


Lu’s Basic Toxicology
Fundamentals, Target Organs, 

and Risk Assessment
Seventh Edition



http://taylorandfrancis.com

http://taylorandfrancis.com


Lu’s Basic Toxicology
Fundamentals, Target Organs, 

and Risk Assessment
Seventh Edition

Edited by

Byung-Mu Lee
Sam Kacew

Hyung Sik Kim



CRC Press
Taylor & Francis Group
6000 Broken Sound Parkway NW, Suite 300
Boca Raton, FL 33487-2742

© 2018 by Taylor & Francis Group, LLC

CRC Press is an imprint of Taylor & Francis Group, an Informa business

No claim to original U.S. Government works

Printed on acid-free paper

International Standard Book Number-13: 978-1-138-03235-4 (Paperback); 978-1-138-08927-3 (Hardback)

This book contains information obtained from authentic and highly regarded sources. Reasonable 
efforts have been made to publish reliable data and information, but the author and publisher cannot 
assume responsibility for the validity of all materials or the consequences of their use. The authors and 
publishers have attempted to trace the copyright holders of all material reproduced in this publication 
and apologize to copyright holders if permission to publish in this form has not been obtained. If any 
copyright material has not been acknowledged please write and let us know so we may rectify in any 
future reprint.

Except as permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced, 
transmitted, or utilized in any form by any electronic, mechanical, or other means, now known or 
hereafter invented, including photocopying, microfilming, and recording, or in any information stor-
age or retrieval system, without written permission from the publishers.

For permission to photocopy or use material electronically from this work, please access www.copyright 
.com (http://www.copyright.com/) or contact the Copyright Clearance Center, Inc. (CCC), 222 
Rosewood Drive, Danvers, MA 01923, 978-750-8400. CCC is a not-for-profit organization that pro-
vides licenses and registration for a variety of users. For organizations that have been granted a photo-
copy license by the CCC, a separate system of payment has been arranged.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are 
used only for identification and explanation without intent to infringe.

Library of Congress Cataloging‑in‑Publication Data

Names: Byung-Mu Lee, author. | Kacew, Sam, author. | Kim, Hyung Sik, 1966- 
author. | Lu, Frank C. Basic toxicology.
Title: Lu’s basic toxicology : fundamentals, target organs, and risk assessment /
Byung-Mu Lee, Sam Kacew, Hyung Sik Kim.
Other titles: Basic toxicology
Description: Seventh edition. | Boca Raton : CRC Press, [2018] | Includes 
bibliographical references and index.
Identifiers: LCCN 2017010684| ISBN 9781138089273 (hardback : alk. paper) | 
ISBN 9781138032354 (paperback) | ISBN 9781315391700 (ebook) | 
ISBN 9781315391694 (ebook) | ISBN 9781315391687 (ebook) | 
ISBN 9781315391670 (ebook)
Subjects: LCSH: Toxicology.
Classification: LCC RA1211 .L8 2017 | DDC 615.9--dc23
LC record available at https://lccn.loc.gov/2017010684

Visit the Taylor & Francis Web site at
http://www.taylorandfrancis.com

and the CRC Press Web site at
http://www.crcpress.com

http://www.copyright.com
http://www.copyright.com
http://www.copyright.com
https://lccn.loc.gov
http://www.taylorandfrancis.com
http://www.crcpress.com


v

Contents
Preface .................................................................................................................ix
Editors .................................................................................................................xi
Contributors ......................................................................................................xv

Section I: General principles of toxicology

Chapter 1 History of toxicology .................................................................. 3
Byung-Mu Lee

Chapter 2 Toxicokinetics of xenobiotics .................................................. 23
Kyu-Bong Kim

Chapter 3 Biotransformation of toxicants ............................................... 45
Tae Cheon Jeong

Chapter 4 Mechanisms of toxic effects .................................................... 65
Hyung Sik Kim and Pinpin Lin

Chapter 5 Modifying factors of toxic effects .......................................... 91
Hyung Sik Kim

Chapter 6 Conventional toxicity studies ............................................... 111
Hyung Sik Kim

Chapter 7 Systems toxicology .................................................................. 131
Kyu-Bong Kim, Semin Lee, and Jung-Hwa Oh



vi Contents

Section II: Testing procedures for nontarget organ toxicities

Chapter 8 Carcinogenesis ......................................................................... 161
Kyung-Soo Chun, Hyung Sik Kim, and Byung-Mu Lee

Chapter 9 Mutagenesis .............................................................................. 193
Kyung-Soo Chun and Hyung Sik Kim

Chapter 10 Developmental toxicology ..................................................... 215
Helen E. Ritchie and William S. Webster

