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Non-Steroidal Antifertility Agents Affecting
Brain Mechanisms *

F. PIVA,1 N. STERESCU,' M. ZANISI & L. MARTINI

Many non-steroidal agents prevent ovulation by acting on the nervous structures that
control the secretion ofgonadotrophins. Information on the neuroendocrine factors involved
in the process of ovulation in mammals is presented in this paper and is then used as the
background for explaining the mode of action of drugs which inhibit ovulation through
an effect on the central nervous system. Such drugs are found among the following classes
ofcompounds: CNS depressants, tranquillizers, cholinergic blocking agents, and adrenergic
blocking agents. Although it is unlikely that any of the specific agents discussed in this
paper will have clinical application, because ofassociated behavioural effects, the knowledge
gained by studying the mode of action of these compounds indicates pathways to follow in
the search for new anti-ovulatory drugs.

The non-steroidal agents that prevent ovulation by
acting on the nervous structures that control the
secretion of gonadotrophins are very numerous: only
few of them, however, have been tested and found
effective in humans.

This paper will present a summary of the informa-
tion obtained so far in this field. In the discussion
that follows, the mode of action of non-steroidal
antifertility agents will be emphasized; it is believed
that this will provide indications for the develop-
ment of new classes of safe ovulation-blockers for
human use.
For a better understanding of the mechanisms of

action of these agents we shall:
(1) summarize a few concepts concerning the

neuroendocrine events which intervene in the pro-
cess of ovulation,

(2) provide some evidence on the localization of
the biological clocks (or perhaps only 1 clock) which
initiate the process, and

(3) give some information on the pathways and on
the synaptic mediators involved in transmitting the
stimuli from the clock(s) to the hypothalamus.

Non-steroidal inhibitors usually operate before the
stimulus for ovulation reaches the hypothalamus;
they may either inhibit the brain centres in which the

* From the Department of Pharmacology, University of
Milan, Italy.

1 Ford Foundation Fellow.

stimulus for ovulation originates, or prevent the
transmission of this stimulus to the hypothalamus.
On the contrary, antifertility steroids operate mainly
at hypothalamic level by eliminating the messengers
which are necessary for bringing brain impulses to
the pituitary gland.

NEUROENDOCRINE EVENTS WHICH INTERVENE IN THE
PROCESS OF OVULATION

A complex interplay between hormonal and ner-
vous factors is essential for the induction of ovula-
tion. The following structures are involved in the
process:

(1) the ovary, with its secretory products, oestro-
gen and progesterone,

(2) the pituitary, which releases the three gonado-
trophic principles: follicle stimulating hormone
(FSH), luteinizing hormone (LH) and prolactin-
luteotrophic hormone (LTH),

(3) the hypothalamus, which stimulates (or in-
hibits) the secretion of pituitary gonadotrophins by
releasing into the pituitary portal vessels the specific
chemical messengers FSH-releasing factor (FSH-
RF), luteinizing hormone releasing factor (LH-RF}
and prolactin inhibiting factor (PIF), and

(4) several nervous structures located above the
hypothalamus (e.g., the cerebral cortex, the limbic
system, the amygdala, the hippocampus, etc.).
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The relationships between the structures cited
under (1), (2) and (3) have been the subject of
extensive studies in the last few years and have been
satisfactorily elucidated. Unfortunately, the par-
ticipation of nervous centres located above the
hypothalamus has been given much less attention;
this is surprising, since it is generally recognized
that the neural stimuli which start the process of
ovulation originate outside the hypothalamus
(Everett, 1961, 1964).
The description of the ovulatory cycle which will

be provided here is based mainly on what happens in
" spontaneous ovulators ",' i.e., in those mammals
(for instance, the woman, the rat, the monkey) in
which ovulation is usually independent of sexual
stimuli and is controlled by nervous impulses
originating regularly and " spontaneously " in un-
known regions of the brain that are usually referred
to as " biological clocks ". It is still a matter of dis-
cussion whether only one " clock " is responsible for
the control of the whole process, or whether several
different " clocks " are involved (one for each of the
many rhythmic phenomena that are characteristic of
an ovulatory cycle). In our description only one
" clock " (that controlling the release of FSH-RF)
will be postulated (Martini, 1967); 2 each one of the
events taking place after the release of this factor will
be considered as an automatic consequence of the
preceding one.

1 The process of ovulation in the " reflex ovulators " is
basically similar, the only difference being that in these
species the stimulus does not originate spontaneously in the
biological clock(s) but is evoked by particular peripheral
stimulations. In addition, recent evidence suggests that the
two mechanisms may coexist in the same animals. " Reflex
ovulators " can be induced to ovulate spontaneously if the
appropriate endocrine milieu is provided by treatment with
exogenous hormones (Everett, 1961); on the other hand,
"spontaneous ovulators " may be induced to ovulate in a
"reflex" way under special circumstances (Everett, 1967;
Harrington et al., 1966; Harrington, Eggert & Wilbur, 1967;
Zarrow & Clark, 1968; Zarrow, Campbell & Clark, 1968).
Such a dual possibility probably exists also in women; this
would explain the reports of conception occurring in women
just before, during or immediately after menstruation
(Rubenstein, 1939; Sevitt, 1946).

