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Summary

Objective: The potential influence of leptin and erythropoietin on the angiogenesis and bleeding of the endometrium during

normal menstrual cycles and possible correlations between them.

Study design: Serum concentrations of leptin and erythopoietin were measured at menstrual days 20, 1 and 3 or 4 in healthy,

non-obese, normal menstruating women.

Results: Mean leptin and erythropoietin concentrations showed no significant alteration over time (F = 0.588, p = 0.563 and F =
0.654, p = 0.528, respectively). There was, however, a strong negative linear relationship between the concentration of the two sub-
stances on days 1 and 3 or 4 (p = 0.018 and p = 0.028, respectively).

Conclusions: If the two substances affect endometrial angiogenesis, they may do this in a locally limited way, so that peripheral
concentration changes cannot be observed. Their inverse correlation prompts further study with receptor determination.
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Introduction

Apart from their established role in food intake regula-
tion and hematopoiesis, much attention has been paid
recently to the potential role of leptin and erythropoietin
in female reproductive function.

Leptin deficiency is associated with reversible hypogo-
nadism and sterility in rodents [1]. In healthy human
females, leptin levels fluctuate throughout the menstrual
cycle, showing a peak during the luteal phase [2, 3],
whereas its receptor (OB-R) is expressed in human
endometrium [4]. Leptin has been shown to possess
hematopoietic [5] and angiogenic [6] properties.

Erythropoietin (Epo) is the major hematopoietic
hormone. Provided that no excessive menstrual bleeding
occurs, menstruation may not influence hematocrit values
and may not impose an excessive need for hemopoiesis,
and thus for erythropoietin [7]. However, Epo also has
angiogenic properties in vitro and in vivo [8] and its
mRNA is expressed in normal human endometrium [9].
There are data showing that Epo promotes endometrial
angiogenesis in an estrogen-dependent manner in exper-
imental settings [10], although its levels do not change
during the menstrual cycle in humans [7].

Vasoconstriction and angiogenesis are the major peri-
menstrual events that contribute to endometrial shedding
and regeneration. The classic studies of Markee [11]
show that an ischemic phase caused by vasoconstriction
of the arterioles and spiral arteries precedes the onset of
menstrual bleeding by four to 24 hours. Bleeding occurs
after arterioles and arteries relax, leading to
hypoxia/reperfusion injury. The repair of the
endometrium begins as early as 36 hours after the onset
of bleeding, while menstrual desquamation is still in

Revised manuscript accepted for publication September 14, 2004

Clin. Exp. Obst. & Gyn. - 1ssN: 0390-6663
XXXII, n. 1, 2005

process [12]. Hypoxic and hormonial stimuli trigger the
secretion of several factors, particularly vascular endothe-
lial growth factor (VEGF), that induce angiogenesis [13,
14]. Although human endometrium has angiogenic
potential throughout the menstrual cycle, the angiogenic
response seems to be increased during the late men-
strual/early proliferative [15, 16] and late secretory [16]
phase. However, other data suggest that levels of
endothelial cell proliferation in human endometrium do
not show any consistent pattern across the different stages
of the menstrual cycle [17].

The present study measures serum leptin and erythro-
poietin during the mid-luteal and menstrual phase of a
normal cycle. This targeted double screening aims at
simultaneously exploring within- and between-subjects
variability of two substances with potential influence on
the angiogenic mechanism of normal menstrual cycles,
and at looking for possible correlations between them.

Materials and Methods

The study sample included 14 healthy women, aged from 20
to 25 years, who were recruited during their visit for regular Pap
smears and gave their informed consent. All women had a
normal menstrual history, defined as a menstrual cycle of 26 to
30 days, stable during the previous 12 months. Transvaginal
ultrasound was performed during the periovulatory days in
order to assess follicular development and ovulation and to
exclude polycystic ovaries. A complete blood count was per-
formed and women were included if they had hematocrit or
hemoglobin values greater than 36% or 12 mg/dl, respectively.
Polycystic ovarian syndrome (PCOS) was formally excluded by
measuring FSH, LH, SHBG, testosterone and DHEAS on men-
strual day 3. Selection criteria also included normal body
weight, defined by a body mass index (BMI) < 24.

