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Summary: Specific binding of oxytocin to high affinity sites in endometrial membrane preparations
has previously been shown in sheep. Endometrial tissue preparations from 27 'normal' women of proven
fertility were incubated with tritiated oxytocin and the existence of significant binding sites in human
endometrium was shown. Furthermore, the level of binding sites underwent a cyclical variation with the
highest concentration of binding at midcycle. A cyclical pattern of binding site concentration not unlike
that found in the normal women was shown in 19 subfertile patients taking clomiphene.
However, in 20 subfertile patients not taking clomiphene, no cyclical pattern emerged with significantly
lower levels of binding sites in the mid-portion of the cycle (P < 0.02) and significantly higher levels in the
mid-late luteal phase (P < 0.01), as compared to the normal women. In the mid-portion of the cycle levels
were significantly lower in the subfertile patients not taking clomiphene (P < 0.03) as compared to those
taking clomiphene. No significant differences were shown between the normal women and those patients
taking clomiphene.

Introduction

Although one or more causes can now be identified
for many cases of subfertility, there remains a
substantial proportion of patients whose primary
subfertility is unexplained.' It is possible that some
of these women may have subtle defects in the
endometrium that do not enable the tissue to
respond adequately to hormones secreted by normally functioning ovaries. Indeed, a defect in the
ability of cells to take up progesterone into the
nucleus2 and a significantly lower level of
cytoplasmic progesterone receptors have been described in endometrium from such women.3 Progesterone receptor synthesis is a product of normal
oestradiol activity, and it has been shown in rabbit
uterine tissue that synthesis of specific binding sites
for oxytocin is also stimulated by oestradiol, and
repressed by progesterone.4
Oxytocin is produced and secreted by the
posterior pituitary gland and this is involved,
through high affinity binding sites in the mammary
glands5 and myometrium,6 in the processes of
lactation and parturition. Recently, however, it has
been shown that the corpus luteum, at least in the
ewe, is capable of synthesizing oxytocin7 and thus
may play a role in the normal control of fertility by
action on oxytocin receptors which have been
found to be present in the endometrium.8 Oxytocin
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has been shown to stimulate the production of
luteolytic PGF29 and during luteal regression in
sheep, intermittent surges of PGF2 secretion from
endometrium are accompanied by similar surges of
plasma oxytocin.'0 In view of the close relationship
of oxytocin receptor concentrations to the steroid
hormones, we have studied the binding of oxytocin
to endometrial material in both fertile and subfertile women in an attempt to understand more about
the role of the peptide hormone in the human.
Patients and methods
Patients

Endometrial tissue was obtained by dilatation and
curettage from 66 women attending the University
Hospital, Nottingham. Normal tissue was obtained from 27 patients admitted for sterilization who
had had at least one full-term pregnancy. They
were not taking steroidal contraceptives nor using
an intrauterine contraceptive device. Tissue was
also obtained from 39 patients with primary
subfertility. All 39 patients had a normal pelvis at
laparoscopy with fallopian tube patency as demonstrated by bilateral spill of dye. Consort's semen
analysis was within the laboratory's quoted normal
limits. Nineteen of the 39 patients were taking the
anti-oestrogen drug clomiphene. In all 66 patients
serum oestradiol and progesterone levels were
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consistent with stated day of cycle, as was histological dating of endometrial tissue.
Part of the curettage material was put in formol
saline for histological examination, and the remainder frozen at - 20'C. Peripheral blood was
taken from every patient within 24 hours of
operation and serum oestradiol and progesterone
concentration measured.