2 The selection of the biological " clock " controlling the
secretion of FSH-RF as the " first trigger " of the ovulatory
phenomenon is based on recent evidence indicating that the
release of FSH is increased at the time of ovulation in
different species of mammals (rat: Caligaris, Astrada &
Taleisnik, 1967; McClintock & Schwartz, 1968; Goldman &
Mahesh, 1968; Negro Vilar, Dickerman & Meites, 1968;
pig: Parlow, Anderson & Melampy, 1964; ewe: Santolucito,
Clegg & Cole, 1960; sheep: Robertson & Rakha, 1966; cow:
Rakha & Robertson. 1965; monkey: Simpson, Van Wagenen
& Carter, 1956). Evidence obtained in women by using
radioimmunological procedures for evaluating plasma levels
of gonadotrophins also indicates that a peak of FSH
precedes the typical midcycle peak of LH (Faiman & Ryan,
1967; Franchimont, 1966).

The ovulatory cycle begins when the " biological
clock" that controls the secretion of FSH triggers
the release of FSH-RF into the pituitary portal ves-
sels (Fig. 1 and 2). This brings about the release of
amounts of FSH sufficient to permit the maturation
of the ovarian follicle (Bell et al., 1966; Faiman &
Ryan, 1967). At a certain stage of maturation, the
follicle becomes competent to respond to the small
quantities ofLH which are secreted in basal amounts
throughout the cycle (Barraclough, 1967) conse-
quently, the secretion of oestrogen can begin. When
oestrogen reaches a threshold level in the general
circulation, 2 important phenomena occur: (1) the
production of FSH-RF is inhibited, so that FSH is
not secreted any longer (negative feedback effect of
oestrogen) (Faiman & Ryan, 1967; Martini,
Fraschini & Motta, 1968), and (2) the release of
LH-RF is increased (positive feedback effect of
oestrogen) (Motta et al., 1968). A peak of LH
secretion is then achieved, and the rupture of the
follicle and ovulation (which, in most mammals, are
LH-dependent phenomena) occur.
The release of ovulatory amounts of LH is prob-

ably facilitated by the action at hypothalamic level
of the low doses of progesterone (Sawyer, 1967)
which are normally produced throughout the cycle by
the interstitial tissue of the ovary. After ovulation
the corpus luteum develops; this temporary endo-
crine gland is responsible for the secretion of large
amounts of progesterone.3 Progesterone suppresses
the synthesis ofFSH-RF(Martini, Fraschini& Motta,
1968) and keeps FSH secretion at a very low level
during the second phase of the cycle (negative feed-
back effect of progesterone) (Faiman & Ryan, 1967).

After a certain time (which is characteristic for
each species) the process of luteolysis begins;
pituitary as well as uterine factors take part in this
process (Clegg & Doyle, 1967). When the corpus
luteum terminates its function, plasma levels of pro-
gesterone drop abruptly; the disappearance of pro-
gesterone from the circulation eliminates the inhibi-
tion on the synthesis of FSH-RF and permits the
accumulation of this factor in the hypothalamus.
Consequently, when the " biological clock " transmits
to the hypothalamus the stimulus for initiating a new
ovulatory cycle, the messenger essential for activating

aThe production of progesterone is facilitated by the
secretion of pituitary prolactin in those species in which this
principle exerts also a luteotrophic effect, i.e., acts as LTH.
Apparently this does not happen in women. In the mammals
in which prolactin is luteotrophic, its secretion is probably
regulated by a positive feedback effect of progesterone
(Meites, 1966).
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FIG. 1
SCHEMATIC DIAGRAM OF AN OVULATORY CYCLE
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the pituitary is available in sufficient amounts, and
the whole process of ovulation may start again.
The description of the highly automatic process of

ovulation provided in the preceding paragraphs
indicates that the 2 physiological sex steroids, oestro-
gen and progesterone, are used as positive (stimul-
atory) or negative (inhibitory) signals for triggering
or for blocking several hypothalamic events essen-
tial for ovulation. It appears, then, permissible to
suggest that steroidal antifertility agents (which
derive from oestrogen or from progesterone) may
inhibit ovulation by distorting one or more of these
hypothalamic events. It is obvious that if treatment
with an antifertility steroid inhibits the synthesis and
the storage of FSH-RF (or of LH-RF) the primary
stimulus provided by the " biological clock " (or the
secondary one represented by oestrogen) will not
find in the hypothalamus the messengers necessary

for transferring the information down to the pituit-
ary; consequently, ovulatory amounts of gonado-
trophins will not be released. Several sets of data
demonstrate that this is probably the most important
mode of action of contraceptive steroids.

Oestrogen, an essential component of steroidal
antifertility combinations, reduces FSH-RF and
LH-RF stores in the hypothalamus of castrated
female rats (David, Fraschini & Martini, 1965;
Piacsek & Meites, 1966); a preparation containing
the oestrogen, mestranol, and the progestational
agent, norethindrone, decreases hypothalamic FSH-
RF and also LH-RF in normal female rats (Mina-
guchi & Meites, 1967); progesterone is very effective
in reducing FSH-RF stores in normal and castrated
females (Martini, Fraschini & Motta, 1968; Andjus &
Kamberi, 1966); when combined to oestrogen it is
also able to lower the elevated plasma levels of
LH-RF found in hypophysectomized female rats
(McCann et al., 1967).

