rate, mg/hr.

SA Surface area, m2.

� Dosing interval, hr.

tmax Maximum dosing interval to remain within the limits of Clower and
Cupper, hr.

t Time, hr.

tD Duration of response, hr

tinf Duration of a constant-rate infusion, hr.

Tm Maximum rate of drug transport, mg/hr.

tmax Time at which the highest drug concentration occurs after
administration of an extravascular dose, min or hr.

tt Turnover time, hr.

t1/2 Elimination half-life, hr.

t1/2,a Half-life of systemic absorption, hr.

V Volume of distribution (apparent) based on drug concentration in
plasma, L.

V1 Initial dilution space or volume of central compartment in a two-
compartment model, L.

Vb Volume of distribution (apparent) based on drug concentration in
whole blood, L.

VB Blood volume, L.

Vm Maximum rate of metabolism by a given enzymatic reaction, mg/hr
or �mol/hr.

V(m) Volume of distribution (apparent) of a metabolite based on its
plasma concentration, L.

VP Plasma volume, L.

VR Aqueous volume of intracellular fluids, L.

Vss Volume of distribution (apparent) under steady state conditions
based on drug concentration in plasma, L.

VT Physiologic volume outside plasma into which drug appears to dis-
tribute, L.

Vu Unbound volume of distribution, L.

W Body weight, kg.

18048_FM.qxd  11/11/09  4:31 PM  Page xxii




