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Preface

This volume is the outcome of the Ninth Chemical Industry Institute of Toxicol-
ogy (CIIT) Conference on Toxicology, held in Raleigh, North Carolina, Sep-
tember 30 to October 1, 1987. These conferences have been organized by CIIT
since 1978 to encourage and promote exchanges of information on topics of
special interest in toxicology. This Ninth CIIT Conference included over 150
attendees from academia, the chemical and pharmaceutical industries, and vari-
ous governmental agencies, such as the National Toxicology Program, the U.S.
Environmental Protection Agency, and the Food & Drug Administration. The
sessions produced spirited and active interchanges of ideas and opinions, open
interactions which, hopefully, will continue.

The goals of this volume are to provide the reader with a firm grounding in
basic male and female reproductive physiology—including aspects of gameto-
genesis, postgonadal gamete maturation and transport, and fertilization—and
then to relate this information to the practice of reproductive toxicology.
Successive chapters present discussions of the mechanisms and modes of action
of reproductive toxicants, the design and use of multigeneration-type breeding
studies to identify potential toxicants, the quantitation of toxic effects using
specific cellular end points in both males and females, the efficacy of these end

XV



xvi PREFACE

points as predictors of fertility changes, in vitro methods in reproductive toxi-
cology, and the evaluation of genotoxic and mutagenic effects in germ cells.
Finally, the extrapolation of findings in animal studies to the human is dis-
cussed, including the use of specific human end points, epidemiological meth-
ods, and the role of risk analysis in the assessment of human reproductive risk.
I hope that the material in this book will allow the toxicologist reader to gain
some insight on the complexity of the reproductive processes and that it will
allow the biologist reader to appreciate the difficulties of accurately assessing
toxic effects on the reproductive system.

Appreciation is expressed to Linda Smith and Sadie Leak for their invalu-
able organizational and secretarial support before, during, and after the meet-
ing. Thanks also go to the speakers and authors of the chapters in this volume
for providing such stimulating and inclusive coverage of reproductive biology
and toxicology in the male and female.

Peter K. Working
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Chapter 1

Testicular Structure and Physiology:
A Toxicologist’s View

Paul M. D. Foster

BACKGROUND

A cursory glance at the literature would reveal a bewildering array of chemicals
capable of producing injury to the male reproductive system of experimental
animals. Indeed the list of chemical classes possessing members that can cause
adverse effects is a formidable one, ranging from synthetic steroids and thera-
peutic agents to metals. In contrast, there is a paucity of information on the path-
ogenesis of chemically induced injury to the male reproductive system and even
less information on the biochemical mechanisms underlying injury. In addition,
the number of compounds known unequivocally to have produced deleterious
changes in man is exceedingly small, consisting of information relating to a few
pesticides (notably Dibromochloropropane—Whorton et al., 1977; Reel and
Lamb, 1985), agents used in cancer chemotherapy (cyclophosphamide and
adriamycin—Meistrich et al.,, 1982), and some potential male contraceptives
(e.g., gossypol—National Coordinating Group on Male Anti-Fertility Agents,
1978).

Toxicity associated with reproduction is likely to lead to an emotive re-
sponse, and the notion exists among toxicologists, regulatory authorities, and

1



2 P. M. D. FOSTER

trade unions that reproductive effects are likely to be a major concern in toxicol-
ogy in the next decade. There is therefore an obvious need to approach the sub-
ject area in a more logical, scientific manner and redress the balance regarding
the limited information available, so as to develop new concepts in society’s atti-
tude and approach to the study of reproductive toxicants. The requirement to ap-
proach male reproductive toxicity in a more “mechanistic” manner so as to inter-
pret hazard more accurately (and thereby produce a better estimate of risk) is
very much dependent on the utilization of the strides made in male reproductive
physiology in recent years. However, unlike many other organs, our data base on
metabolic systems and cellular functions in this target organ is not large. Thus,
our understanding of how a compound may influence the biochemistry of an or-
gan is very largely dependent on our knowledge of the normal biochemistry of
the organ. The study of male reproductive toxicants requires an integrated ap-
proach covering the various scientific disciplines associated with the male sys-
tem, essential for normal function. Such techniques would range from detailed
histopathology of the testis, through biochemical changes in appropriate in vitro
systems, to studies on fertilization and reproductive outcome.

The objectives of the present paper are (1) to detail the basic structure and
compartmentation within the rat testis, (2) to briefly review the process of sper-
matogenesis and its control, (3) to emphasize the key role of the somatic Sertoli
cell, and (4) to present a rationale for an approach to the study of testicular toxi-
cants leading to a more informed hazard assessment. The rat has been chosen to
exemplify the male reproductive system for two major reasons: first, it is the spe-
cies in which most of our toxicological, including reproductive, information is
generated and necessarily where most toxicants have been described, and sec-
ond, it is the species in which our knowledge of normal testicular structure and
physiology is the greatest.

If one considers that the prime function of the male reproductive system is
to produce a gamete capable of fertilizing an oocyte to produce a viable off-
spring, then there are a large number of potential target sites that could be en-
visaged where a compound effect would lead to a deficit in function (see Fig. 1).
These would incorporate the hypothalamic-pituitary-testicular axis, ex-
tratesticular sites, and processes involved with sperm maturation and fertiliza-
tion. Many of these potential targets will be taken up in later chapters. Examples
of compounds thus exist that produce their reproductive effects via the central
nervous system, for example, cannabinoids, the pituitary secretion of gonadotro-
phic hormones (e.g., estrogens) and directly on spermatogenesis (e.g., phthalate
esters), whereas cadmium will disrupt the testicular vasculature. Other com-
pounds may mediate their effects by indirect means by interference, for exam-
ple, with normal steroid metabolism in the liver, or with seasonal breeders, on
the pineal gland.

When sperm leave the testis, they are both nonmotile and nonfertile, and
during maturation, compounds may also exert their effects (e.g., chlorosugars).
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Figure 1 Potential target sites in the male reproductive system to toxicant attack.

An effect on the process of fertilization is certainly a potential target for toxicant
action, as is the concept of paternally mediated developmental toxicity, but
examples of effects at these targets are not well described. It is fair, however, to
state that the vast majority of toxicants thus far described appear to exert their
effects directly on the process of spermatogenesis.

TESTICULAR STRUCTURE AND COMPARTMENTS

The parenchymal tissue of the testis is enclosed within a tunica and consists of
numerous seminiferous tubules, which are long, convoluted structures connected
at both ends to the rete testis (Fig. 2). Spermatogenesis takes place within these
tubules, and sperm are channeled from the rete testis via efferent ducts into the
epididymis (see Chapter 3). Surrounding these tubules is a vascularized intersti-
tial tissue that contains Leydig cells, macrophages, and mast cells. The relation-
ship of the interstitial tissue to the seminiferous tubules is shown diagrammat-
ically in Fig. 3. The boundary tissue of the seminiferous tubule consists of a
number of layers of cells including myoepithelial peritubular cells, thought to be
involved in the passage of released sperm along the tubule, possibly in response
to oxytocin secretion by Leydig cells (Wathes, 1984); more recent investigations
would indicate that they also have a role more closely associated with the Sertoli
cell and the process of spermatogenesis (Skinner and Fritz, 1985).