LOCALIZATION OF THE "BIOLOGICAL CLOCK

WHICH INITIATES OVULATION

Different pieces of evidence suggest that the
biological clock which initiates the process of ovula-
tion resides outside the hypothalamus. Using the
technique of " hypothalamic deafferentation" in the

LI
lureolysis.

end of
progesrerone
secrerion
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FIG. 2
ENDOCRINE PROFILE OF AN OVULATORY CYCLEa
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rat, Halasz & Pupp (1965) and Halasz & Gorski
(1967) were able to show that ovulation does not
occur if all neural pathways reaching the basal
medial hypothalamus have been interrupted; how-
ever, the basal (non-cyclic) secretion of gonado-
trophins is not altered; in deafferented animals
ovarian weight is normal; as expected, the ovaries do
not contain fresh corpora lutea.

In subsequent studies, in which only some of the
fibres reaching the hypothalamus were sectioned
(" partial deafferentation "), it was shown that the
fibres important for ovulation enter the hypothala-
mus from its anterior border (Halasz& Gorski, 1967;
Ramaley & Gorski, 1967; Tejasen & Everett, 1967).
These observations have been interpreted as indicat-
ing that the deafferentation prevents the transmission
of the ovulatory stimulus from the biological clock
to the hypothalamus. However, other interpretations
are also possible. In our laboratory Tima &
Motta have recently shown that 5 days after a com-
plete hypothalamic deafferentation there was no

FSH-RF left in the hypothalamus; this appears
logical since the hypothalamic paraventricular nuclei
in which FSH-RF is synthesized (Mess et al., 1967)
are left outside the cut. In addition, older experi-
ments performed in our laboratory showed that LH-
RF is synthesized in the suprachiasmatic area, i.e.,
in a region which is destroyed both in complete and
in partial hypothalamic deafferentations (Mess et al.,
1967). Accordingly, in deafferented animals, ovula-
tion may be blocked because the messengers necess-
ary for the activation of the release of gonadotrophins
are missing.
More convincing evidence on the extrahypotha-

lamic localization of the " clock " controlling ovula-
tion has been provided by Everett, Radford & Hol-
singer (1964); they showed that ovulation could be
induced in the rat by the electrochemical stimulation
of a large cerebral region which included the anterior
hypothalamus, the medial preoptic area and the
septal complex. These results, even if they do not
definitely show where the biological clock resides,
clearly indicate that the fibres bringing the stimulus
for ovulation to the hypothalamus originate in a
highly diffuse system throughout the septal complex,
and converge while reaching the preoptic region and
the anterior hypothalamic area.

EXISTENCE OF A CHOLINERGIC INPUT

TO THE HYPOTHALAMUS

The presence of acetylcholine in the hypothalamus
and of the enzymes necessary for its metabolism
(choline acetylase and acetylcholinesterases) suggests
that some fibres impinging upon hypothalamic
nuclei may be cholinergic. Abrahams, Koelle &
Smart (1957) presented cytochemical evidence
which indicates that high concentrations of acetyl-
cholinesterases are present in several hypothalamic
cells; Feldberg & Vogt (1948) found high levels of
acetylcholine synthesis in different hypothalamic
nuclei; choline acetylase activity in the hypothalamus
exhibits cyclic variations coincident with the oestrus
cycle (the highest activity being observed in di-
oestrus and the lowest in oestrus) (Kobayashi et al.,
1963), a finding which suggests that hypothalamic
acetylcholine may be involved in the control of the
secretion of gonadotrophins. It has also been shown
that acetylcholine may activate several hypothalamic
functions. The electrophysiological data of Brooks,
Ushiyama & Lange (1962) show that intracarotid
injections of the drug increase the discharge rate of
hypothalamic neurons; acetylcholine and cholin-
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esterase inhibitors (e.g., physostigmine and di-iso-
propyl fluorophosphate) activate the release of the
hypothalamic hormone vasopressin following either
intravenous or intrahypothalamic administration
(Pickford, 1947; Duke, Pickford & Watt, 1950).
It is interesting that vasopressin was believed to be
one of the physiological releasers of gonadotrophins
(Martini et al., 1959); even if this is not accepted any
more, the mechanism of release of vasopressin
probably has close similarities with that of gonado-
trophin releasing factors.

EXISTENCE OF A MONOAMINERGIC INPUT
TO THE HYPOTHALAMUS

Anatomical evidence
Using fluorescence techniques specific for mono-

amines (catecholamines and serotonin [5HT]), Fuxe
and his colleagues have been able to show that
hypothalamic nuclei receive a significant mono-
aminergic input (Anden et al., 1966; Fuxe & Hokfelt,
1967) (Fig. 3). The monoaminergic system, which

FIG. 3
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is believed to play a major role in the control of
hypothalamic functions, has its origin in the rhomb-
encephalon and in the mesencephalon; fibres
arising from cell bodies in these regions enter the
median forebrain bundle and distribute their ter-
minals to the paraventricular and to the suprachias-
matic areas, i.e., to the hypothalamic zones in which
the gonadotrophin releasing factors are synthesized
(Mess et al., 1967). Norepinephrine is the neuro-
transmitter used at the terminals of this mono-
aminergic system.

