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Session 1

Mode of Action of Gonadotrophins and Progestagens

Chairman: Dr K. D. BAGSHAWE

Some factors influencing the action of gonadotrophins in vivo. J. S. M.
Hutchinson, Department of Chemical Pathology, St. Thomas's Hospital Medical
School, London, S.E. 1.

Radioimmunosorbent assay for LH and FSH, its application to
gynaecology and the study of the site of action of clomiphene. J.
Newton, Department of Obstetrics and Gynaecology, Kings' College Hospital, London,
S.E.5.
The principle of radioimmunoassay using immunosorbents involves the
coupling of anti-LH and anti-FSH antisera to either micro-crystalline cellulose
or ultrafine sephadex. This method has previously been described by Wide &
Porath (1966).

The values for lh levels in twenty normal cycles show a clear ovulation peak
(mean value: 125) and a higher mean follicular phase level (35 U/24 hr) than
the mean luteal phase value (25 U/24 hr). fsh excretion in fifteen normal
cycles shows two clear peaks, one early in the follicular phase and the other
coinciding with the lh peak.

Continuous collection of urine samples in men over a 28-day period shows a

steady icsh excretion, with no clear cyclical pattern (mean value: 35 U/24 hr).
These normal results are discussed in more detail elsewhere (Newton, 1969).

In addition to radioimmunosorbent assay, the Brown semi-automatic
method for total urinary oestrogens has also been studied, the results in eleven
normal cycles are given and these two assays have been used to study various
gynaecological conditions in patients taking clomiphene.

Sixty-six patients with 2° and Io amenorrhoea have been screened for lh and
oestrogens (minimum number of samples/patient = 5), these show no definite
pattern, though the majority of 2° amenorrhoea patients have a lh value below
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100 U/24 hr. There was no correlation between the lh and oestrogen values
and the length of amenorrhoea.

The evidence for the site of action of clomiphene on the ovary and the
hypothalamic-pituitary axis is reviewed. Our results confirm that clomiphene
does not act by increasing oestrogen production from the ovary.

Seven males have been given clomiphene. In all, an increase in lh was seen

before the end of treatment. In eight patients with 2° amenorrhoea, lh and fsh

levels increased before the end of treatment and before there was any increase
in total oestrogen excretion.

Further information will be available on these patients when we have
completed the analysis of plasma levels for lh, fsh, gh and acth. This will
enable further light to be thrown on the exact method of action that clomiphene
has on the hypothalamic-pituitary axis.
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Action of gonadotrophin on the ovary in vivo. D. T. Baird, Department of
Obstetrics and Gynaecology, University of Edinburgh, Edinburgh EH3 9ER.

The influence of two different doses of HMG in counteracting the
inhibitory effect of an oral contraceptive observed at laparotomy.
P. Pujol-Amat andj. M. Urgell-Roca. Department of Obstetrics and Gynaecology,
Hospital de San Pablo, Barcelona, Spain.
The ovulation inhibiting properties of ethynodiol diacetate plus mestranol in
normally ovulating women has been shown by direct inspection of the ovaries
and histological examination of ovarian biopsies (Pujol-Amat, Urgell-Roca,
Esteban-Altirriba & Márquez-Ramírez, 1969).

A group of forty fertile women has been simultaneously treated with the
above contraceptive for one or several cycles and two different doses of hmg.

Twenty women received a total of 1420 i.u. of fsh (two ampoules a day, starting
on Day 5 or 6 of the cycle for 10 days) followed by 15,000 i.u. of hcg in the last
cycle of treatment with the contraceptive. The other twenty women received
a total dose of 710 i.u. of fsh (one ampoule a day for 10 days). All women were

operated upon from the 20th to 27th day of the last cycle and the ovaries were

observed and ovarian biopsies were taken for histological examination. Preg-
nandiol urinary excretion was determined in some women. In addition, recent

corpora lutea found at laparotomy were incubated in vitro with [l-14C]acetate.
From the twenty women of the first group, six women presented oversti-

mulation and two women presented only one recent corpus luteum. In the
second group, five women were overstimulated and two presented one corpus
luteum.

Our results seem to indicate : ( 1 ) The ovaries of normal women inhibited
with the contraceptive present a wide individual variation in response to

gonadotrophin stimulation. This is similar to that found in women treated with
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HMG for anovulation. (2) The women who did not respond to hmg probably
needed a higher dose than that administered. (3) The functions of the corpora
lutea found under contraceptive plus gonadotrophin treatment seem to be
normal as shown by the pregnandiol excretion and the conversion of [1-14C]
acetate into progesterone (further studies are needed to reach definitive con¬
clusions on this point). (4) The main mechanism of action of the contraceptive
seems to be that of inhibition of gonadotrophins, and probably there is little or
no direct effect on the ovaries.