Menorrhagia was excluded by self-assessment, taking into
account the number of pads/day, the presence of clots and the
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need for more than one protection method (e.g. tampon plus
pad), with the understanding that this kind of assessment may
be rather poor (for a review see Salamonsen [18]). Women did
not receive any hormonal treatment or vitamin supplements
during the prior three months.

Blood samples were collected in fasting women at menstrual
days 20, 1 and 3 or 4, between 10 and 12 AM and serum leptin
and erythropoietin levels were measured. A complete blood
count was obtained at days 20 and 3/4. Serum separator tubes
(SST) allowed samples to clot for 30 minutes until centrifuga-
tion. An SST was used for each sample, kept at room tempera-
ture while clotting. Centrifugation followed at 1000 x g for ten
minutes. Specimens were stored at —20°C until assayed.
Samples were vortexed gently after thawing and were after-
wards analyzed.

Serum leptin concentration was determined by the quantita-
tive sandwich enzyme immunoassay technique with an intra-
assay and inter-assay CV of 2.4-4.6% and 2.2-4.2%, respec-
tively, (sensitivity < 7.8 pg/ml, Quantikine, R&D Systems,
Abingdon, UK).

Serum erythropoietin levels were measured by the immuno-
metric assay technique with an intra-assay and inter-assay CV
of 2.2-4.0% and 0.2-2.0%, respectively, (sensitivity 0.24
mU/ml, Immulite, Euro/DPC, Gwynedd, UK).

The individual changes in the concentrations of the two sub-
stances over the three measurements were assessed using either
within-subjects General Linear Model/ANOVA, or, when the
assumption of normality of the residuals was violated, using
Friedman’s two-way analysis of variance. Scheffé’s test was
used for post hoc multiple comparisons when appropriate. Cor-
relations between the two substances for every time-point were
also assessed using Pearson’s r test.

Results

The mean age of the women was 22.3 years (SD 1
year). The mean hematocrit value was 40.8% (SD 1.7%)
and 40.1% (SD 1.8%) on days 20 and 3/4 respectively,
showing no significant fluctuation.

The individual curves of leptin changes over time are
shown in Figure 1. The measurements of four individual
curves (the upper curves) showing a unique pattern were
considered as outliers and were excluded from the calcu-
lations. Mean leptin concentration was 7720 (SD 2952)
pg/ml on day 20, 7959 (SD 2911) pg/ml on day 1 and
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Figure 1. — Leptin concentration on menstrual days 20, 1 and
3or4.
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Figure 2. — Erythropoietin concentration on menstrual days 20,
1 and 3 or 4.
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Figure 3. — Leptin vs erytropoietin concentration on menstrual
day 1 (EPO = 27.55-0.14 leptin).
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Figure 4. — Leptin vs erythropoietin concentration on men-

strual day 3 or 4 (EPO = 26.52-0.14 leptin).

7488 (SD 2652) pg/ml on days 3 and 4. Leptin levels
showed little variation during the study period. Applica-
tion of within-subjects GLM confirmed this finding by
not demonstrating any statistical significance (F = 0.588,
p = 0.563).

The individual changes in Epo concentration over time
are shown in Figure 2. Mean Epo concentration was
14.03 (SD 7.7) mU/ml on day 20, 15.7 (SD 7.2) mU/ml
on day 1| and 15.6 (SD 7.02) mU/ml on days 3 and 4.
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Although for most individuals the levels of Epo remain
relatively stable, it is difficult to establish a constant
pattern. Application of within-subjects General Linear
Model showed that Epo concentrations did not alter sig-
nificantly over time (F = 0.654, p = 0.528).

Explorations for correlations between the levels of the
two substances at every time-point yielded two signifi-
cant results: leptin and erythropoietin concentrations
demonstrated a significant negative linear correlation on
days 1 (E = 27.55-0.14 1) and 3,4 (E = 26.52-0.141) (p =
0.018 and p = 0.028, respectively), (Figures 3 and 4).

Discussion

Mean blood loss during normal menstruation is 43 ml,
whereas 10% of women may lose at least 100 ml of blood
per month [18]. Normal menstrual flow is not likely to
induce a hematocrit fall and thus need for excessive
hematopoiesis. Erythropoietin, however, apart from its
hematopoietic action, has demonstrated direct angiogenic
properties in vivo and in vitro [8]. Studies in rodents have
shown that Epo protein and its mRNA were produced in
an estrogen-dependent manner in endometrial cell cul-
tures, and injection of Epo into the endometrial cavity of
ovariectomized mice promoted endometrial vessel for-
mation [10]. Epo receptor protein has been found in the
endothelium of human endometrial vessels [9]. Having in
mind that endometrial repair and angiogenesis begins
during menstruation [15, 16], one would expect that ery-
thropoietin concentration might increase during the last
days of menstruation.