Biochemical evidence
The existence of a monoaminergic input to the

hypothalamus is confirmed by the demonstration
that adrenergic mediators (mainly norepinephrine),
as well as the enzymes necessary for their synthesis
and catabolism (tyrosine hydroxylase, dopa decar-
boxylase, monoaminoxidase [MAO], etc.) are
present in this region of the brain (Shute & Lewis,
1966). The participation of this monoaminergic
input in the control of gonadotrophin secretion is
suggested by two sets of evidence: (1) changes in the
concentration of norepinephrine in the hypothala-
mus induce marked alterations of gonadotrophin
secretion. For instance, Kobayashi, Uemura &
Matsui (1967) have shown that implants of nor-
epinephrine in the hypothalamus disrupt the oestrous
cycles in female rats (see following sections of this
paper for the effects of drugs that deplete or increase
hypothalamic stores of norepinephrine on the
secretion of gonadotrophins); and (2) the hypotha-
lamic concentrations of norepinephrine and the
activity of the enzymes necessary for its metabolism
vary with the different phases of the oestrous cycle
and following artificial alteration of plasma levels of
sex steroids. Hypothalamic stores of norepinephrine
have been shown to be minimal at oestrus, to rise
during di-oestrus, and to reach maximal levels during
pro-oestrus (Stefano & Donoso, 1967; Kuwabara
et al.'). A similar cyclic pattern has been shown for
hypothalamic MAO (Kuwabara et al.'). According
to some authors, norepinephrine levels in the hypo-
thalamus are increased in female rats by castration
(Donoso & Stefano, 1967; Donoso et al., 1967;
Coppola, 1968) and are restored to normal by treat-
ment with a combination of oestrogen and pro-
gesterone (Donoso & Stefano, 1967). The increase
in hypothalamic norepinephrine following castration

1 Kuwabara, S., Russfield, A., Weisz, J. & Lloyd, C. W.,
in a paper presented at the Forty-ninth Meeting of the
Endocrine Society, 1967.
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has been questioned by Anton-Tay & Wurtman
(1968); however, these authors have reported that
castration increases the turnover of hypothalamic
norepinephrine. This result has been recently con-

firmed by Coppola (1968).

NON-STEROIDAL INHIBITORS OF OVULATION ACTING

ON THE CENTRAL NERVOUS SYSTEM

As stated at the beginning of this paper, non-

steroidal agents which inhibit ovulation through an

effect on the central nervous system (CNS) normally
operate either by suppressing the neural stimulus for
ovulation at its origin, or by inhibiting its trans-
mission to the hypothalamus. Consequently, it is not
surprising that non-steroidal antifertility agents
should belong to the following categories:

(1) anaesthetics and related CNS depressants;
they probably block the neural stimulus at its
origin,

(2) tranquillizers, which probably have a similar
mechanism of action,

(3) cholinergic blocking agents, which eliminate
the transmission in the cholinergic pathways im-
pinging on the hypothalamus, and

(4) adrenergic blocking agents, which eliminate
the transmission in the adrenergic pathways impin-
ging on the hypothalamus. Because of the different
mechanisms through which adrenergic transmission
can be inhibited, this last group of drugs can be
subdivided into the following 4 sub-groups: (a) anti-
adrenergic drugs, (b) depletors of brain catechol-
amines, (c) inhibitors of catecholamine synthesis,
(d) MAO inhibitors.
Each of these classes of compounds will be

discussed separately.

CNS depressants

A list of the CNS depressants tested so far as

possible inhibitors of ovulation is given in Table 1;
since the mode of action of all these drugs is similar,
this discussion will be limited to the barbiturates,
the family of compounds that has been most
extensively studied.

Barbiturates inhibit ovulation both in spontane-
ous ovulators and in reflex ovulators. In order to be
effective in species ovulating spontaneously, barbi-
turates must be given before the so-called critical
period, i.e., before the neurogenic stimulus arising
in the " clock " has reached the hypothalamus, and
started triggering the release of FSH-RF. Everett

TABLE 1
CNS DEPRESSANTS BLOCKING OVULATION a

Drug Species References

Ether Rat Everett & Sawyer (1950);
Sawyer (1959)

Ethanol Rat Sawyer (1963)
Rabbit Saul (1959)

Morphine Human Men ninger-Lerchenthal (1934)
Rabbit Saul (1959)
Rat Barraclough & Sawyer (1955)

Phenobarbital Rat Everett & Sawyer (1950)

Pentobarbital Rat Everett & Sawyer (1949b, 1950);
Zarrow & Quinn (1963)

Rabbit Saul & Sawyer (1957)

Amobarbital Rat Everett & Sawyer (1950)

Allobarbital Rat Everett & Sawyer (1950)

Barbital Hen Fraps & Case (1953)

Probarbital Hen Fraps & Case (1953)

Phenytoin Rat Quinn (1965)

a From Gold & Ganong (1967).

(1961) has shown that the neurogenic stimulus that
activates the release of ovulatory amounts of gonado-
trophins operates in the rat only between 2 p.m. and
4 p.m. on the day of pro-oestrus; during that time
there is a significant release of both LH and FSH,
as indicated by the reduction of the pituitary stores
(Schwartz, 1964; Caligaris, Astrada & Taleisnik,
1967) and by the increase of the plasma levels of
the 2 hormones (Ramirez & McCann, 1964; Schwartz
& Caldarelli, 1965). Barbiturates have been shown
to prevent all these changes when given before the
critical period (Schwartz & Caldarelli, 1965; Cali-
garis, Astrada & Taleisnik, 1967).