Results

The mean ages of the three groups + s.e.m. were
normal women 33.4 ± 0.8 years, subfertile women
not taking clomiphene 28.6 ± 0.6 years, subfertile
women taking clomiphene 28.2 + 0.6 years.
Figures 1 and 2 indicate the serum steroid concentration (mean values ± s.e.m.) in normal women
(N), subfertile patients not taking clomiphene (I)
Methods
and subfertile patients taking clomiphene (IC). The
number of patients in each group is indicated at the
All procedures were performed at 4'C.
base of the respective columns.
The serum oestradiol concentrations of patients
Oxytocin uptake Endometrial samples were rinsed in ice-cold 0.9% (w/v) NaCl containing EDTA in the mid-portion of their menstrual cycle (days
(1 mmol/l). The material was then homogenized in 11-18) were found to be significantly higher in
25 mmol/l tris-HCl buffer (pH 7.6) containing patients on clomiphene as compared to normal
0.25 mol/l sucrose and 1 mmol/l EDTA. Homo- women (P <0.001) and to subfertile patients not
genates were centrifuged at 200 x g for 10 minutes, taking clomiphene (P <0.001). Serum oestradiol
the resulting supernatants being further centri- concentrations in patients on clomiphene were also
fuged for 1 hour at 95000 x g. The pellets obtained significantly higher in the mid/late secretory phase
were washed with tris-HCl buffer and then re- of the cycle (days 19-28), as compared to normal
suspended by homogenization in 500 ml of the women (P <0.01) and to subfertile patients not
same buffer. 3H-Oxytocin binding in the subcel- taking clomiphene (P <0.001). No differences
lular fractions thus produced was measured by were found in progesterone levels.
incubating 100 Al of the fraction at 25°C for Figures 3-5 illustrate the levels of oxytocin
15 minutes in 100 ml tris-HCl buffer containing binding site concentration plotted against the day
0.1% (w/v) bovine serum albumin, 2mmol/l of menstrual cycle, defined as time from the
MnCl2 and 60 nmol/l 3H-oxytocin. Non-specific beginning of last menstrual period.
When the concentration of oxytocin binding in
binding was measured in the presence of 200 jlmol
unlabelled oxytocin. After incubation, 2 ml ice- 'normal' women was compared to that in patients
cold tris-HCl buffer containing 1% (w/v) bovine with unexplained primary subfertility not taking
serum albumin was immediately added. The particulate fraction was then removed on to fine glass
1500
fibre filters and washed twice with 2 ml tris-HCl
buffer containing 0.1 (w/v) bovine serum albumin.
The filters, containing membrane-bound 3Hoxytocin, were then counted in a liquid scintillation
counter. The specific binding was calculated from
the difference in binding (per mg protein) between
1000
the incubation with and without excess oxytocin.
The protein in 100 ml of each endometrial sample
was measured by the method of Lowry et al. " using
bovine serum albumins as standards.

,

Serum steroids Serum oestradiol and progesterone were measured by specific radioimmunoassays with inter-assay coefficients of variation
of 8.8% and 6.5% respectively at median concentrations. The normal ranges in the laboratory
are: progesterone in the follicular phase
0.32-1.9 nmol/l and luteal phase 6.4-7.9 nmol,
oestradiol in the follicular phase 73.4-257 pmol/l,
at midcycle 367-1468 pmol/l and in the luteal
phase 184-1101 pmol/l.
Statistical analysis In calculations of statistical
significance Fisher's exact probability test was used
for binding site concentrations and the Student

t-test for the serum steroid concentrations.
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Figure 1 Mean serum oestradiol concentrations+
s.e.m. in normal women (N), subfertile patients not
taking clomiphene (I) and subfertile patients taking
clomiphene (IC). Figures at base of column indicate
number of patients in each group.
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Figure 2 Mean serum progesterone concentration +
s.e.m. (see Figure 1 for details).

clomiphene, significantly higher levels of binding
were found in the mid-portion of the cycle (days
11-18), P <0.01. Similarly, oxytocin binding in
the mid-portion of the cycle (days 11-18) in
subfertile patients not taking clomiphene was
significantly higher. In the mid/late luteal phase of
the cycle significantly higher levels of oxytocin
binding were found in subfertile patients not taking
clomiphene as compared with the normal women
(P <0.01). No significant differences were found
between the normal women and the subfertile
women taking clomiphene.
Discussion
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Figure 33 Oxyto.in
Oxytocin binding sites in endom*trial
endometrial tissue
from normal women.

