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Steps in the Reproductive Process Susceptible
to Regulation

EGON DICZFALUSY, M.D.1

During the past decade, family-planning programmes have been conducted on the
assumption that developments in the field of contraception (e.g., hormonal contraceptives
and intra-uterine devices) had reached a stage of considerable technicalperfection. Enough
information has now been accumulated, however, to indicate that this assumption was not
fully justified; the high drop-out rates from these programmes observed under different
conditions indicate that there is an urgent need for further improvements of the existing
methods and for the development of new methods based on different approaches. A pre-
requisite for the development of such methods is a greatly improved knowledge of the
physiological factors influencing the various steps of the reproductive processes in the
human species.

In an attempt to focus attention on the various steps which are susceptible to controlled
interference, a brief review is given of some of the present concepts of the regulation of
spermiogenesis, ovulation and the menstrual cycle, sperm capacitation, fertilization, tubal
passage, zygote and blastocyst formation, implantation and early embryonic development.
It is concluded that the reproductive processes are indeed subject to intricate biochemical
and hormonal regulatory mechanisms and that the different phases of these processes do
offer a variety of possibilities for hormonal, pharmacological and perhaps also immuno-
logical interference.

In vertebrates the processes involved in the pro-
duction and release of gametes are generally regu-
lated by endocrine mechanisms. In view of this, it
is understandable that modem scientific efforts to
decrease or increase reproductive ability involve
hormonal or pharmacological manipulation of cer-
tain phases of the endocrine control mechanisms.
With the gradual elucidation of the normal hormonal
requirements of the reproductive processes in dif-
ferent species it becomes more and more apparent
that several phases of these intricate processes are
susceptible to controlled interference by a variety of
hormonal and pharmacological agents. However,
animal experiments also indicate the existence of
marked species differences not only in the endocrine
regulation of the reproductive processes, but also in
the relative vulnerability of the various steps to
hormonal and pharmacological agents. In view of
these considerations, it may not be too surprising
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that the exact mode of action of contraceptive ster-
oids (WHO Scientific Group on Hormonal Steroids
in Contraception, 1968; Diczfalusy, 1968), or that
of intra-uterine devices (WHO Scientific Group on
Intra-Uterine Devices, 1968; Corfman & Segal,
1968) is incompletely understood. In order to assess
future possibilities for developing new methods of
fertility control, it may be useful to discuss the
present concepts of the normal regulation of human
reproductive processes, their vulnerability to various
agents as well as the many lacunae in our present
knowledge ofthese processes. Some ofthese problems
have been reviewed recently by the WHO Scientific
Group on the Biology of Human Reproduction
(1964), the WHO Scientific Group on Neuroendo-
crinology and Reproduction in the Human (1965),
the WHO Scientific Group on the Chemistry and
Physiology of the Gametes (1966) and the WHO
Scientific Group on the Biology of Fertility Control
by Periodic Abstinence (1967) and the general plan
of the present discussion will follow that of a previ-
ous review (Diczfalusy, 1966).
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FIG. 1

SOME OF THE MECHANISMS INVOLVED IN THE REGULATION OF GONADOTROPHIN SECRETION
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OVULATION AND THE MENSTRUAL CYCLE

In normally menstruating women, numerous fol-
licles develop in each cycle but only one of them
matures completely into a Graafian follicle; the
others degenerate rapidly and become atretic. The
factors responsible for the selection of one particular
egg, and for the induction of atresia in many others,
are incompletely understood. It is known, however,
that the degeneration of human germ cells occurs
even during prenatal life. The elimination of
ovocytes continues through birth and through the
juvenile and mature phases, until complete dis-
appearance at menopause. The population of
female germ cells attains its highest level (approxi-
mately 6 million ovocytes) around the sixth month
of gestation (Witschi, 1956; Baker, 1963). From
this stage no mitotic activity occurs, but there is
a continuous loss of ovocytes; indeed, during in-
fancy more than 90% of the follicles disappear by
degeneration. To what extent this process is influ-
enced by gonadotrophin secretion is not known. It
is established, however, that this degeneration is not
restricted to secondary and tertiary follicles, i.e.,
follicles which most probably have responded to a
certain extent to a gonadotrophic stimulation
(Witschi, 1968). As Witschi (1968) points out, it is
of significance in this respect that progestogens and
oestrogens seem to act only at the level of tertiary
and possibly secondary follicles, but do not speed

up the degeneration of primary follicles (Lauweryns
& Ferin, 1964; Ludwig, 1965), and that hypophysect-
omy does not prevent the continuous loss of ovocytes,
at least not in the mouse (Jones & Krohn. 1961).

