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Preface

New methods for evaluating the toxic effects of chemicals and drugs on biologi-
cal systems are being developed at an ever-increasing pace. Recent advances in
the biological, chemical, and physical sciences allow more detailed investigation
of the mechanisms by which chemical agents cause organismic or cellular dam-
age. There is a pressing need among researchers in the toxicology field for a se-
ries of authoritative texts that organize and present information on the latest ex-
perimental methodologies for reference.

Methods in Toxicology is a new series created to fill this need. These volumes
are patterned after the highly regarded Methods in Enzymology series and are
intended to provide comprehensive descriptions of state-of-the-art methods for
investigating drug and chemical toxicity. We are pleased to be invited to com-
pile the first volume in this series covering techniques for preparation and
maintenance of in vitro cell and tissue systems for toxicological studies. The-
matic material in this and future volumes will focus on mechanistic and risk as-
sessment approaches to the evaluation of toxicity using in vitro, in vivo, and
computational methods. We express our gratitude to Drs. M. W. Anders, Doyle
Graham, and Emil Pfitzer for having laid the foundation for this series and pro-
vided the initial impetus.

In vitro methods is an appropriate subject for this inaugural volume. These
methods have provided a valuable tool for toxicological research over the years.
Historically, they have made significant contributions to our understanding of
mechanisms of action of toxicants and pathways of xenobiotic metabolism. In
this context, they have proved an indispensable resource for investigative toxi-
cology. More recently, the value of 7n vitro systems as toxicity tests for chemi-
cal safety/hazard evaluation has been recognized and explored.

The objective of this volume is to provide both beginning and established re-
searchers with basic techniques employed by widely recognized scientists to
prepare and maintain the biological components of in vitro model systems. The
compilation is not intended to be exhaustive but to provide a set of pivotal
methods of value to research in the field of toxicology. Although #n vitro studies
in isolated organelles are important in toxicological research, these methods



xviii Preface

have not been included in this volume. The editors assume that the reader is fa-
miliar with basic techniques in cell/tissue culture. If this is not the case, we sug-
gest that the reader refer to one of the several useful books on this subject

(1-3).
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Introduction

John M. Frazier and Charles A.Tyson

Although the term iz vitro literally means in glass, in vitro toxicology generally
refers to the study of toxicological phenomena in nonwhole animal models. This
broader connotation for in vitro includes research studies utilizing isolated or-
gans, tissue slices, explant cultures, and isolated primary cells as well as cell
lines and subcellular fractions (e.g., microsomes, mitochondria, plasma mem-
brane vesicles, etc.). These model systems have made major contributions to
toxicological sciences, particularly in our understanding of mechanisms of tox-
icity, xenobiotic metabolism, and species differences in expressions of toxicity,
to mention a few. In the last 10 years, the value of in vitro systems in toxicity
testing has been widely recognized and explored. This recent focus on in vitro
models, as a result of (i) rapid advances in biotechnology, (ii) economic costs
(both in dollars and time) for adequate toxicological evaluation of new indus-
trial chemicals and commercial products, and (iii ) societal concerns for animal
welfare, has led to the rapid development of new iz vitro models for toxicologi-
cal research. Whether the in vitro approach is employed as a model for inves-
tigative research or as a toxicity test for risk assessment, a critical component is
the biological system. Successful preparation and maintenance of the appropri-
ate cell, tissue, or organ for a particular scientific objective are essential for a sat-
isfactory research outcome.

Before we describe the organization of this book further, it is important for
the reader to understand the role of in vitro models in toxicological research.
In general, the objective of any research activity is to develop new knowledge
about a particular topic. This is usually accomplished by the application of the
scientific methods of observation, hypothesis formulation, and hypothesis test-
ing. The selection of the experimental system to conduct the hypothesis testing
aspect of the study is determined mainly by the scientific question being
asked (1). In many cases, observational studies 7n vivo generate specific hy-
potheses that can be tested in iz vitro model systems. Once the decision has
been made that an in vitro model may be the best scientific approach, the prac-
tical question becomes which in vitro model will best serve to test the pro-
posed hypothesis.

The purpose of this book is to provide both new and established researchers

XiX



XX Introduction

with a collection of some of the more important i vitro systems used in toxico-
logical research today. It is not possible to catalogue in a single volume all exist-
ing in vitro models that are available for toxicological research. Therefore we
have restricted this book to methods that focus on slices, explant, primary cell,
and cell line cultures. In addition, because of the rapid evolution of new model
systems we have attempted to include models that have a broader acceptance
or potential for acceptance within the toxicological research community. The
models have been divided into categories on the basis of the major organ sys-
tems which they represent since this seems most appropriate for the traditional
organization of toxicological research. However, the classification of models by
associated organ should not imply any conceptual restriction in terms of the ap-
plications of various model systems in toxicological research. For example, toxi-
cological studies in Kupffer cells (a liver-associated cell type) may be applicable
to certain aspects of the immune system because of their macrophage origin.

The selection of an appropriate model to investigate a particular scientific
question or test a particular hypothesis is not a trivial exercise. Several impor-
tant concepts must be taken into consideration—characterization, standardiza-
tion, and validation of the experimental model. Characterization refers to the
measurement of a set of observable parameters (morphological, physiological,
or biochemical) that can be used to accurately define the biological model in
terms of purity and integrity and its functional state. The system can be stan-
dardized by setting specific criteria which these parameters must meet in order
to be acceptable for a particular research activity. Good research must utilize
well-characterized biological models that meet standardized criteria. In the con-
text of investigative research, validation of a method becomes a reality only
when it is demonstrated that the understanding provided by the model is appli-
cable to the in vivo situation under investigation. Thus, a particular in vitro
model may be extremely useful for one research problem (and thus be consid-
ered validated) and have little or no applicability to other research problems.
When in vitro models are used for toxicity testing, the model is usually vali-
dated for a restricted set of well-documented, reference chemicals and then ap-
plied to a broad range of test materials. The validation of the model is not
confirmed in each and every case but is assumed on the basis of the perfor-
mance of the model for the reference chemicals. This difference between valida-
tion for investigational research and validation for toxicity testing has caused
considerable confusion in the scientific community (2).

There are no hard and fast rules for selection of an iz vitro model for a partic-
ular investigation; however, the researcher must be aware of various informa-
tion—what models are available, how they are characterized and standardized,
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for what kind of scientific questions have they been validated—in order to make
a more rational decision. It is hoped that this book will aid the toxicological re-
searcher in this difficult task.
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