with the high level of oestradiol and progesterone
receptors in the late proliferative phase of the cycle
correlating with raised levels of oestrogens. It is
believed that oestrogens stimulate protein synthesis
leading to accumulation of steroid receptors,'4 and
that a raised level of progesterone receptors at
mid-cycle is important for implantation.'5 Depressed levels of both steroid receptors during the
secretory phase of the cycle coincide with uterine
domination by progesterone which is believed to
induce the down regulation of both steroid receptors. 16

When the group of unexplained primary subferThe results obtained show that in normal women, tile women was studied, two distinct patterns of
the concentration of oxytocin binding sites displays oxytocin binding emerged. It was found that the
a cyclical variation during the menstrual cycle concentration of binding sites in the subgroup of
(Figure 3). The concentration of binding sites patients not taking clomiphene did not follow any
was found to be low in the early proliferative recognizable pattern (Figure 4) although their
phase (around 0.2 nmol/mg protein) and increased plasma steroid concentration differed little from
throughout the proliferative phase, reaching a those in the normal group. However, when binding
maximum value of almost 4 nmol/mg protein at site concentrations in the subgroup of patients
midcycle. The level then decreased during the taking clomiphene were examined, a cyclical patsecretory phase, reaching a value of approximately tern not unlike that in the normal group was found
0.2 nmol/mg protein during the mid-late secretory (Figure 5).
phase of the cycle. These findings are similar to Clomiphene therapy to subfertile women is
those found in sheep endometrium by Roberts et derived from significantly increased pregnancy
rates in women so treated.'7 Fleming and Coutts'8
al.8 and Sheldrick and Flint.'2
Oestradiol and progesterone endometrial bind- found that clomiphene increased follicular deing sites have also been shown to demonstrate a velopment as indicated by elevated pre-ovulatory
cyclical variation in normal menstruating women,'3 plasma oestrogen levels, but that this was not
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Figure 4 Oxytocin binding sites in endometrial tissue
from subfertile patients not taking clomiphene.
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Figure 5 Oxytocin binding sites in endometrial tissue
from subfertile patients taking clomiphene.
followed by increased progesterone concentrations. Figures 1 and 2 illustrate how plasma

oestradiol levels are significantly elevated in
patients taking clomiphene, whereas any difference
in plasma progesterone is slight.
When the patients in the unexplained subfertile
group are examined, there were no identifiable
differences between the two subgroups which might
have accounted for the altered oxytocin binding,
apart from the use of clomiphene resulting in
elevated plasma oestradiol. Patient ages differed
minimally when the two sub-groups were compared and the entry-criteria were fulfilled in each
case; no differences were found when histology of
the endometrial tissue was compared. The concept
that oestrogens stimulate oxytocin receptor synthesis9 is thus supported; furthermore, clomiphene
seems to be able to elicit a cyclical variation in
endometrial oxytocin binding site concentration in
subfertile patients who otherwise show no such
variation. Maynard et al.2 found that three subfertile patients taking clomiphene had levels of progesterone binding similar to that of the normal
group. Women with unexplained primary subfertility are frequently subjected to some form of
ovarian stimulation therapy of which the most
common is follicular phase anti-oestrogens such as
clomiphene citrate.19 The reasons for this kind of
therapy are unclear, since no menstrual or ovulatory disorder has been diagnosed, and a restoration
of hormone binding site concentrations to normal
cyclical variation may provide some form of
mechanism of action.
Pliska et al.20 suggested that at least three binding
site populations exist in the myometrium and
endometrium of sheep, calves and rats. If the same
is true of human endometrial tissue possibly only
one population of binding sites was being sampled
in this study. The binding sites in subfertile patients
may thus differ in nature rather than in number.
The experimental errors in dealing with such
small tissue samples were considerable. Only two
pieces of tissue were large enough to permit
duplicate assays - the values were 1.24 and
0.93 nmol/mg protein for one tissue and 0.14 and
0.40 nmol/mg protein for the other. Nevertheless,
the altered oxytocin binding site levels demonstrated in the study may well have future implications when considering the aetiology of and
management of primary, unexplained subfertility.
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