Follicle maturation is controlled by the hypophysi-
al follicle-stimulating hormone (FSH) and ovulation
and corpus luteum formation by the luteinizing
hormone (LH). The formation and release of these
gonadotrophins is regulated by separate hypothal-
amic factors, the FSH-releasing factor and LH-re-
leasing factor (also demonstrated in man by Igarashi
et al. (1968) and by Kastin et al.1) and the secretion
of these releasing factors is controlled in part by the
central nervous system, and in part by circulating
gonadal hormones. Thus it seems likely that mor-
phine (Menninger-Lerchenthal, 1934) and tranquil-
lizers (Whitelaw, 1960) interfere with ovulation in
primates via an interaction with the central nervous
regulation. In addition, it is probable that pituitary
gonadotrophins themselves exert a feed-back effect
via hypothalamic centres (Fig. 1) and thus modify
their own secretion rate (Corbin & Cohen, 1966;
David, Fraschini & Martini (1965), Corbin & Story,
1967). It is also possible that, in addition to the
FSH- and LH-releasing factors, the hypothalamus
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presented at the 51st Annual Meeting of the Endocrine
Society, June 1969.
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produces inhibitory substances to suppress the re-
lease ofgonadotrophins (Morrison & Johnson, 1966).
Such an inhibitor may also be present in the hypo-
thalamus of infants and prepuberal children.
For the time being, the normal regulation of the

human hypothalamo-hypophysial system through
circulating ovarian steroids is poorly understood.
The present concept seems to be that oestrogens
given in small doses to women stimulate the release
of both FSH and LH, whereas in large doses they
inhibit FSH secretion with little or no immediate
effect on LH, although upon continued administra-
tion LH will also be inhibited. It is assumed, further-
more, that progestogens alone have relatively little
effect on FSH, but suppress the mid-cycle LH peak,
whereas the combined administration of oestrogen
and progestogen medication in large enough doses
is thought to depress both FSH and LH. This sub-
ject was reviewed by Diczfalusy (1968).

Most, if not all of these studies, however, have
been conducted by the use of synthetic steroidal
contraceptives, most of which represent chemical
structures that do not occur in the human organism
under normal conditions. Thus the true regulatory
effect of the natural oestrogen (17fl-oestradiol) and
progestogen (progesterone) in the concentrations
in which they are secreted by the ovary remains
to be established. Some of the characteristic dif-
ferences between natural and synthetic oestrogens
and progestogens are indicated in Fig. 2.

Pituitary gonadotrophins regulate not only the
release of fertilizable eggs, but also the synthesis of
steroid hormones by the ovary, a process which
seems to be intimately associated with ovulation.
The maturing follicle secretes increasing amounts of
oestrogenic hormone. This seems to be regulated by
a combined effect of FSH and some LH in propor-
tions which are not well known. The circulating
oestrogen converts the endometrium into a prolifer-
ative one and induces maturation of the vaginal
epithelium. It also changes the molecular archi-
tecture of the cervical mucus in a most characteristic
fashion (Odeblad, 1959, 1962, 1966, 1968; Moghissi,
1966). These changes favour sperm penetration and
longevity. As indicated above, the circulating oestro-
gen also acts upon the hypothalamo-pituitary axis,
but the fine details of this mechanism remain to be
studied.

Following ovulation, the ruptured follicle is con-
verted into a corpus luteum which secretes not
only oestrogen, but also large quantities of proges-
terone. This oestrogen-progesterone combination
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seems to feed back to the hypothalamo-pituitary axis;
it also converts the endometrium into a secretory
type suitable for the implantation of the fertilized
ovum. The circulating progesterone induces regres-
sive changes in the vaginal epithelium and changes
the physicochemical characteristics of the cervical
mucus, which becomes hostile to sperm penetration
(Moghissi, 1966; Odeblad, 1966, 1968). It has also
been shown that the progestative cervix inhibits the
uptake of labelled acetate for the synthesis of cervical
mucus (Ferrando & Zipper, 1967). Thus it becomes
increasingly clear that the physicochemical structure
of the cervical mucus represents a very vulnerable
step in the normal reproductive processes, and it is
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FIG. 3

SCHEMATIC REPRESENTATION OF THE PITUITARY CONTROL OF OVARIAN FUNCTION IN MAN
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conceivable that in the not-too-distant future
steroid formulations or other pharmacologically
active agents will be developed which may induce
the formation of a cervical mucus hostile to sperm
penetration without interfering with a normal pitu-
itary and ovarian function. Continuous low-level oral
progestogen contraception (Martinez-Manautou et
al., 1967) and the subcutaneous silastic capsule
(Segal, 1967a; Segal & Croxatto 1) or intravaginal
silastic ring (Mishell, 1968), which slowly releases a
controllable amount of progestogen (Dzuik & Cook,
1966; Kincl, Benagiano & Angee, 1968; Sundaram
& Kincl, 1968; Chang & Kincl, 1968) seem to
represent the first promising steps in this direction.
The hypophysial control of the endocrine function

of the corpus luteum in the human species is incom-
pletely understood, and the possible stimulating role
of LH, luteotrophin (LTH) and growth hormone
(GH) is still under debate (Fig. 3).

