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Preface

The manuscript of this book was written and rewritten over a
period of more than two years. During that period a break came
in the apparent dam to publication on reproductive physiology and
particularly its subdivisions concerned with reproductive behavior,
conception, and contraception. The success of the oral contracep-
tives and the availability of many steroids of the types found effec-
tive have stimulated not only their experimental study but also
numerous investigations in the general area of fertility control.
What seemed at first to be a relatively uncomplicated task grew
to rather formidable dimensions. To the experienced scientific writer
this is evident from the need for over 1400 citations of experimental
investigation. Even this does not tell the whole story, for in order
to assess and select only the publications most pertinent to the
subject matter of this book I have examined more than twice this
number. Nevertheless, I have doubtless failed to cite a number of
significant studies; certainly as the book is being processed and
even as the faithful student reads it, accounts of new and relevant
investigations are appearing. Nonetheless, I am confident that I
have presented in this book the basic facts relative to the processes
controlling fertility in higher animals. Moreover, I have attempted
throughout to indicate the hiatuses in our knowledge, the questions
demanding answers, and the probable needed directions of further
research. To the inquiring mind this is perhaps not difficult, but
the designation of meaningful areas for study requires also the
familiarity of experience.

Indeed, it is because of a tolerably lengthy and fairly consistent
experience that I have undertaken the writing of this book. As I
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viii PREFACE

have mentioned in the text much of the subject matter is taken
directly from my work and that of my colleagues. Without the
collaboration and stimulation of these colleagues even my most
sanguine efforts would have been meager indeed. Their efforts are
acknowledged following this preface.

A number of the donors mentioned in the acknowledgment have
made possible a feature of our work not described in the text of
this book. This is the travel to meetings and conferences and to
laboratories, clinics, and other institutions concerned with aspects
of the multifaceted discipline of reproductive physiology. As a
result we have conferred and lectured in many countries of the
world, seen at first hand the research needs and possibilities in
almost every European, Asiatic, Central, and South American coun-
try. We have faced the hard fact of overpopulation in country
after country, learned of the bleak demographic future, assessed
the prospects for the practice of efficient fertility control. This has
been a saddening and a heartening experience; saddening because
of the sight of continuing poverty and misery, heartening because
of the dedicated colleagues and workers seeking to overcome the
handicap of excess fertility and to promote healthy reproductive
function. Among these we have made many friends, found devoted
students.

Perhaps most stimulating has been the recognition among these
workers throughout the world of the need and merit of objective
scientific study of all aspects of fertility and sterility. The ready
acceptance of validated statistics, of experimentally substantiated
facts, has encouraged our belief in the internationalism of scientific
inquiry. Birth control and the allied areas of sexual physiology and
sexual behavior have long been battlegrounds of opinion-voicers.
They have suffered from clashes among Adiffering culture patterns,
~ theologies, moralities, even politics. These struggles still continue,
but they are being more and more delimited by the findings of
science. Objective appraisal is surely but slowly replacing heated
partisanship.

It is the operation of the scientific process in the area of fertility
control that this book attempts to portray. That process is neither
the acme of efficiency nor the “Final Solver of All Problems.” As is
evident to all who read, it works by fits and starts, it leads to errors
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that must be painfully reviewed and critically rejected, it often
dwells lengthily on minutiae, overstresses conditional findings, and
for long periods fails to illumine factual obscurities. Nonetheless, it
gets ahead, haltingly perhaps, but inevitably. The mystery and
wonder of conception becomes describable in terms of gametes and
their movements, in terms of fertilization reactions and the opera-
tion of replication mechanisms, in terms of oviduct chemistry and
hormonal regulation. In each of these is also mystery and wonder,
for there is still more to discover than we now know. But in the
blazing or flickering light of what we-do know a priori judgments
and willful prejudices fade. And our considered and tested knowl-
edge offers a firm basis for what we can and should do.

GRrecory PiNcus

Shrewsbury, Massachusetts
May, 1965
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CHAPTER 1

Bac]egrouncls

This book is primarily concerned with investigations into aspects
of reproduction conducted by the author and his colleagues. It is,
first of all, an attempt to summarize a collection of data hitherto
either partially or not at all presented. Secondly, we shall attempt
to indicate those avenues which hold promise for future investiga-
tion. Finally, we shall attempt an assessment of the implications
of our understandings and ignorances.

Our own work began with a curiosity about mammalian ferti-
lization and ovum maintenance (1). The evolution of internal ferti-
lization and gestation in the oviducts has led to the establishment
of various mechanisms for the safeguarding of the gametes and the
conceptus. Because of their relative inaccessibility and certain diffi-
culties in their maintenance in vitro, mammalian ova have, until
lately, been used only to a limited extent as subjects for experi-
mental study. Nonetheless, out of these early inquiries several find-
ings emerged: (a) rabbit ova in moderately large number may
be obtained by stimulating ovaries to superovulation by the admin-
istration of certain gonadotropic preparations (2)—this may be
accomplished in a number of species of laboratory and domestic
animals (3-5); (b) such ova may be readily fertilized (cf. 6),
recovered, and cultured in vitro; (c¢) the fertilization of mammalian
ova in vitro is accomplished with difficulty (7), and this may be
due in large measure to the need for capacitation of the sperm,
which is accomplished by their residence in the oviducts for a
number of hours (8, 9); (d) fertilized rabbit eggs will readily
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4 1. INTRODUCTION

cleave at apparently normal rates in vitro (1, 10), but those of
other species, e.g., guinea pig (11), rat (12), sheep, and goat (13),
show only a limited amount of cleavage or none under a variety
of culture conditions; (e) rabbit blastocyst growth under optimal
conditions in vitro does not attain the rate observed in vivo (14)
and growth in vivo is sharply limited by the action of ovarian hor-
mones, particularly progesterone (15, 16); (f) energy for blasto-
cyst growth in vitro appears to be derived from the Meyerhof
glycolytic system provided enzyme maintenance by sulfhydril-
containing compounds occurs (17), but probably special growth-
promoting substances present in blood serum are additionally
necessary.