Chapter 11 Toxicology of lactation ...........................................................233
Ok-Nam Bae

Section III: Target organs and systems

Chapter 12 Toxicology of the liver ............................................................253
Young-Suk Jung and Byung-Mu Lee

Chapter 13 Toxicology of the kidney ....................................................... 271
Young-Suk Jung and Hyung Sik Kim

Chapter 14 Toxicology of the immune system ....................................... 295
Tae Cheon Jeong

Chapter 15 Respiratory system toxicology ..............................................309
Kyuhong Lee

Chapter 16 Toxicology of the skin ............................................................ 325
Ok-Nam Bae

Chapter 17 Toxicology of the eye .............................................................. 339
Sam Kacew

Chapter 18 Toxicology of the nervous system ........................................ 353
Ok-Nam Bae

Chapter 19 Toxicology of the cardiovascular systems .......................... 373
Ok-Nam Bae

Chapter 20 Toxicology of the reproductive systems ............................. 387
Hyung Sik Kim



viiContents

Chapter 21 Toxicology of endocrine-disrupting chemicals ................405
Hyung Sik Kim

Section IV: Toxic substances and risk assessment

Chapter 22 Food additives, contaminants, and safety .......................... 435
Sam Kacew and Byung-Mu Lee

Chapter 23 Toxicity of pesticides .............................................................. 453
Ramesh C. Gupta

Chapter 24 Nanotoxicology ........................................................................ 487
Sang-Hyun Kim and Byung-Mu Lee

Chapter 25 Toxicity of metals ....................................................................503
Gi-Wook Hwang

Chapter 26 Environmental pollutants ..................................................... 529
Sam Kacew and Byung-Mu Lee

Chapter 27 Occupational toxicology ........................................................543
Sam Kacew and Byung-Mu Lee

Chapter 28 Exogenous agents and childhood exposure ....................... 559
Sam Kacew

Chapter 29 Clinical toxicology .................................................................. 579
Byung-Mu Lee

Chapter 30 Risk assessment and regulatory toxicology ....................... 597
Seok Kwon and Byung-Mu Lee

Chemical index ............................................................................................... 623

Subject index ................................................................................................... 635



http://taylorandfrancis.com

http://taylorandfrancis.com


ix

Preface
Toxicology is an important life science. It is valuable in the protection of 
public health hazards associated with toxic substances in food, air, and 
water. It also provides a sound basis for formulating measures to protect 
the health of workers against toxicants in factories, farms, mines, and other 
occupational environments. Toxicology has played and will continue to 
play a significant role in the health and welfare of the world. Cognizant of 
the importance of toxicology, the World Health Organization (WHO) orga-
nized a toxicology training course in China in 1982, as part of the ongoing 
China–WHO collaborative program on medical sciences. The  founding 
author (FCL) was invited to lectures on basic toxicology. The first edition 
of this book originated from those lecture notes.

Over the years, a number of important developments have occurred 
in toxicology. Furthermore, some readers of the book have suggested that 
discussions on a few groups of important chemicals and toxicants would 
not only provide some general knowledge of these substances, but also 
facilitate a deeper appreciation of the various aspects of toxicology. The 
book has received worldwide acceptance, as evidenced by its repeated edi-
tions and reprintings, and by the appearance of six foreign language ver-
sions (Chinese, French, Indonesian, Italian, Spanish, and Taiwan Chinese).

This new edition, prepared by invited scientists, has been further 
updated and expanded to include new chapters on clinical toxicology, 
chemicals and children, reproductive toxicology, and systems toxicology.  
There are chapters on lactation and occupational toxicology, as well as a 
chapter section describing the symptomatology of Gulf War syndrome 
and the probable toxicants implicated. The other chapters have been 
updated and expanded, notably those on the history of toxicology, car-
cinogenesis, mutagenesis, toxicology of organ systems—skin, liver, 
kidney, immune, and nanoparticle, endocrine, and safety/risk assess-
ment. However, details of some toxicity tests have been abbreviated to 
keep the size of the book within bounds; the retained material is intended 
to portray more clearly the effects of toxicants.



x Preface

It is hoped that these additions and updates will enhance the use-
fulness of the book. In making these changes, the authors have kept in 
mind the broad aim of the first edition, namely, a relatively comprehen-
sive coverage of the subjects and brevity, thereby continuing to serve as an 
updated introductory text for toxicology students and for those involved in 
allied sciences who require a background in toxicology. Further, since toxi-
cology is a vast and rapidly expanding subject, the book is likely to be useful 
to those who have become specialized in one or a few areas in toxicology, 
but wish to become more familiar in other areas. The extensive chemical 
index and subject index will facilitate the retrieval of specific topics.