Also, it remains to be seen whether an endo-
metrial factor, luteolysin, is capable of inhibiting
or modifying steroid synthesis by the human corpus
luteum, as suggested indirectly by the studies of

1 Segal, S. J. & Croxatto, H. - Single administration of
hormones for long-term control of reproductive function. A
paper presented at the 23rd Annual Meeting of the American
Fertility Society, Washington, April 1967.

Andreoli (1965). Such a factor seems to be of im-
portance in certain animal species (Short, 1967). It
is agreed, however, that some 12-14 days following
ovulation, the steroidogenic function of the corpus
luteum is decreasing so markedly that the endo-
metrium remains without hormonal stimulation and
is desquamated in connexion with a menstrual bleed-
ing. The factors inducing the regression of the
human corpus luteum are incompletely compre-
hended. Since the progesterone produced by the
corpus luteum seems to be indispensable for im-
plantation, the steroidogenic function of the corpus
luteum represents a very important factor among the
vulnerable steps of the reproductive processes. In-
deed, it has been suggested that inhibition of pro-
gesterone synthesis by the corpus luteum may be
one of the mechanisms by which progestogens
interfere with fertility (Ostergaard & Starup, 1968).

CAPACITATION AND FERTILIZATION

Spermatozoa removed from the caput of the
epididymis are unable to fertilize the egg, or even to
establish firm contact with the surface of the egg.
After their formation, spermatozoa have to spend
1 or 2 weeks in the epididymis to fulfil these functions.
It is generally accepted that mammalian spermatozoa
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progressing through the epididymis undergo func-
tionally important changes, which involve the portion
of the plasma membrane surrounding the acrosome
as well as the acrosome itself. The chemistry of
these changes is incompletely known. How the
fertilizing ability of rabbit sperm can be preserved
for some 38 days in the cauda, and why it is lost
within 30 hours in the female tract (Chang, 1968),
are puzzling questions. It may be of significance in
this respect that seminal plasma contains high con-
centrations of specific substrates, enzymes and trace
elements (Mann, 1964; Eliasson, 1967, 1968; Eliasson
Haggman & Wiklund, 1967) and contact with these
may significantly modify the metabolic events taking
place in the sperm. Also, in certain species sperm
survive in the female reproductive tract for a much
longer time than in rabbits (Wimsatt, 1942). The
limited information available in the human species
suggests a survival time of several days (Ferin, 1948;
Rubenstein et al., 1951; Southam & Buxton, 1956;
WHO Scientific Group on the Biology of Fertility
Control by Periodic Abstinence, 1967).

Furthermore, although the morphology and moti-
lity of mammalian sperm may appear normal they
may be unable to fertilize ova. For complete fertiliz-
ing ability additional maturation is needed, and this
takes place in the female genital tract. This final
maturation stage of sperm is called " capacitation "
(Austin, 1952; Chang, 1958) and the process has
been demonstrated in many mammalian species,
although the evidence for its existence in primates
is incomplete (Marston & Kelly, 1968). The exact
nature of capacitation is poorly understood. It
involves certain changes in the biochemistry of the
sperm cell during its transport through the uterus to
the Fallopian tubes. It is not species-specific; rabbit
sperm is capacitated in the uterus of dogs and rats
(Hamner, Jones & Sojka, 1968), although there is
some evidence suggesting that this is only a partial
capacitation and that for the completion of the
capacitation process exposure to the homologous
female tract may be essential (Bedford & Shalkovsky,
1967). It has also been suggested that capacitation
is a sequential process, requiring first uterine and
then tubal factors (Bedford, 1968).
The problem appears to be even more complicated,

since it has also been demonstrated that incubation
of capacitated rabbit spermatozoa in the seminal
plasma of bulls, humans or rabbits seems to reverse
the capacitation process; reincubation in the repro-
ductive tract of the female rabbit, however, restores
the fertilizing ability of such sperm (Chang, 1957).