Barbiturates are also able to block the ovulatory
response induced by treatment of immature rats
with pregnant mare serum (PMS) gonadotrophin.
In this case also a critical period after which barbi-
turates become ineffective has been described
(Quinn, 1964). The ovulatory response evoked by
PMS has proved very useful for the study of anti-
ovulatory drugs, since it has striking similarities with
the natural process of ovulation. It is generally
accepted that PMS, which is a gonadotrophin with
a high FSH-like activity, operating in conjunction
with the low amounts of LH that are present in the
circulation of prepuberal animals, stimulates the
immature ovary to secrete oestrogen; this oestrogen
surge, through a positive feedback effect, provides
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the stimulus for the release of ovulatory amounts
of LH.
As already mentioned, barbiturates can also block

ovulation in reflex ovulators; it is thus surprising
that these drugs do not inhibit reflex ovulation when
this is induced by sexual stimulation in animals
that normally ovulate spontaneously. Everett (1967)
has recently shown that when the spontaneous
release of the ovulatory quota of gonadotrophins
is blocked by pentobarbital, given prior to the
critical time, a high proportion of the rats ovulate
and become pregnant when placed with vigorous
males. These experiments indicate that the stimulus
to ovulation provided by coitus is able to overcome

the blockage of secretion of gonadotrophins induced
by barbiturates. Two interpretations are possible:
(1) the copulatory stimulus is much stronger than
the spontaneous neural activation, so that barbitur-
ates are unable to inhibit its effects, or (2) the path-
ways which transfer the information for reflex
ovulation are different from those which transmit
the stimulus for spontaneous ovulation; if this is the
case only the spontaneous pathway appears sen-

sitive to barbiturates.
An interesting characteristic of the action of

barbiturates on the brain mechanisms that control
the secretion of gonadotrophins is that these drugs
inhibit the cyclic stimulus for ovulation, but are

unable to block the tonic impulses responsible for the
secretion of basal levels of gonadotrophins. Schwartz
& Caldarelli (1965) and Schwartz & Lawton (1968)
have shown that some LH is secreted also on

the day before pro-oestrus; this LH is believed
to promote the secretion of the oestrogen respons-

ible for mating behaviour, vaginal cornification,
increase of uterine weight, etc. Barbiturates,
administered on the day before pro-oestrus, are

unable to eliminate all these effects of oestrogen;
consequently it is believed that they are also unable
to reduce the basal secretion of LH. It appears

then that 2 functionally separable systems for LH
release exist in the brain; one is responsible for
ovarian steroid secretion and is not susceptible to
barbiturate blockade; the other induces ovulation
and is susceptible to such blockade.

Tranquillizers

The tranquillizer which has been studied in most
detail, with regard to its effects on gonadotrophin
secretion, is chlorpromazine (see Table 2). There are

certain similarities between the effects of this drug
and those of barbiturates. Chlorpromazine has been

TABLE 2
TRANQUILLIZERS BLOCKING OVULATION a

Drug Species References

Chlorpromazine Human Sulman & Winnik (1956);
Whitelaw (1960)

Rat Shibusawa et al. (1955); Barra-
clough & Sawyer (1957); Zarrow
& Brown-Grant (1964)

Meprobamate Rat Aron et al. (1968)

a Modified from Gold & Ganong (1967).

shown to block spontaneous ovulation in the rat only
if given before the critical period (Barraclough &
Sawyer, 1957). It also prevents the ovulation pro-
duced by injections of PMS in immature rats
(Zarrow & Brown-Grant, 1964). Like barbiturates,
chlorpromazine is unable to block reflex ovulation
when this is induced by coitus or by vaginal stimula-
tion in animals which normally ovulate spontane-
ously (Harrington et al., 1966; Harrington, Eggert &
Wilbur, 1967; Zarrow & Clark, 1968; Zarrow,
Campbell & Clark, -1968).
Another tranquillizer which has been shown to

interfere with ovulation is meprobamate (Aron et al.,
1968); this drug also blocks ovulation when admini-
stered before the critical period; in addition, it
enhances the antiovulatory effect of anticholinergic
drugs (Gitsch, 1958).

Cholinergic blocking agents
Everett, Sawyer & Markee (1949) found that

ovulation can be blocked in female rats by injections
of atropine; in order to be effective the drug must
be injected before the critical period (Table 3).

TABLE 3
ANTICHOLINERGIC DRUGS BLOCKING OVULATION a

Drug Species References

Atropine Rat Everett, Sawyer & Markee (1949);
Everett & Sawyer (1949a);
Zarrow & Quinn (1963)

Rabbit Sawyer, Markee & Townsend
(1949);
Saul & Sawyer (1957)

Hen Zarrow & Bastian (1953)
Cow Hansel & Trimberger (1951)

Methantheline Rat Sawyer (1963)
Rabbit Sawyer, Markee & Everett (1951)

Tridihexethyl Rat Gitsch & Everett (1958)
iodide

a From Gold & Ganong (1967).
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Atropine, like barbiturates, prevents the preovula-
tory re!ease of pituitary FSH (Caligaris, Astrada &
Taleisnik, 1967). Other anticholinergic agents which
are able to block ovulation in the rat if administered
before the critical period include methantheline
bromide and tridihexethyl iodide (Sawyer, 1963;
Gitsch & Everett, 1958).

Atropine and methantheline are able to prevent
post-copulatory ovulation in the rabbit (Sawyer,
Markee & Everett, 1951), a result which suggests
that cholinergic stimuli are required for ovulation
also in reflex ovulators. Atropine also blocks ovula-
tion in the cow (Hansel & Trimberger, 1951) and in
the hen (Van Tienhoven, 1955).

