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Preface

Toxicologic Pathology: Nonclinical Safety Assessment is the result of careful planning and dili-
gence by the editors and authors. When entering the field of toxicologic pathology related to drug
development, the authors recognize the currently limited and scattered resources available to assist
the toxicologic pathologist, despite the best of basic diagnostic training and committed mentor-
ship. The editors have each served as mentors to toxicologic pathologists entering the arena of drug
development over the years and were struck by these shortcomings. Therefore, the current text has
been specifically designed to assist the students/residents and toxicologic pathologists in the early
phase of their careers by serving as a resource that can effectively be used as a ready reference next
to the microscope. Of course, even the most experienced pathologist in drug development has not
“seen it all,” as areas of drug emphasis shift over time and more targeted therapies are developed,
resulting in previously unseen, exaggerated pharmacologic or off-target effects. Since the initiation
of this book, toxicologists have expressed great interest in such a resource to better appreciate the
gravity of pathological lesions and processes described by the pathologist in toxicology reports and
to promote a much more fruitful dialog with pathologists toward a common understanding.

Toward these ends, the editors have organized this volume into two major sections, each com-
posed of multiple chapters. Since it is critical that the toxicologic pathologist has a basic understand-
ing of areas beyond diagnostic pathology to function effectively in an ever-increasing, integrated
approach to drug development, eight concept chapters are included. While numerous concept chap-
ters are possible, the current book includes those eight topics that have been judiciously selected to
orient the pathologist in areas that are important for effective interaction with other pathologists as
well as the many nonpathologists involved in drug development. The second major section is com-
posed of 13 chapters oriented by organ system. While this approach is generally used in pathology
texts, the limitation of presenting material on a multiorgan pathologic entity (e.g., phospholipidosis)
presented across several chapters is recognized. In such instances, information in various sections
should be identifiable from the index.

Any book of this nature is only as good as the authors who prepare the specific sections, thus
their selection was given very careful consideration. They were obviously chosen for their knowl-
edge, expertise, and focused interest on a topic. While multiple potential authors may be able to
develop a solid treatise on a topic based on literature review, we also know that extensive knowledge
and expertise based on the experience of working through toxicologic pathology issues that often
do not appear in the literature add a critical dimension. Therefore, the book was designed to present
important information, both published and unpublished, as gained through personal experience,
so this knowledge can be used by others to improve the quality of drug safety evaluation and, as
importantly, to expedite and improve the efficiency of the process. The editors and the future read-
ers are indebted to the authors for sharing such personal knowledge in addition to organizing and
summarizing the latest information available in the literature.

While extensive care has been taken by the authors to identify the most important topics and
effectively address them within the constraints of this book, there will inevitably be topics that have
been missed or have not been given enough space, and there will certainly be unforeseen topics that
will need to be added in the future. Therefore, the editors solicit input from readers as they use the
text. The goal is to continually upgrade and update the book at reasonable intervals so it can be of
even greater value to future users. Creators and users of future revisions will surely benefit from
the contributions made by the readers and users of this initial edition of Toxicologic Pathology:
Nonclinical Safety Assessment.
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’I Overview of Drug
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1.1 SCIENTIFIC HISTORY

1.1.1  ORIGIN OF MODERN THERAPEUTIC AGENTS

As with all other endeavors in human progress, the identification and use of therapeutic agents to
treat disease and alleviate pain and suffering have changed dramatically over time (Rubin 2007,
Scheindlin 2001; Tsinopoulos and McCarthy 2002). The origin of the use of potential therapeutic
agents is lost in antiquity but certainly dates back several millennia. The use of presumed therapeu-
tic agents was described in written records from ancient Greece and Egypt, as well as other areas of
the world. While a detailed history of drug discovery of pharmacologic agents is available (Sneader
2005), only a brief overview is provided here.

As might be expected, the origin of the use of various agents for therapy apparently began through
trial and error, though probably influenced by significant levels of superstition. From ancient times
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until the nineteenth century, agents of reputed therapeutic value were primarily, although not exclu-
sively, “botanicals” but also included selected metals and, in some cases, various animal parts. The
collection of various plant materials including leaves and roots provided the primary resources of
the “pharmacy” for several millennia. To enhance the possibility of therapeutic success, concoc-
tions made from several dozen sources were sometimes prepared, providing an early approach to
“polypharmacy.” While some material had varying therapeutic value, the specter of toxicity stalked
the use of these agents. In the highly developed world of today, the use of relatively crude botanical
products in native, dried, or extracted form has been largely supplanted by much purer products
made by synthetic processes. While we may at first think of botanical products as being associated
with less developed cultures, it is important to recognize that the use of botanicals has continued
to this day for marketed drugs, an example being the senna-based laxatives that are currently on
the market. Indeed, in the last several decades, we have seen a resurgence of the use of many crude
plant-based agents with reputed therapeutic effects, which have been collectively referred to as
herbal products or “nutraceuticals.” It is important to note that these products do not fall under the
review of the Food and Drug Administration (FDA) in the United States as long as no therapeutic
claim is made. However, anyone can peruse the local drugstore or “natural products” store and find
innumerable products that appear to be making therapeutic claims. These agents have generally not
been subjected to modern toxicological evaluation and, in most cases, not subjected to even rudi-
mentary toxicity testing. Toxicologic pathologists rarely see the results of these products unless they
participate in government programs such as the National Toxicology Program.

The identification of the action of naturally derived agents such as curare that was used in poison
arrows, and the subsequent study of the action of chloroform in the latter half of the nineteenth
century, set the basis for the future of pharmacology. In the later part of the nineteenth century and
the early decades of the twentieth century, the population of the Western world became more health
conscious and interested in disease remediation. This led to the rather bleak period of “patent medi-
cines” where numerous manufacturers produced a wide assortment of products for sale with wide
disease prevention and disease curative claims. It should be noted that patent medicines during this
era do not suggest that they were legally patented as occurs under current legal processes. Indeed,
“patent medicines” in the earlier era were not legally patented. These products were widely mar-
keted through extensive advertising campaigns using print medium. Claims for cures ranged from
the improvement of normal bodily functions to a cure for cancer; most impressively, or perhaps
unimpressively, diverse curative capacities were claimed for a single product. During this period,
there was no regulatory control over claims of either efficacy or toxicity, with the United States lag-
ging several other Western countries in developing a modicum of control. As one can well imagine,
the efficacy claims could not be substantiated. On the basis of knowledge of the ingredients, it is
apparent today that they would have most likely not had any therapeutic value. While the use of
these products undoubtedly prevented or delayed the patient’s efforts to seek medical attention for
real medical conditions, an equal if not greater issue was the fact that a number of these products
were toxic. Multiple incidences of life-threatening toxicity occurred in adults as well as in children,
either through the administration of toxic “medicines” of the day or through adulterated foods.
The attention to these issues through the effort of government officials such as Harvey Wiley and
a newly interested press resulted in the first laws addressing the safety of foods and drugs, which
occurred in the first decade of the twentieth century. This effort provided a basis for a very nascent
activity to evaluate safety, and later efficacy, although progress on this front was relatively slow.

Giant strides toward the scientific development of therapeutic agents occurred in the middle of
the twentieth century with the advent of what some have referred to as the antibiotic era (Tsinopoulos
and McCarthy 2002). Along with the identification of the first sulfa drugs, the identification of peni-
cillin in 1928 was a landmark event resulting from an interesting combination of serendipity, careful
scientific observation, and pursuit of the scientific process. The use of these new antibiotics, after
the development of production techniques, resulted in a dramatic change in survival of battlefield
combatants in World War I, setting the basis for wider acceptance and use throughout the general