REFERENCE

Pujol-Amat, P., Urgell-Roca, J. M., Esteban-Altirriba, J. & Márquez-Ramírez, M. (1969)
Gynaecologia, 167, 237.

Some effects of FSH at the cellular level. Margaret Ryle, Department of
Clinical Endocrinology, Birmingham and Midland Hospitalfor Women, Birmingham 11.

Session 2
Chairman: Dr J. K. GRANT

Progestagens and their relationship to the central nervous system.
G. W. Harris and R. M. Sherratt, Department of Human Anatomy, University of
Oxford, South Parks Road, Oxford 0X1 3QX, and Westminster Hospital MedicalSchool,
Horseferry Road, London, S. W. 1

Dynamic aspects of progesterone metabolism. R. B. Heap. ARC
Institute ofAnimal Physiology, Babraham, Cambridge
Recent biochemical studies suggest that the mode of action of progesterone is
complex and, in consequence, a unitary hypothesis to describe its effects in
different tissues is unlikely to be adequate. For example, in the chick oviduct,
progesterone stimulates the synthesis of a specific protein, avidin (O'Malley,
1967), but in mouse mammary expiants it inhibits the synthesis of a specific
protein by blocking the prolactin-induced production of a-lactalbumin, a

component of lactose synthetase (Turkington & Hill, 1969). In the latter
experiments, it was shown that the inhibition ofa-lactalbumin synthesis occurred
at progesterone levels similar to those found in blood during pregnancy. In
view of the significance of tissue progesterone concentrations in the mode of
action of this hormone, we are studying the kinetics of metabolism in target
organs such as the mammary gland and uterus at different times of the repro¬
ductive cycle and its relation to the rate of metabolism in the whole body.

It has been found that in common with oestrone, androstenedione and preg-
nenolone, the metabolic clearance (MCR) of progesterone is high, in man

exceeding 2000 1/day or 30 to 35 1/day/kg body weight (Little, Tait, Tait &
Erlenmeyer, 1966). In the conscious sheep and goat, we have found slightly
higher values of 40 to 45 1/day/kg. In the non-pregnant guinea-pig, however,
the MCR in anaesthetized animals was at least twice as high, about 100 1/day/kg.

Relatively small changes have been observed in the MCR of progesterone at
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different times of the reproductive cycle in man (Little et al., 1966) and sheep
(Harrison & Heap, unpublished data) but in the pregnant guinea-pig, within
20 days of mating, the MCR decreased by a factor often (Illingworth, Heap &
Perry, unpublished data), while arterial progesterone levels increased by an
even greater amount (Heap, Perry & Rowlands, 1967). Preliminary experi¬
ments on the binding of progesterone by plasma proteins suggest that these
changes may be related to the production of a specific, high-affinity protein
(association constant 1  IO-8 1/mole). Moreover, the rapid changes in proges¬
terone metabolism that occur mainly between Days 15 and 20 coincide with
the establishment of allantochorionic placentation and they overlap the critical
time when the maintenance of gestation is especially dependent upon circu¬
lating progesterone (see Deanesly, 1963).

The kinetics of progesterone metabolism in the mammary gland has been
studied in the goat, a species in which progesterone and oestrogen are essential
for normal mammary development (Cowie, Folley, Malpress & Richardson,
1952). When labelled progesterone was infused for up to 4 hr at various times
of the reproductive cycle, mammary extraction was appreciable. At equilibrium,
when the concentration of isotopie progesterone in arterial and venous blood
was constant, a balance sheet of metabolism across the gland showed that the
quantity of steroid decreased by about one-half and labelled metabolites in¬
creased two-fold. The isotope concentration in mammary tissue, however, was

very low and approximately equal to the amount extracted every minute,
5xlO-10 moles/kg and 2xlO~10 moles/min, respectively (Heap, Linzell &
Slotin, 1969). Experiments on the uterus of the sheep, however, indicated that
extraction by, and concentration in, the myometrium and endometrium were

both low, unlike the mammary gland in the goat in which extraction was high
but tissue concentration was low.