Adrenzergic blocking agents
Antiadrenergic drugs. Adrenergic blocking agents

(dibenamine, phenoxybenzamine and N[2-chloro-
ethyl]-N-ethyl-9-fluorenamine hydrochloride) have
been shown to block ovulation in spontaneous as
well as in reflex ovulators (Table 4). As in the case of
CNS depressants, tranquillizers and anticholinergic
drugs, the time at which adrenergic blocking agents
are administered is important; if given after the
critical period they are ineffective. The concept dis-
cussed in previous sections in this paper, that non-
steroidal antifertility agents operate before the sti-
mulus for ovulation reaches the hypothalamus, is
supported by the observation that antiadrenergic
drugs do not block ovulation induced by the elec-
trical stimulation of the hypothalamus (Sawyer,
1963).

TABLE 4

ANTIADRENERGIC DRUGS BLOCKING OVULATION a

Drug Species References

Dibenamine Rat Everett, Sawyer & Markee
(1949)
Everett & Sawyer (1949a)
Sawyer, Everett & Markee
(1949)
Zarrow & Quinn (1963)

Rabbit Sawyer, Markee & Hollins-
head (1947); Sawyer, Mar-
kee & Townsend (1949)

Hen Van Tienhoven, Nalbandov
& Norton (1954)

Phenoxybenzamine Rat Moore (1961)

N(2-chloroethyl)-N- Rat Sawyer, Markee & Everett
ethyl-9-fluorenamine (1950)
hydrochloride Rabbit Sawyer, Markee & Everett

(1950)
Hen Zarrow & Bastian (1953)

a From Gold & Ganong (1967).

It must be noted that all the antiadrenergic agents
studied so far belong to the " alpha " type; it would
be important to know whether drugs able spocifi-
cally to antagonize the effects of adrenergic mediators
on " beta " receptors (e.g., propranolol and its deriva-
tives) may also inhibit the release of gonadotrophins.
Normally " beta " blockers have fewer side-effects
than "alpha" blockers; this might facilitate their
use for the control of ovulation in humans.

Depletors of brain catecholamines. Among de-
pletors of brain monoamines interfering with ovula-
tion, reserpine is certainly the compound on which
most data have been accumulated, and this drug will
be used as an example in the following discussion.
In many mammals (including humans) reserpine has
been reported to block ovulation and to suppress the
secretion of FSH and LH (Gaunt et al., 1954; De
Feo & Reynolds, 1956; Barraclough & Sawyer,
1959; Khazan, Sulman & Winnik, 1960). The drug
appears to inhibit spontaneous ovulation (Meyer-
son & Sawyer, 1968) as well as PMS-induced ovula-
tion (Coppola et al., 1965; 1966). Because several
pharmacological effects of reserpine are linked to the
depleting effect that the drug exerts on brain mono-
amine stores, explanation of its antiovulatory action
by this mechanism has also been attempted. Un-
fortunately reserpine simultaneously depletes the
brain stores of norepinephrine and of 5HT so that it
is not possible to establish whether the transmitter
involved in the control of gonadotrophins is adrener-
gic or serotoninergic (Coppola, 1968; Coppola,
Leonardi & Lippmann, 1966; Lippmann et al., 1967;
Meyerson & Sawyer, 1968). This point has been
partially clarified by using specific depletors of each
of these amines. Coppola et al. (1965) and Coppola,
Leonardi & Lippmann (1966) have found that, in
addition to reserpine and to methyldopa (another
drug which, like reserpine, simultaneously depletes
norepinephrine and 5HT), syrosingopine and tetra-
benazine (which reduce only brain stores of norepine-
phrine) are also able to suppress ovulation in im-
mature rats treated with PMS. On the other hand
p-chloro-N-methylamphetamine (a depletor specific
for 5HT) does not reduce the incidence of ovulation.
Tyramine, bretylium and aminocaproic acid (de-
pletors of peripheral stores of catecholamine which
do not modify brain norepinephrine) are also withou
effect on the incidence of PMS-induced ovulation
(Table 5) (Coppola, Leonardi & Lippmann, 1966;
Coppola, 1968; Lippmann et al., 1967). These data
suggest that the mediator involved in the control of
the secretion of gonadotrophins in the rat is prob-
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TABLE 5
INFLUENCE OF VARIOUS NOREPINEPHRINE AND SEROTONIN DEPLETORS ON PMS-INDUCED OVULATION

IN IMMATURE RATSa

No. of rats Average no.
Treatment ovulated/no. ova/ovulating Type of depletor References

of ratst.eatedj rat ± S.E.

Control 32135 12±1

Reserpine 0/24 0 Brain and peripheral norepinephrine Bertler, Carlsson & Rosengren
(0.4 mg/kg) and serotonin (1956); Shore, Silver & Brodie(1956)
Methyldopa 0/18 0 Brain and peripheral norepinephrine Hess et al. (1961); Porter, Totaro &
(300 mg/kg) and serotonin Leiby (1961)
Syrosingopine 0/12 0 Brain and peripheral norepinephrine Brodie, Spector & Shore (1959);
(10 mg/kg) Garattini et al. (1959)
Tetrabenazine 0/21 0 Brain norepinephrine Pletscher, Brossi & Gey (1962); Bro-
(15 mg/kg) die, Spector & Shore (1959)
p-Chloro-N- 12/17 9+1 Brain and peripheral serotonin Pletscher et al. (1963) ;
methylamphetamine Lippmann & Wishnick (1965)
(25 mg/kg)

Tyramine 13/15 12±1 Peripheral norepinephrine Trendelenburg (1961); Bhagat (1964)
(15 mg/kg)

Guanethidine .15/17 11±2 Peripheral norepinephrine Cass & Sbriggs (1961); Gillis & Nash
(30 mg/kg) (1961)
Aminocaproic acid 14/17 10±1 Peripheral norepinephrine Lippmann & Wishnick (1965)
(300 mg/kg)

a From Coppola, Leonardi & Lippmann (1966).

ably norepinephrine. This is confirmed by the results
obtained using reserpine in conjunction with MAO
inhibitors; the administration of iproniazid, pheni-
prazine (Coppola, Leonardi & Lippmann, 1966;
Coppola, 1968), nialamide or pargyline (Meyerson
& Sawyer, 1968) prevents both the depletion of
brain norepinephrine and the inhibition of ovulation
induced by reserpine (Table 6).