In these probings into the range of mammalian egg activities
extending from maturation and ovulation to implantation, several
conclusions implied or stated have emerged as the basis for more
recent investigations. First, the dependence of the ovarian follicle
on pituitary gonadotropic hormones for stimulation to ovulation is
emphasized. Second, fertilization is seen to be not merely a chance
meeting of egg and sperm, but an event requiring maturation
(capacitation) of sperm as well as eggs within the female repro-
ductive tract. Third, the fertilized egg cleaves readily in vivo in
the absence of ovarian hormones or even in the presence of an
excess of estrogen (18), but unknown factors essential for normal
cleavage are difficult to supply in vitro, at least for the eggs of
certain species. Fourth, growth of the blastocyst in the uterus
appears to depend upon a serum ultrafiltrate containing a variety
of nutritional essentials and ordinarily made abundantly available
as the result of progestational uterine states normally controlled
by ovarian hormones, especially progesterone and possibly condi-
tioned by some of its metabolites (19).

Each of these conclusions supports the possibility of control of
fertility by manipulation of the ovum environment, and particularly
its hormonal environment. Curiously, the cardinal basis for a large
portion of the work forming the subject matter of this book was
unapparent in these early researches. Thus we specifically found
(and stated) that estrogen did not prevent ovulation in the rabbit
(18), and, therefore, the important concept of a steroid feedback
upon pituitary hormone production and/or release evaded us.
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Actually, recent experimentation has indeed emphasized that many
estrogens in otherwise “physiological” doses are poor or ineffective
inhibitors of cvulation in the rabbit (20).

In 1937, Makepeace, Weinstein, and Friedman (21) noted the
effectiveness of progesterone as an ovulation inhibitor in the rabbit,
but the logical extension of this observation into a more intensive
study of the nature of the progesterone action as well as the action
of certain derivatives and putative metabolites were not reported
by us until 1953 (22).

Why this “logical extension” occurred after a latent period of
approximately 168 years is a question concerning which we have
raised some speculation. Certainly, judging by publications, there
was a period during which our own activities in this field fell to a
minimum, both absolutely and relatively (Table 1). An examination

TABLE 1
PAPERs PUBLISHED BY THE AUTHOR AND NUMBERs LISTED BY AUSTIN (9) FOR
THE PERIOD 1934-1961

Number concerned with
Period of Total number reproduction and allied Number in Austin’s

publication of papers phenomena bibliography
1934-1937 29 18 35
1938-1941 35 22 34
1942-1945 26 12 18
1946-1949 27 5 70
1950-1953 54 10 119
1954-1957 60 21 150
1958-1961 41 27 132

of the bibliography of any book concerned with reproductive
phenomena (e.g., 9) discloses similarly a minimum number of
publications during the period 1942-1945, and a significant rise in
output from 1950 on. In our own case, the special demands of “war”
research accounted for a shift of interest to studies of adrenocortical
function, particularly in relation to physical and mental stress, and
this interest has continued to a greater or lesser degree. Indeed,
World War II probably accounts for the lapse observed generally.
In our case, the increase of activity as indicated by publications
from 1950 on has been due to two overtly ascertainable factors:
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(a) a visit from Mrs. Margaret Sanger in 1951 and (b) the emer-
gence of the appreciation of the importance of the “population
explosion.”

At the time of her visit, Mrs. Sanger’s interest in the world-wide
dissemination of information on birth control was at high tide. Her
experience as President of the International Planned Parenthood
Federation had made her aware of the deficiencies of conventional
contraceptive methods, particularly in underdeveloped areas of the
world. Her hope, expressed to us, was that a relatively simple and
fool-proof method might be developed through laboratory research.
Drs. Chang and Pirie and I had already had some experience with
hyaluronidase inhibitors in the rabbit (23) but we had found that
such potent inhibitors could act only on direct contact with sperm
and that there was no possibility of an effect by parenteral admin-
istration. Although some preliminary experiments by the late Dr.
Abraham Stone had indicated that at least one of these inhibitors
might be quite active as the component of an intravaginal prepara-
tion in the human, the limitations to its use still appeared to be
rather formidable. Accordingly, Dr. Chang and I drew up a modest
project proposal that received support under a grant from the
Planned Parenthood Federation of America. Work under this grant
resulted in the paper on the rabbits mentioned above (22) and in
the finding that the compounds that we found to be potent as
ovulation inhibitors in the rabbit were also quite active as anti-
fertility agents in the rat (24).

The impetus to research, particularly on the physiology of
reproduction, given by the recognition of the population explosion
has been described a number of times (25, 26). Although the
physiologist has generally been called upon to undertake research
which might lead to easily effective and acceptable means of birth
control, his role is indeed a much wider one. The modern-day
investigator cannot be satisfied with the invention of a “cunning
device.” The present accumulated knowledge concerning repro-
ductive processes indicates that the production of gametes, their
transport and mating, their fusion, and the fate of the fertilized egg
involves an intricate and delicately balanced set of sequential
events. Interfering with this sequence at any of a large number of
stages may have physiologic consequences that are not apparent on