The factor in seminal plasma which reverses capa-
citation is called a " decapacitation factor ". It can
be destroyed by hydrolysis in dilute hydrochloric
acid (Williams et al., 1967) or by incubation with
P-amylase preparations (Dukelow et al., 1966). It
is possible that the factor responsible for this in-
activation is not ,B-amylase itself, but rather a
contaminating enzyme (Williams et al., 1967).
The findings that sperm are not capacitated in the

uterus of a pseudopregnant rabbit (Chang, 1958)
and that capacitation is reduced in the uterus of
rabbits injected with progesterone (Chang, 1967)
suggest that capacitation may also be hormonally
regulated. It has also been suggested that capacitated
sperm can lose their fertilizing capacity by exposure
to a female reproductive tract which is under pro-
gesterone domination (Hamner, Jones & Sojka, 1968)
and that an increased rate of respiration of both
rabbit and monkey sperm results from capacitation
in an oestrus, but not in a pseudo-oestrus uterus
(Bracket, 1968). It remains to be established whether
interference with sperm capacitation is involved in
the mechanism of fertility control by the continuous
administration of low-level progestogens. In any
event, the available data indicate that the capacitation
process may be one of the vulnerable steps in the
reproductive processes.

It is known that phagocytosis of sperm by the
phagocytic cells of the female genital tract occurs
under a variety of experimental and natural con-
ditions (Austin, 1957; Howe & Black, 1963; Bedford,
1965; Moyer et al., 1967). This reaction takes place
not only in the vagina and uterus, but also in the
oviduct. The hormonal and pharmacological factors
influencing this process remain to be elucidated
(Brinsfield et al., 1964).
Even if the sperm are properly capacitated, fertiliz-

ation will not take place unless such sperm reach
the tube during the short period when the discharged
ovum is capable of fertilization. This period (the
fertilizable life of the ovum) is relatively brief in most,
but not all, mammals; in the human it is estimated
to be between 6 and 24 hours (Hartman, 1936). It is
known that, prior to penetration by sperm, the
freshly ovulated egg has already had its first matura-
tion division with the extrusion of the first polar
body. In studies in which the in vitro maturation
of human ovarian ovocytes was investigated, it could
be demonstrated that the post-dictyate stages of
meiosis were resumed in 80% of human ovocytes
released from their Graafian follicles into a culture
medium (Edwards, 1965). The maturing ovocytes
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progressed through their meiotic divisions synchro-
nously whether taken from women in various stages
of the menstrual cycle, or in pregnancy. It was shown
that the germinal vesicle broke down after approxi-
mately 25 hours in culture, that diakinesis occurred
after 25-28 hours and that metaphase of the first
meiotic division occurred after 28-35 hours. Ex-
trusion of the first polar body and metaphase of the
second meiotic division took place after 36-43 hours
in culture (Edwards, 1965). It seems therefore that
human ovocytes may be fertilized after their matu-
ration in vitro also. Why ova maintained within the
ovary for many years as viable entities lose their
vitality in a matter of hours, rather than days, when
they are liberated from the follicle, is a difficult
question. It is possible that the inertness of the
unfertilized egg might be attributed to the lack of
messenger RNA for programming the ribosomes, or
perhaps to the presence of a ribosomal inhibitor
(Tyler, 1963, 1965). At any rate, the limited fertiliz-
able life of the human ovum offers a vulnerable step
par excellence, which has been (and still is) utilized
for fertility control by the so-called rhythm method
(Knaus, 1934; WHO Scientific Group on the Bio-
logy of Fertility Control by Periodic Abstinence,
1967).

Unfortunately, the length and variability of the
human menstrual cycle are such (Hartman, 1962)
that the effectiveness of the rhythm method is rather
limited. Thus, in a recent study of more than 30 000
recorded cycles, from more than 2000 women, 95 %
of all cycles were between 15 and 45 days long, the
mean and its standard deviation being 29.1 ± 7.46
days (Chiazze et al., 1968). For those cycles between
15 and 45 days long the average was 28.1 ± 3.95
days. Only 13% of the women studied had a vari-
ation in cycle lengths of less than 6 days. Other
studies suggest a somewhat narrower distribution of
menstrual intervals (WHO Scientific Group on the
Biology of Fertility Control by Periodic Abstinence,
1967). Most of the variation is due to the variability
of the preovulatory phase. However, the length of
the premenstrual phase is also subject to considerable
variation; its modal length is 12 days, but this length
seems to occur on average in only 20% of the cycles
in mature women (Vollman, 1967). In view of this
variability, there seems to be a great need for a safe,
convenient and rapid method of predicting or indu-
cing ovulation at regular intervals. 'Another disad-
vantage of the method of calculated rhythmic absti-
nence, as pointed out by Witschi (1968), is that if the
" safe period " is not conservatively observed, or