TABLE 6
PREVENTION BY IPRONIAZID OF THE DEPLETION OF

HYPOTHALAMIC NOREPINEPHRINE
AND OF THE BLOCKAGE OF OVULATION CAUSED BY

RESERPINE (IN PMS-TREATED IMMATURE RATS) a

Treatment Norepinephrine No. of rats ovulated/raAg/g ± S.E. no. of rats treated

Control 0.83 ± 0.04 12/14

Reserpine 0.58 ± 0.02 0/13

Iproniazid 1.50 ± 0.07 14/16

Iproniazid +
reserpine 1.47 ± 0.07 11115

a From Coppola, 1968.

Similar conclusions have been reached by Van
Maanen & Smelik (1968) who used a completely
different approach; they have shown that implanta-
tion of minute amounts of reserpine into the hypo-
thalamus blocks ovulation; systemic treatment with
the MAO inhibitor iproniazid completely prevents
the effect of reserpine implanted in the brain. Since
the implants of reserpine were able to deplete cate-
cholamines only in a small area of the hypothalamus,
these data are consistent with the hypothesis that an
adrenergic system is involved in the hypothalamic
regulation of the secretion of gonadotrophins.

Inhibitors of catecholamines synthesis. Additional
support for the thesis that there is a relationship be-
tween the stores of hypothalamic catecholamine and
gonadotrophin secretion has been provided by the
use of inhibitors of the enzymatic synthesis of
catecholamines. Alpha-methyl-p-tyrosine, an in-
hibitor of catecholamine synthesis which reduces
hypothalamic stores of norepinephrine, has been
shown to block spontaneous as well as PMS-
induced ovulation; the drug is effective in rats,
hamsters and mice (Lippmann et al., 1967; Brown,
1967b; Lippmann, 1968). Pretreatment with the
MAO inhibitor iproniazid prevents alpha-methyl-p-
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TABLE 7
PREVENTION BY IPRONIAZID OF THE DEPLETION

HYPOTHALAMIC CATECHOLAMINES
AND OF THE BLOCKAGE OF OVULATION CAUSED

a-METHYL-p-TYROSINE
(IN PMS-TREATED IMMATURE RATS)

OF

BY

Treatment Catecholaminelevel No.of rats ovulated//Ag/g ± S.E. no. of rats treated

Control 1.29 ± 0.13 8/10

a-Methyl-p-tyrosine 0.70 ± 0.10 0/10

Iproniazid 1.92 ± 0.11 9/10

Iproniazid +
a-Methyl-p-tyrosine 1.83 ± 0.12 8/13

a From Lippmann et al. (1967).

tyrosine from reducing norepinephrine stores and
counteracts the effects of the drug on ovulation
(Table 7).

Inhibitors of monoaminoxidase. The data dis-
cussed in the previous sections of this paper, which
indicate that the release of gonadotrophins depends
on the sympathomimetic tone of the hypothalamus,
suggest that MAO inhibitors should facilitate
ovulation by enhancing hypothalamic stores of
monoamines. This, however, has been proved not
to be the case (Meyerson & Sawyer, 1968). Inhibi-
tion of MAO activity and increased hypothalamic
stores of catecholamine have been found coupled
either with the normality or with the inhibition of
ovulation. The discrepancy between the two groups
of results may be due either to the fact that anti-
MAO agents block ovulation for reasons inde-
pendent from their effects on brain catechol-
amines stores, or to some methodological dif-
ferences (it appears, for instance, that MAO in-
hibitors block spontaneous but are ineffective on
PMS-induced ovulation). Meyerson & Sawyer (1968)
have found that the MAO inhibitor pargyline blocks
spontaneous ovulation in the rat if given prior to the
critical period. Experiments with pargyline in com-
bination with monoamine precursors have shown
that the effect of pargyline on ovulation is not
brought about by increased monoamine levels. This
has been confirmed using other MAO inhibitors
(tranylcypromine, iproniazid, pheniprazine, etc.) in
rats and hamsters (Alleva & Umberger, 1966;
Alleva, Overpeck & Umberger, 1965; 1966); in
animals in which ovulation was blocked hypothala-
mic stores of norepinephrine were either increased or

decreased. More consistent was the increase in 5HT
found in the hamster, so that it has been suggested
that a serotoninergic pathway might be involved in
the control of gonadotrophin secretion in this species
(Alleva, Overpeck & Umberger, 1966). It is interest-
ing that MAO inhibitors could also block ovulation
in hamsters, a species resistant to other families of
compounds (barbiturates, chlorpromazine, etc.).
PMS-induced ovulation has been found not to be

influenced by the MAO inhibitors iproniazid, pheni-
prazine and pargyline (Coppola, Leonardi & Lipp-
mann, 1966; Lippmann et al., 1967).