Byung-Mu Lee
Sam Kacew

Hyung Sik Kim
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3

chapter one

History of toxicology
Byung-Mu Lee

What is toxicology?
Toxicology (toxicos; poisonous + logy; science) also called toxicological sci-
ence is the fusion of sciences based on biology, chemistry, physics, anat-
omy, physiology, pathology, psychology, zoology, pharmacology, genetics, 
biochemistry, statistics, and mathematics. Toxicology is traditionally defined 
as the science of poisons which are also termed as toxicants, toxic sub-
stances, toxins, xenobiotics, or stressors. A more descriptive definition of 
toxicology is the study of the nature and mechanisms underlying toxic 
effects exerted directly or indirectly by substances such as biological, 
chemical, physical, genetic, or psychological agents on living organisms 
and other biological systems. Toxicology also deals with quantitative or 
qualitative assessment of the adverse effects in relation to the concentra-
tion or dosage, duration, and frequency of exposure of the organisms.

The assessment of health hazards of industrial chemicals, environ-
mental pollutants, and other substances represents an important element 
in the protection of the health of workers and members of communities. 

Contents

What is toxicology? ............................................................................................ 3
Mutiple fields of toxicology and applications ............................................... 4
History of toxicology in early stage ................................................................. 6
History of toxicology in modern stage ........................................................... 9
Human poisonings and progress in toxicology ........................................... 11
Toxicity versus other considerations ............................................................. 12
Toxicology in the future .................................................................................. 13
Development and validation of a toxicity test system ............................... 14

Adverse outcome pathways ...................................................................... 15
About the book ................................................................................................. 16
Appendix 1.1 U.S. laws that have a basis in toxicology ............................. 17
Appendix 1.2 Examples of outbreaks of mass poisoning in humans ....... 18
References ......................................................................................................... 19
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In-depth studies of the nature and mechanism of the effects of toxicants 
are invaluable in the development of specific antidotes and other amelio-
rative measures. Along with other sciences, toxicology contributes to the 
development of safer chemicals used as drugs, food additives, and pesti-
cides, as well as many useful industrial chemicals used for the fabrication 
of computers, cellular phones, televisions, and electronic equipment. Even 
the adverse effects per se are exploited in the pursuit of more effective 
insecticides, anthelmintics, antimicrobials, antivirals, and warfare agents. 
The purpose of toxicology is to protect humans or ecosystems from expo-
sure to hazardous substances. Therefore, to ensure human safety, risk 
assessment which evaluates human safety based upon toxicological data 
and human exposure levels, in order to set human safe limits, may be con-
sidered one of the most important goals of toxicology (Song et al., 2013).

Mutiple fields of toxicology and applications
Toxicology is a fusion science composed of multiple fields and has a broad 
scope. It deals with toxicity studies of substances used

 1. In medicine for diagnostic, preventive, and therapeutic purposes.
 2. In the food industry as direct and indirect additives.
 3. In agriculture as pesticides, growth regulators, artificial pollinators, 

and animal feed additives.
 4. In the chemical industry as solvents, components, and intermediates 

of plastics, components of electronic devices and many other types 
of chemicals. It is also concerned with the health effects of metals 
(as in mines and smelters), radiation, petroleum products, paper and 
pulp, flame retardants, toxic plants, and animal toxins. Overall, toxi-
cology covers general safety issues in our lives and ecosystem.

Depending on the specific areas of toxicological application, toxi-
cology can be subdivided into analytical toxicology, clinical toxicology, 
forensic toxicology, occupational toxicology, environmental toxicology, 
regulatory toxicology, and so forth. For example, a person may be 
exposed, accidentally or otherwise, to excessively large amounts of a 
toxicant and become severely intoxicated. If the identity of the toxicant 
is not known, analytical toxicology will be called upon to identify the 
toxicant through analysis of body fluids, stomach contents, suspected 
containers, and so forth. Those engaged in clinical toxicology administer 
antidotes, if available, to counter some specific toxicity, and take other 
measures to ameliorate the symptoms and signs and hasten the elimina-
tion of the toxicant from the body. There may also be legal implications, 
which is the task of forensic toxicology.
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Intoxication may occur as a result of occupational exposure to toxi-
cants. This may result in acute or chronic adverse effects. In either case, 
the problem is in the domain of occupational toxicology. The general public 
is exposed to a variety of toxicants, via air, water, and soil, or contact with 
skin as well as from food containing additives, pesticides, and contami-
nants, often at low levels that may be harmless acutely but may have long-
term adverse effects. In pregnancy, the fetus is exposed via the maternal 
circulation while a lactating infant is exposed via breast milk. The sources 
of these substances, their transport, degradation, and bioconcentration in 
the environment, and their effects on humans are dealt with in environ-
mental toxicology. Regulatory toxicology attempts to protect the public by 
setting laws, regulations, and standards to limit or suspend the use of 
toxic chemicals as well as defines use conditions for others. Some of the 
relevant laws in the United States are listed in Appendix 1.1.