when ovulation is retarded, the chances are that
fertilization may occur after its optimal time has
passed and when the waiting egg has become over-
ripe; it is established that delay of insemination
causes deterioration of vertebrate eggs, with con-
sequent chromosomal abnormalities (Witschi &
Laguens, 1963; Butcher & Fugo, 1967), polyspermy
(Odor & Blandau, 1956) and teratologic development
(Iffy, 1963; Blandau, 1954; Fugo & Butcher, 1966;
Hunter, 1967). In the opinion of Witschi (1968) and
of Mikamo (1968), intrafollicular and post-ovulatory
over-ripeness can be clearly recognized as major
sources of the relatively high incidence of malforma-
tions in early human embryos and foetuses.
Sperm penetration into the egg is also an aspect

of mammalian reproduction which is not completely
understood. It involves the action of sperm-borne
enzymes, predominantly of trypsin and hyaluroni-
dase (Stambough & Buckley, 1968; Toyoda& Chang,
1968); this suggests that fertilization might be vulner-
able to the effect of various enzyme inhibitors. Such
effects have been reported by several investigators
(Pincus, 1965; Hahn & Frank, 1953; Wohlzogen,
1961). It has also been demonstrated that glucose
plays a central role in the control and regulation of
blastocyst metabolism, biosynthetic activity and
maintenance of morphology (Fridhandler & Wastila,
1967). Others have shown that the mouse ovum has
special pathways for energy metabolism at different
stages of development; unfertilized ova utilize pyru-
vate exclusively; lactate is first utilized at the 2-cell
stage. At the 2-cell stage the embryo is permeable
to lactate, but not to malate; permeability to the
latter occurs at the 8-cell stage (Biggers, Whitting-
ham & Donahue, 1967). This gradual development
of enzyme activities seems to offer additional points
of attack for enzyme inhibitors.

Secretory products elaborated by the tube seem
to have a particular role in ensuring proper ferti-
lization. Thus some components of the tubal se-
cretions seem to be necessary in the rabbit to denude
the ova of their corona radiata cells (Suzuki &
Mastroianni, 1965), and human ova were shown to
denude in vitro, following treatment with sperm sus-
pension, when small pieces of tubal mucosa are
present in the medium (Shettles, 1953). How critical
this effect is for the proper fertilization of human
ova remains to be investigated.

It has also been demonstrated that the tempera-
ture of the environment is of significance for fertiliza-
tion, both in vitro (Chang, 1952) and in vivo (Chang
& Fernandez-Cano, 1958).
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Under certain conditions, anti-sperm antibodies
develop in the human organism, and it seems likely
that the spontaneous development of such antibodies
both in the male and female play an important role
in involuntary sterility (Tyler, 1961; Rumke, 1965;
Katsh & Katsh, 1968). It appears that immuno-
logical manipulation is capable of inducing far-
reaching changes and may efficiently interfere with
many phases of the reproductive processes in addition
to fertilization (Tyler & Bishop, 1963; Katsh, 1965;
Mancini et al., 1965; Laurence & Ichikawa, 1968;
Menge & Protzman, 1967; Katsh & Aguirre, 1968;
Sawada & Behrman 1967). Since heterologous pro-
teins administered to animals can be detected in the
tubal fluid (Glass & McLure, 1965), it seems likely
that circulating antibodies may also reach the tubal
secretions. However, the active immunization pro-
cedures employed so far have given rise to a high
titre of antibodies in the circulation, but not in the
uterine fluid. On the other hand, intravaginal im-
munization with sperm was claimed to produce
" local " antibodies in the vaginal fluid, but not in
the circulation (Moyer & Maruta, 1967).
From all these data, it seems justifiable to conclude

that fertilization is very vulnerable to a variety of
biochemical, endocrine, pharmacological and im-
munological factors. These factors have not yet
been sufficiently explored.