Serotonin blocking agents

Very little work has been done towards establishing
the role of 5HT in the control of gonadotrophin
secretion. Evidence for the participation of 5HT in
such a control includes the demonstration that (1)
oestrogen increases brain serotonin content (Kato,
1959); (2) 5HT causes ovarian atrophy in adult mice
(Robson & Botros, 1961); and (3) 5HT delays the
onset of first ovulation when injected into the third
ventricle of immature female rats (Corbin & Schotte-
lius, 1961). The effects of serotonin on ovulation
apparently depend on the type of test used; sero-
tonin has been reported to suppress ovulation in
PMS-treated immature rats (O'Steen, 1964, 1965;
Brown, 1967a) but to be ineffective on spontaneous
ovulation (Brown, 1967a). It is interesting that this
pattern is opposite to that found following MAO
inhibitors. At the moment it appears difficult to
combine the two sets of results; however, it cannot be
disregarded that some authors believe that the effects
of anti-MAO agents on ovulation are linked to their
effects on brain serotonin levels (Alleva, Overpeck &
Umberger, 1966).

Serotonin antagonists (e.g., lysergide and methy-
sergide) cause a consistent and significant reduction
in the incidence of ovulation induced by PMS
(Brown, 1967a).

CONCLUSIONS

The data summarized in this paper indicate that
several non-steroidal agents are able to block ovula-
tion through an action on the nervous structures
that control the secretion of gonadotrophins. It is
shown that the mode of action of these drugs is quite
different from that of antifertility steroids; steroids
act primarily on the hypothalamus, while non-
steroidal agents operate either on the " biological
clock " in which the stimulus for ovulation arises, or
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on the transmission of ovulatory impulses from the
" clock" to the hypothalamus.
One limitation of the data discussed is that the

antiovulatory effect of non-steroidal drugs has been
studied practically only in laboratory animals; very
little is known on their effects in man. In addition,
their effectiveness has been shown to vary from spe-
cies to species; for instance, barbiturates, chlorpro-
mazine and reserpine block ovulation in the rat, but
are ineffective in the hamster. Because of this, an
extensive comparative study of the activity of non-
steroidal agents in several species (including pri-
mates, which have been completely disregarded up to
now) would be desirable.

Probably none of the pharmacological agents
described in this paper will have clinical application;

CNS depressants, major tranquillizers, anticholiner-
gic and antiadrenergic drugs, all have behavioural
effects which will prevent their utilization for anti-
fertility purposes. It is, however, encouraging that
the work done with these drugs has permitted
several of the nervous mechanisms involved in
ovulation to be elucidated, and has indicated the
pathways to follow in the development of new anti-
ovulatory drugs. The problem may now be ap-
proached in a direct fashion. A better knowledge of
the role played in the control of ovulation by extra-
hypothalamic structures, by the chemical transmit-
ters which bring the information from these struc-
tures to the hypothalamus, and of the cholinergic
and adrenergic receptors involved will certainly
facilitate such a task.
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RESUM1E

SUBSTANCES CONTRACEPTIVES NON STEROYDES AGISSANT SUR LES MtCANISMES CEREBRAUX

La premiere partie du present article expose sous une
forme condensee les conceptions actuelles concernant les
facteurs neuro-endocriniens impliques dans le processus
de l'ovulation. Ce processus fait intervenir l'ovaire et
ses secretions cestrogenes et progestagenes, I'hypophyse
et ses gonadotrophines, l'hypothalamus qui stimule ou
inhibe la secretion des gonadotrophines grace a ses
facteurs de liberation specifiques, et enfin plusieurs
structures nerveuses, localisees au-dessus de l'hypotha-
lamus, dont le r6le est moins bien connu.
A la difference des steroides, les contraceptifs non

steroides agissent ordinairement avant que le stimulus
d'ovulation n'atteigne l'hypothalamus, soit en inhibant
les centres cerebraux oui le stimulus prend naissance, soit
en empechant sa transmission a l'hypothalamus. On peut
classer les substances non stdroides qui inhibent l'ovu-
lation au niveau du systeme nerveux central chez les
mammiferes en differentes catdgories suivant leur mode
d'action: a) les anesthesiques et les depresseurs du
systeme nerveux central, qui suppriment des son origine
le stimulus nerveux declenchant l'ovulation; b) les
tranquillisants, dont le mode d'action est probablement

similaire; c) les substances 'a action anticholinergique,
qui interrompent la transmission du stimulus dans les
fibres cholinergiques parvenant aux noyaux hypothala-
miques; d) les substances a action antiadrenergique, qui
inhibent l'ovulation en agissant sur les fibres adrdner-
giques, et qui, selon le mecanisme d'interruption de la
transmission, peuvent etre rangees en quatre sous-
groupes: les antiadrenergiques proprement dits, les
depletifs des catecholamines cerebrales, les inhibiteurs
de la synthese des catecholamines et les inhibiteurs
de la monoamine-oxydase; e) les antagonistes de la
serotonine.

Les proprietes anti-ovulatoires des substances non
steroides ont ete etudiees de fagon quasi exclusive sur
des animaux de laboratoire. Leur action chez l'homme
est tres peu connue et, en raison de leurs effets sur le
comportement, il est peu probable qu'elles fassent l'objet
d'applications cliniques. Les travaux qui leur ont ete
consacres ont cependant permis d'elucider plusieurs
des mecanismes nerveux intervenant dans l'ovulation
et ouvert la voie a la recherche de nouveaux contra-
ceptifs.
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