To set meaningful regulations and standards, extensive profiles of 
the toxic effects are essential. Such profiles can only be established with 
a great variety of relevant and comprehensive toxicological data derived 
from in vitro, in vivo, and human studies, which form the foundation of 
regulatory toxicology.

The basic part of such studies is referred to as conventional toxicology. 
In addition, knowledge of the mechanism of action, provided by mechanis-
tic toxicology, enhances the toxicological evaluation and provides a basis 
for other branches of toxicology. The knowledge gained is then utilized to 
assess the risk of adverse effects to the environment and humans and is 
termed a risk assessment. A health risk assessment constitutes a written 
document based upon all pertinent scientific information regarding toxi-
cology, human experiences, environmental fate, and exposure scenario. 
These data are subject to critique and interpretation. The aim of a risk 
assessment is to estimate the potential of an adverse effect in humans and 
wildlife ecological systems caused by exposure to a specific amount of 
toxic substances. Risk assessments include several elements such as

 1. Description of the potential adverse health effects based on an eval-
uation of results of epidemiological, clinical, preclinical, and envi-
ronmental research.

 2. Extrapolation from these results to predict the type and estimate the 
extent of adverse health effects in humans under given conditions of 
exposure.

 3. Assessments as to the number and characteristics of individuals 
exposed at various intensities and durations.

 4. Summary judgments on the existence and overall magnitude of 
the public health problem given the information of (1), (2), and (3) 
(Paustenbach, 2002). Risk characterization represents the final and 
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the most critical step in the risk assessment process whereby data 
on the dose–response relationship of a chemical are integrated with 
estimates of the degree of exposure in a population to estimate 
the likelihood and severity of human health risk (Williams and 
Paustenbach, 2002; Song et al., 2013).

History of toxicology in early stage
In ancient times, human poisonings occurred after exposure to a numer-
ous unknown or known poisons from different sources such as animals, 
plants, soil, air, and water. Some plants and heavy metals used for poisons 
in the world are listed in Table 1.1.

Ebers Papyrus is probably the oldest document that provides human 
toxicological information on poisons in bc 1500. It attests to awareness of 
the toxic effects of a number of substances—such as snake venom, poi-
sonous plants like hemlock and aconite, and the toxic heavy metals arse-
nic, lead, and antimony. Some of these were actually used (intentionally 
for their adverse effects) for hunting, warfare, suicide, or homicide. For 
centuries, homicides with toxic substances were common in Europe, thus 
stimulating continual efforts toward the discovery and development of 
preventive and antidotal measures. The following are some famous exam-
ples of ancient poisonings in humans.

Socrates (bc 470–399), a Greek philosopher, died of hemlock poisoning 
(according to Plato). Hemlock (Conium maculatum) contains coniine, one 
of the active toxic ingredients and other toxic alkaloids (cicutoxin, oenan-
thotoxin, virol A, virol C, C17–polyacetylenes) that cause nausea, vomit-
ing, diarrhea, tachycardia, cardiac dysrhythmias, mydriasis, renal failure, 
coma, respiratory impairment, and death (Schep et al., 2009). Cleopatra 
(bc 69–30), was made Cleopatra VII and became Queen of Egypt when her 
father Ptolemy XII died. Although her death is still a mystery, three pos-
sible scenarios for her death were suggested (Wexler, 2014): (a) committed 
suicide on August 12, bc 30, by means of an Egyptian serpent, referred to 
as her asp (Espinoza, 2001); (b) committed suicide by poison (possibly hid-
den somewhere in her mausoleum); (c) poisoned by Octavian and/or his men 
(Orland et al., 1990). Nero (ad 37–68) became Roman Emperor after the death 
of his adopted father, the Emperor Claudius in ad 54 (possibly by being poi-
soned with a mushroom). Nero was known as one of the most infamous men 
who used poisons to murder his rivals as well as his brother-in-law. 

Mithridates VI (131–63 bc), the King Mithridates VI of Pontus, was 
known to expose himself and his prisoners to test poisons and antidotes. 
He would take small amounts of poison, not exceeding the toxic dosage, 
and gradually increase the doses until successfully acquiring immunity 
or tolerance. For this reason, the term “mithridatic” was coined meaning 
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