TUBAL PASSAGE AND ZYGOTE FORMATION

Successful fertilization is followed by passage
down the tube, during which cleavage (zygote for-
mation) takes place. Calculated from the time of
ovulation, the duration of this passage in the human
species appears to be some 3 days (Pincus, 1965).
There seems to be a crucial time-relationship between
the fertilized ovum and its environment as it ap-
proaches the uterus, and this relationship is under
the influence of a delicate hormonal balance. Ciliary
activity, the flow of secretions and muscular activity
are all instrumental in the regulation of this passage;
increased ciliary activity was demonstrated at the
time of the passage of the zygote by Borell et al.
(1957). Generally speaking, oestrogens increase the
rate of secretion of tubal fluid, stimulate the growth
and activity of cilia at the ostial portion of the tube
and increase the peristaltic activity of the tubal
musculature, whereas progesterone generally seems
to exert an opposite effect on these parameters.
However, it is not easy to generalize about the events
taking place in the tubes in different species; thus

oestrogens were reported to cause " tube-locking"
and prolonged retention of the fertilized ova in the
oviducts of some experimental animals (for a review,
see Pincus, 1965), whereas other reports indicate
that, in several species, oestrogens prevent pregnancy
when administered during the period of tubal trans-
port of ova, because they cause an accelerated
passage of the fertilized ovum and premature ex-
pulsion of it from the Fallopian tubes (Greenwald,
1959, 1961; Deansley, 1963). It is thus clear from
the above data that, in many species, tubal trans-
port of the fertilized ovum is sensitive to changes in
the endocrine environment. Interference with tubal
transport or implantation or both, also seems to be
the mechanism of action of oestrogens when used as
post-coital contraceptives (Morris & van Wagenen,
1966; Morris et al., 1967b).

Mastroianni & Rosseau (1965), who were studying
the mode of action of intra-uterine devices, showed
that premature expulsion of ova from the tube also
takes place in gonadotrophin-stimulated (" super-
ovulated ") monkeys with these devices. Such gona-
dotrophin-treated animals usually exhibit multiple
ovulations and thus a relatively high rate of steroid
secretion. Since in monkeys with normal ovulation
no such effect was demonstrated (Eckstein, 1967),
it seems reasonable to attribute the accelerated tubal
passage observed in gonadotrophin-treated animals
having intra-uterine devices to an interaction be-
tween the intra-uterine device and the elevated level
of steroids. It is also known that the motility of the
human Fallopian tube is influenced both in vitro and
in vivo not only by steroid hormones (Erb & Wenner,
1966), but also by pituitary and adrenal medullary
hormones, such as oxytocin, vasopressin, adrenaline,
noradrenaline, etc. (Sandberg et al., 1960; Rorie &
Newton, 1965; Coutinho & Maia, 1968; Quintanilla,
Bustamante & Quan, 1968).

In addition to ciliary activity, secretion and moti-
lity, biochemical interactions between the fertilized
ovum and the tub.s are also of importance for the
development of a normal conceptus. Thus the lining
of the tube seems to exhibit an increased alkaline
phosphatase activity in the vicinity of the fertilized
ovum (Augustin & Moser, 1955). Certain ultra-
structural changes also occur in the tube during the
passage of the zygote (Reinius, 1967).
The effect of ovarian hormones on the biochemi-

cal changes taking place in the tubes is incompletely
understood. It has been demonstrated that certain
anti-oestrogens act as antifertility agents in labora-
tory mammals only during the period while the
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fertilized eggs are in the tubes (Segal & Nelson, 1958;
Duncan et al., 1962). Whether in such cases the
anti-oestrogens cause degeneration of tubal ova
simply by reducing tubal secretions (Mastroianni et
al., 1961), or by influencing certain biochemical
processes in the ovum or in the tube, remains to be
established.
Thus it appears that cleavage and tubal transport

offer many vulnerable points to endocrine and phar-
macological factors.

BLASTOCYST FORMATION AND IMPLANTATION

It seem likely that blastocyst formation in the
human species takes place some 5-8 days, and im-
plantation 8-13 days after ovulation (Pincus 1965).
It is known that the uterine environment is not of
essential importance for blastocyst survival, im.
plantation and development (Kirby, 1967). This
conclusion is also supported by the occurrence of
ectopic pregnancies in the human. Nevertheless, in
all the species studied, a successful intra-uterine
pregnancy requires a definite hormonal balance and
is characterized by most delicate interrelationships
between the biochemical changes taking place in the
fertilized ovum and those occurring in the endo-
metrium. Discontinuation of steroid stimulation
during as short a time as 20 hours seems to be suf-
ficient to render the endometrium unsuitable for
implantation; blastocysts recovered from rabbits
ovariectomized one day previously cannot become
implanted (Lutwak-Mann, Hay & Adams, 1962).
Also the time sequence of events seems to be under
such rigid control that implantation will not take
place unless the developmental age of the trans-
planted blastocyst is within one day of that of the
endometrium of the host (Chang, 1950).