Our results showed no significant difference in hemat-
ocrit, hemoglobin or erythropoietin values before and
during menses. This is in agreement with others [7, 19]
and may imply either that erythropoietin does not signif-
icantly affect endometrial angiogenesis or that it does so
without significantly raising its peripheral concentration.
Indeed, Yasuda er al. [10] suggested that Epo is locally
and transiently produced in the endometrium of ovariec-
tomized mice in response to E2 and induces local angio-
genesis without affecting peripheral Epo concentrations.
They also assumed that peripheral blood Epo is probably
not involved in human endometrial angiogenesis, since
the ligand affinity to EpoR in endometrial cells is much
lower than that in erythroid precursor cells. A third per-
spective is highlighted by Rogers et al. [17], who found
that angiogenesis occurs continuously throughout the
menstrual cycle, without the formation of vascular
sprouts, whereas erythropoietin induces sprouting [8].

Leptin concentration showed a fairly stable pattern, in
contrast with what has been described. In other studies it
has been described that serum leptin values are decreased
in amenorrheic-anorectic women [20] and elevated in
obese women [21] but without changes in normally men-
struating women [22]. More specifically, leptin was
shown to fluctuate during menstrual cycles, reaching a
peak at the mid-luteal phase and then rapidly declining

[2, 3], whereas at all instances its values were higher in
obese women [2]. Our sample included normal-weight,
normal menstruating women, however none of them
demonstrated any significant changes in leptin levels
during the 12-day observation period. In the original
study concerning leptin’s action as an angiogenic factor
in mice [6], it was demonstrated that leptin induced for-
mation of elongated, bifurcating tubules in vitro, and
caused a vigorous angiogenic response in vivo; in both
instances, leptin-induced angiogenesis had the same fea-
tures as VEGF-induced angiogenesis. Moreover,
Kitawaki et al. showed that OB-R isoforms are expressed
in human endometrium, demonstrating a cyclical varia-
tion with higher levels at early secretory and lower levels
at early proliferative phases, a finding that authors inter-
preted as having a relationship with the implantation
process [4]. This pattern of receptor expression and our
findings may suggest that the role of leptin in
endometrium is other than angiogenesis.

An interesting finding of our study, however, is that
leptin levels demonstrated a significant negative correla-
tion with erythropoietin concentration during menstrua-
tion, i.e., on days 1, and 3 or 4. This may be suggestive
of their synergistic action on the endometrium. Menstru-
ation triggers the need for angiogenesis in order to
support the endometrium that is to regenerate, so this
may be the field of action of the two substances. More-
over, leptin and Epo action on endometrium may have a
different ‘weight’ in each individual, since neither OB-R
nor Epo are found constantly in all endometrial speci-
mens [4, 9].

The only other context in which the possible relation-
ship between leptin and Epo levels has been surveyed
refers to hemodialyzed patients. Based on the rationale
that both Epo and leptin exert hemopoietic activity, the
influence of Epo administration on leptin levels of
hemodialysed patients was studied. The results were con-
troversial as either no relationship [22] or a significant
negative relationship [24] was found between Epo and
serum leptin levels, whereas a single dose of rHuEPO did
not influence plasma leptin levels in such patients [25].

In conclusion, the finding that neither leptin nor ery-
thropoietin increase during the first menstrual days,
cannot be supportive of their role in endometrial angio-
genesis during that period. However, the fact that both of
those substances exert angiogenic activity and express
receptors in human endometrium, together with the
finding that their levels are inversely correlated during the
first menstrual days, give an indirect clue suggesting that
they may exhibit some action on the endometrium of that
phase of cycle. As already suggested for Epo in animal
models [10], such an action may be limited in a strictly
local level, something that seems to be supported by the
combination of unaltered peripheral levels with an
inversely correlated concentration of the two substances.
Further studies are needed in order to correlate expres-
sion of both receptors with vascular density in separate
individuals.
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