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Foreword

When Corwin Hansch and Al Leo encouraged me in applying quantitative structure-activity
relationships (QSARSs) to the screening of environmental hazards, the U.S. Toxic Substances Control
Act was still only a concept, and most QSAR calculations were still being made with a pencil.
Their encouragement included two principles for QSAR along with a word of caution. The principles
were that QSAR ought to be based on well-defined endpoints of intrinsic chemical activities as
well as on molecular descriptors that could be interpreted mechanistically. The word of caution
was that bureaucracies founded on laboratory testing, whether private or a regulatory agency, will
only begrudgingly accept QSAR as a strategic tool in designing chemicals and managing chemical
risks. Looking back over the last three decades, the Hansch/Leo principles for QSAR development
have been largely ignored, if not disputed, by the growing QSAR community, with the possible
exception in Europe where QSAR acceptance criteria will require transparency and a mechanistic
foundation. Only the skepticism toward QSAR itself by our testing-oriented society seems to have
been steadfast over three decades. The increasing costs of testing have produced renewed interest
in more strategic in silico methods at a time when QSAR has been freed from many early
computational barriers. Now more than ever, the scientific community needs an expert summary
of QSAR methods like this book.

The guiding principles for QSAR development were intended to aid in the discovery of useful
and robust models. The literature is replete with more than 10,000 QSAR correlations and models,
yet few of them are useful enough to sway the skeptics. Still, progress in QSAR research can be
measured by its own critics and the changing nature of their skepticism. The “yes-but” skeptics are
particularly instructive to me. In 1974, our research plans faced the criticism, “yes, QSAR may be
able to predict some chemical properties, but it will never be able to predict bioaccumulation of
chemical residues.” In 1981, we faced, “okay, QSAR may be able to predict bioconcentration
potential, but it will never be able to predict toxicity.” When the acute toxicity models appeared,
we were confronted by “yes, QSAR may be able to predict some ecotoxicity endpoints, but it will
never predict chronic toxicity in mammals.” Today, as the first mechanistic QSAR models are
emerging for chronic reproductive effects and mutagenicity, this historical perspective on the QSAR
skeptics serves as benchmarks for progress, if not encouragement.

Chemical reactivity in biological systems is far more complex than 20th century computational
capabilities could have allowed one to address in quantitative terms. The rapid progress in computing
power over the last decade enabled a steady stream of new computational methods in QSAR to
emerge. Unfortunately, these new capabilities were not matched with the generation of high-quality
biological databases needed to reveal systematic variation within heterogeneous chemical invento-
ries. While many combinatorial problems in QSAR are likely to challenge computer sciences for
years, present computer capabilities are sufficient to make future QSAR progress limited mostly
by the databases for relevant, well-defined endpoints.

Our QSAR program at the Duluth, MN, U.S.A., laboratory focused on well-defined ecotoxi-
cological endpoints that could be used directly in regulatory decisions. Our proof-of-concept paper
in 1979 for estimating the bioconcentration potential required only a minimal database. Since then,
many researchers have contributed to the evolution of bioaccumulation models and to extend them
from simple screening-level methods for new chemicals to more exact estimates of tissue residues
for risk assessments. In contrast to the bioconcentration database, the creation of the Duluth
ecotoxicity database involved a multimillion dollar investment and dozens of scientists over most
of a decade. Finding chemicals with common toxicity pathways to build mechanistic structure-
toxicity relationships required better diagnostic bioassays, including behavioral symptomology (fish
acute toxicity syndromes) and joint-toxicity studies. Our first paper on acute toxicity in 1983 was
delayed almost 3 years due to rejections from toxicological journals based on our use of the term
“narcosis” in describing reversible, baseline lethality — a criticism that lingers today in the health



research community. The dozens of more recent supporting papers on baseline toxicity and the
even larger toxicity database created by Terry Schultz at the University of Tennessee (Knoxville)
should be sufficient to overcome the skeptics of acute toxicity predictions so that the full attention
of effects research can focus on important chronic toxicity endpoints.

The European Chemical Industry Council-led analysis of the state of QSAR in Setubal, Portugal
(March 2002), concluded that QSARs for biodegradability were still the largest research gap in
exposure research. Developing QSARs for important chemical properties progressed rapidly in the
1980s, but developing structure-biodegradability models has been paralyzed by a lack of systematic
databases. Fortunately, in 1985 Hiroshi Tadakoro at the Hita laboratory in Japan recognized the
need for a biodegradation database, and his team devoted more than a decade to systematically
testing chemicals using activated sludge. Almost immediately after the Hita database was made
available, the first QSAR screening models for biodegradability began to appear at scientific
meetings. Again, these advances illustrate the importance of generating systematic data on crucial
endpoints in the overall progress of predictive methods. Finding such endpoints and understanding
how they can be reliably used in risk management is the central research challenge for QSAR.
Once identified, QSAR progress seems to depend only on government funding to generate the
systematic data needed to build acceptable QSARs for the respective endpoints.

The estimation of lethality and biodegradability directly from chemical structure has been one
of the important first steps in applying QSAR to risk management. Shifting our focus to chronic
effects and persistence of chemicals will require us to cross some exciting new frontiers, not the
least of which will be the merger of metabolism and effects models as QSAR is incorporated into
systems biology. To meet these challenges, scores of chronic toxicity pathways will have to be
described, and “-omics” technology promises to open new doors in clustering chemicals by common
toxicity pathways for QSAR modeling. With metabolic activation a critical step in many pathways,
metabonomics offers unprecedented capability for identifying the key molecular initiating events
for chronic effects, many being the new well-defined endpoints QSAR needs for chronic hazard
identification. It is hoped that this book will play an important role in advancing QSAR in the face
of healthy skepticism, and will bring greater attention to the need for high-quality data in strategic
testing.

Dr. Gilman Veith
Duluth, MN



Preface

The motivation for this book was stimulated by a one-day meeting, “Modelling Environmental
Fate and Toxicity,” organized by the BioActive Sciences Group of the Society of Chemical Industry.
The meeting was chaired by Drs. Mark Cronin and Dave Livingstone and held in London on March
27, 2001. The speakers at the meeting were drawn from industry and academia and described how
computational methods could be applied to predict the toxicity and fate of chemicals in the
environment. The meeting itself was well attended and was particularly timely. It coincided with
an upsurge of interest in this area due both to legislative changes and the commercial possibilities
of predicting toxicity and fate.

We are moving into a new era that is computationally rich and data poor. Modeling of toxicity
is much easier than it was a decade ago because of increased computational power and greater
availability of software to calculate descriptors of molecules (some of which is freely download-
able). However, we must never lose sight of the fact that good models require high quality input
data, and preferably large amounts of it. Neither should we forget that predictive techniques are
empirical models to be used; they should not be seen as an academic exercise. In commissioning
this book we attempted to bring together a collection of chapters that would assist future modelers
develop meaningful predictive techniques. This was always hoped to be a practical and didactic
book, there are plenty of published reviews in all areas covered in the book. All authors were
encouraged to make recommendations for the use of the methods and techniques described. The
editors support the recommendations and hope they will be applied and useful to the next generation
of modelers.

Mark Cronin and Dave Livingstone
July 2003
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