Implantation is associated with a complex ultra-
structural differentiation of the uterine surface epi-
thelium (Nilsson, 1962, 1966). The process seems to
involve a significant change of the secretory endo-
metrium into a resorptive one (Mayer, Nilsson &
Reinius, 1967; Nilsson, 1967). The endocrine control
of this change is incompletely understood.
The processes leading to the loss of the zona

pellucida are also under the influence of hormonal
factors; in mice this event is significantly delayed
when the ova are retained in the oviducts by ligation,
or when ovariectomy is performed early in pregnancy
(Orsini & McLaren, 1967). Also, mouse blastocysts
retain the zona pellucida longer in lactating females
when implantation is delayed than during normal

pregnancy (McLaren, 1967). Whether these effects
are mediated by hormonal influences on the activity
of acrosomal enzymes remains to be investigated.
On the other hand, in several species the fertilized
ovum survives in the uterus for several months in
a state of arrested development (delayed implanta-
tion). Delayed implantation can also be induced by
the administration of progesterone to animals castra-
ted following mating. When the hormonal balance
is modified by the concurrent administration of oes-
trogen and progesterone, implantation takes place
(Enders, 1963).

It is likely that oestrogenic and progestational
hormones play an important role in the regulation
of many of these events. A knowledge of the action
of these hormones at the cellular level is becoming
of increasing importance and most interesting new
information is now available on the mode of action
of oestrogen in the reproductive tract at the cellular
level (Segal, 1967b; Segal & Scher, 1967). The syn-
thesis of RNA in the endometrium is stimulated by
oestrogen, initially in the nucleus and affecting all
RNA fractions. The hormonal stimulus is antago-
nized by specific inhibitors of DNA-dependent RNA
synthesis (Talwar & Segal, 1963; Gorski & Nelson,
1965). RNA extracted from the uterus of oestrogen-
stimulated rats will induce endometrial stimulation
similar to that induced by oestrogen when introduced
into the uterine lumen of ovariectomized rats (Segal,
1964; Segal, Davidson & Wada, 1965). Blastocyst
nidation in the rat, which is oestrogen-dependent,
also responds to uterine RNA. As indicated above,
ovariectomy together with progesterone treatment
induces delayed implantation in rats. The adminis-
tration to such animals of oestrogen or RNA from
oestrogen-stimulated uteri will induce implantation.
Thus it appears that one of the most important
effects of oestrogen is to initiate a specific pattern of
RNA synthesis. It is of interest that the presence of
intra-uterine devices was reported to induce cha-
racteristic biochemical changes in the endometrium
of women, inter alia, a marked increase in the protein
concentration of the uterine fluid (Kar et al., 1968).
The significance of these changes in preventing im-
plantation remains to be determined.

Since implantation is subject to such a delicate
hormonal balance, it is tempting to assume that it
is relatively easy to interfere with it by the use of
hormonal or pharmacological agents. Indeed, in ani-
mal experiments a great number of organic as well
as inorganic compounds were shown to inhibit
implantation (Jackson, 1964; Pincus, 1965; Morris
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et al., 1967a; Zipper, Medel & Prager, 1968a). It is
believed that some of these agents interfere with im-
plantation by inhibiting the progesterone synthesis
of the corpus luteum (Shelesnyak, 1965; Larsson &
Stensson, 1967; Poulson & Robson, 1963), or by
interfering with histamine at the endometrial level
(Harper, 1967). Whether such compounds interfere
with implantation in the human species remains to
be established. At any rate, the clinical effectiveness
of ergocornine (Lindner, Lunenfeld & Shelesnyak,
1967) and of certain amine-oxidase inhibitors (Banks,
Rutherford & Coburn, 1963) for contraception ap-
pears to be doubtful.

Alteration of the ionic milieu of the endometrium,
on the other hand, might offer a highly efficient
means of contraception. A small copper wire
placed in the lower portion of one uterine horn in
rabbits induces a highly significant decrease in the
number of implantations, without interfering with
the implantation in the contralateral horn (Zipper,
Medel & Prager, 1968b). Preliminary evidence in-
dicates that copper released from a small intra-
uterine device exerts a contraceptive effect also in
women (Zipper et al., 1969). Whether the mode of
action of copper involves the sperm, the endo-
metrium, the blastocyst, or several of these targets,
remains to be elucidated. At any rate, in view of
the available data it can be stated that blastocyst
formation and implantation are vulnerable to a var-
iety of agents and that continued research in this
field may lead to compounds or principles which
can also be applied to the human.
The activity of the human myometrium is also

subject to characteristic changes at the time of nida-
tion (Bengtsson & Moawad, 1967) and might repre-
sent an additional vulnerable point in the reproduc-
tive processes.