The evidence shows, therefore, that progesterone is rapidly metabolized in
several species studied so far with the exception of the pregnant guinea-pig in
which metabolism is low. The mechanism of action in target organs such as the
uterus and mammary gland only appears to be related to the presence of
catalytic tissue concentrations (Lawson & Pearlman, 1964; Laumas, 1968). In
this respect, the rate of metabolism and its influence on effective tissue concen¬
trations ofprogesterone and its metabolites, is particularly relevant to the mode
of action of this hormone.
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Mechanism of action of progestagens on body weight and composition
of female rats. G. R. Hervey, Elizabeth Hervey and J. Jeffery, Department
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of Physiology, University ofLeeds, Leeds, and Department ofChemical Pathology, Univer¬
sity of Aberdeen, Aberdeen.
Administration of progesterone to female rats causes increases in body weight
and changes in body composition (Hervey & Hervey, 1967). The effect is
dose-related up to a maximum effect, and this maximum closely resembles the
effect of ovariectomy (Hervey & Hervey, 1966). The progesterone effect
depends upon the presence of an ovary (Hervey & Hervey, 1964, 1965a), and is
off-set by administration of oestradiol (Hervey & Hervey, 1965b; Hervey,
Hervey, Hutchinson & Jeffery, 1969) or pregnant mares serum gonadotrophin
(Hervey et al., unpublished observation). It is suggested that the effect of
progesterone on body weight and composition, is, in fact, the effect of oestrogen
withdrawal, which it brings about by suppressing follicle-stimulating hormone
secretion, perhaps by action at the hypothalamus.

Certain progestational agents, other than progesterone, have a progesterone¬
like effect on body weight and composition (Hervey, Hervey & Jeffery, 1967,
1968; Hervey et al., 1969; and unpublished work), but most of the better-known
synthetic progestagens cause different types of change, or no change. The chemi¬
cal group occupying the 17a-position of the progestagen molecule greatly
influences this, and among non-oestrogenic progestagens there is no simple
relationship between progesterone-like effects on the uterus and on the body
weight. This different receptor specificity affords possibilities for the control of
fertility.
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The effect of progestagens on amino sugar metabolism in endome-
trium. I. D. Cooke and J. A. Abo-Darub. Department of Obstetrics and Gynae¬
cology, Welsh National School of Medicine, and Tenovus Institute for Cancer Research,
Heath, Cardiff.
A preliminary study of the direct effect of synthetic steroids on human endome-
trium has been undertaken. Endometrium was obtained at curettage or from
hysterectomy specimens and set up in organ culture. After 3 to 4 days, 0-5
pCi [l-14C]D-glucosamine hydrochloride was added to replicate cultures alone
and together with combinations ofoestradiol-17)8, progesterone, chlormadinone
acetate, medroxy-progesterone acetate and ethynodiol diacetate, each to a

final concentration of IO-9 M. The endometrial metabolism of precursor
amino sugar was assessed by its 72-hr incorporation into extra-cellular ice-cold
trichloroacetic-acid-precipitable macromolecular material and expressed as

counts/min/mg protein. Survival and function of cultures was checked by
histology. This technique gives a measure of endometrial glandular mucus
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formation and release in vitro and attempts to estimate the direct influence of
these synthetic steroids on it.

There was substantially greater incorporation of labelled precursor during
the secretory phase than during the proliferative phase. The synthetic steroids
alone in the proliferative phase tended to stimulate incorporation ; in the secre¬

tory phase the synthetic steroids in the presence of progesterone stimulated
incorporation and depressed it in the presence of both oestradiol-17ß and
progesterone.

This work is supported by Tenovus.

The effects of progestagens on cervical mucus. M. Elstein, Department
of Obstetrics, Charing Cross Hospital, London, W.C.2.
The characteristic changes in the physical properties and biochemistry of
cervical mucus at mid-cycle, which are associated with ready sperm invasion
of the upper genital tract, do not occur while combined oestrogen-progestagen
contraceptives are taken. The mucus has the properties of the progestational
phase and these provide an ancillary protective rôle should the occasional
break-through ovulation occur. In this event, during the administration of the
sequential and serial formulations, the added protection from cervical mucus
is absent because the mucus is under the influence of oestrogen.

The concept that small doses of continually administered progestagens could
exert a contraceptive action by inducing a subtle change in the endocrine
balance is currently being exploited. It appears, however, that such 'mini-
pills' differ in their effects. The 17-acetoxy progestagens appear to act primarily
by affecting the cervical mucus and by inducing a local block to sperm invasion
of the upper genital tract. On the other hand, norgestrel alters ovarian steroido-
genesis and the effects on cervical mucus are minimal. Quantitative and quali¬
tative changes in the glycoproteins and smaller proteins appear to be involved
in the biochemical phenomena underlying these physical properties which are

hormonally controlled. There are also indications from preliminary studies on
the ultrastructure of the mucus that there are differences in the way in which
the organic material orientates itself in the various hormonal states.
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