EMBRYONIC DEVELOPMENT

A great number of chemical abortifacients are
known which, when administered to experimental
animals, are capable of inducing resorption or
abortion of the early embryo. The present status of
such agents has been reviewed recently (Baker, 1960;
Thiersch, 1962; Jackson, 1964; Einer-Jensen, 1968).
Whether such compounds may find a practical ap-
plication in the future is still an open question.

SPERMIOGENESIS

A prerequisite for fertilization and implantation
is that normal sperm reach the female reproductive

tract. Spermiogenesis is also an intricate process
regulated by both gonadotrophic and steroid hor-
mones. Like many other phases of the reproductive
processes, sperm formation is also vulnerable to a
variety of hormonal and pharmacological agents
(Jackson, 1964; 1966; Jackson & Craig, 1966; Jack-
son & Jones, 1968). It now seems possible to control
male fertility in experimental animals without im-
pairment of sexual activity (Jackson & Craig, 1966).
From the clinical point of view, the possible use of
these compounds in the human seems somewhat
distant at this juncture. It is likely that a major
breakthrough in this particular field must await
the discovery of an agent which inhibits the
motility of sperm but does not interfere with
spermiogenesis.
Attempts to use testicular antigens for immuniza-

tion in order to prevent spermiogenesis in guinea-pigs
(Katsh, 1964), or in humans (Mancini et al., 1965)
have also been reported. However, in this field much
more extensive development seems to be needed
before this type of fertility control can become a
practical proposition in the human. The major dif-
ficulties seem to be related among other things to
the incomplete specificity of the antigens, the prob-
lem of reversibility of the immune reaction and the
side-effects of the adjuvants used. Whether the im-
munological approach to the problem of fertility
control can be solved more easily by the use of
purified gonadotrophins for immunization (Laurence
& Ichikawa, 1968) remains to be seen.

CONCLUSIONS

In a previous paper (Diczfalusy, 1967), the re-
viewer made the following summarizing statement:
" Whereas there is no doubt as to the superior ef-
fectiveness of current methods over that of previous
techniques of fertility control, there is a pressing
need for further improvements of the existing
methods and for the development of new methods
based on different approaches. A prerequisite
for the development of such methods is a greatly
improved knowledge of the physiological factors
influencing the various steps of the reproductive
processes in the human species." During the past
few years, a great deal of new information has
accumulated on various aspects of reproduction,
including the molecular basis of hormone action,
gene-hormone interactions, complex immunological
relationships, and the intricate enzymological
interactions between the fertilized ovum and its
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environment. It becomes increasingly clear that the
reproductive processes are subject to a most complex
and intricate biochemical and hormonal regulatory
mechanism. However, it also becomes evident that

the different phases of these complicated processes
do offer a variety of possibilities for hormonal,
pharmacological and perhaps also immunological
interference.

RJESUM1

PHASES DU PROCESSUS DE LA REPRODUCTION SUSCEPTIBLES D'TTRE CONTROLEES

Au cours de la derniere deennie, les programmes de
planification fami'ia e qu ont ete concus et mis en aeuvre
dtaient fond&e sur 1'hypoth6se que les r6alisations dans le
domaine de a contraception (contraceptifs hormonaux,
dispositits intra-ut6rins, etc.) avaient atteint un haut
degr6 de perfection technique. Depuis lors, on a reuni
suffisamment de donnees pour que ces vues n'appa-
raissent plus comme entierement justifiees. La forte
proportion des abandons, dus A des causes diverses,
enregistres a l'occasion de ces tentatives montre la
necessite imperieuse d'ameliorer les methodes actuelles
et, par des approches differentes du probleme, de mettre
au point de nouveaux procedds de regulation des nais-
sances. Ceci implique que l'on dispose pr6alablement de
donnees beaucoup plus completes sur les facteurs physio-
logiques qui interviennent aux divers temps du processus
de la reproduction dans 1'espece humaine.

S'efforrant de mettre en lumiere les etapes de ce
processus qui se pretent a l'application de methodes
r6gulatrices, 1'auteur fait la synthese de nos connaissances
sur le mecanisme et le fonctionnement physiologiques
d'une serie de fonctions: ovulation et cycle menstruel,
spermiogenese, capacitation des spermatozoides, feconda-
tion, transit tubaire, formation du zygote et du blastocyste,
implantation, et premiers stades du d6veloppement de
l'embryon. 11 est evident que le processus de la reproduc-
tion, a ses differentes phases, est regle par un mecanisme
extremement complexe qui met en aeuvre a la fois des
facteurs biochimiques et des influences hormonales. Par
leur variete meme, les differents chainons du processus
laissent entrevoir de nombreuses possibilites d'interven-
tion faisant appel aux methodes hormonales, pharmaco-
logiques et peut-etre immunologiques.
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