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A single midcycle dose of levonorgestrel similar to
emergency contraceptive does not alter the expression
of the L-selectin ligand or molecular markers of
endometrial receptivity

Wilder Alberto Palomino, M.D.,a,b Paulina Kohen, B.Sc.,a and Luigi Devoto, M.D.a,b

a Instituto de Investigaciones Materno Infantil, Universidad de Chile, b Departamento de Obstetricia y Ginecologia, Hospital

Clinico San Borja Arriar�an, Facultad de Medicina, Universidad de Chile, Santiago de Chile, Chile

Objective: To examine the effects of a single-dose of 1.5 mg of levonorgestrel (commonly used as emergency
contraceptive) on endometrial receptivity biomarkers through the oral or vaginal route.
Design: Prospective randomized single-blinded trial.
Setting: Affiliated Hospital and University Research Center.
Patient(s): Fertile normal women previously sterilized by tubal ligation.
Intervention(s): Levonorgestrel (1.5 mg) was administered on the day of LH surge either orally (n ¼ 14) or
vaginally (n ¼ 13).
Main Outcome Measure(s): Molecular assessment of endometrial progesterone receptors, L-selectin ligand,
glicodelin-A and avb3 integrin by Immunohistochemistry and reverse transcriptase-polymerase chain reaction.
Result(s): Plasma progesterone concentration and endometrial dating were not different. The pattern of progester-
one receptors and glycodelin-A expression was not affected during the early and midsecretory phase. Some endo-
metrial biopsies from the group in which levonorgetrel was orally administered showed areas of glandular atrophy
and stromal decidualization. However, the expression of the progesterone receptor, L-selectin ligand, avb3 integrin,
and glycodelin-A were not different between the groups.
Conclusion(s): Levonorgestrel, given as emergency contraceptive on the day of LH surge, does not disrupt either
ovulation or progesterone production by the corpus luteum. The contraceptive mechanism of levonorgestrel at the
time of LH surge does not include changes in the progesterone receptors or the endometrial receptivity biomarkers.
(Fertil Steril� 2010;94:1589–94. �2010 by American Society for Reproductive Medicine.)
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Levonorgestrel is a synthetic progestin that has been used for emer-
gency contraception (LNG-EC) with clinical success. However, its
mechanism of action is not completely understood (1, 2). It has
been demonstrated that LNG-EC administration during the prolifer-
ative phase effectively inhibits or delays ovulation, whereas any
effect on endometrial morphology is observed when it is adminis-
tered after ovulation (3, 4). However, the reproductive process that
is inhibited by LNG-EC when it is administered on the day of LH
surge remains unclear.

Because levonorgestrel (LNG) is a potent progestin, the high dose
delivered as LNG-EC could affect the steroid receptor expression,
abundance, or tissue distribution. An abnormal steroid receptor ex-
pression could, in turn, interfere with the endometrial transformation
and maturation process, making the uterus unable to interact or fa-
cilitate the embryo implantation. The human implantation process
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occurs during a narrow period of the secretory phase during which
the endometrium becomes receptive. The molecular phenotype of
this critical reproductive time is characterized by epithelial proges-
terone receptor (PR) down-regulation and concomitant expression
of endometrial receptivity biomarkers (5).

In this study, we test the hypothesis that a single 1.5-mg dose of
LNG-EC delivered either by the oral or vaginal route at the time of
LH surge affects the endometrial receptivity molecular phenotype.
We assessed the expression of PR by examining both the total AB
(PR-AB) and B (PR-B) isoforms during the early and midsecretory
phases. The molecules recognized as possible uterine receptivity
biomarkers, L-selectin ligand (LS-L), glycodelin-A (Gly-A), and
the avb3 integrin subunit, were evaluated in the endometrial biopsies
from women treated with LNG-EC and controls.

MATERIALS AND METHODS
Fertile women who were previously sterilized by tubal ligation were invited

to participate in this study. After signing an informed consent, 38 subjects

were enrolled. The institutional review board of the San Borja Arriaran Clin-

ical Hospital, Santiago de Chile approved the study protocol.

Beginning on day 10 of the menstrual cycle, ovulation were followed and

confirmed by ultrasound using a 7.5-MHz transvaginal probe (Model SA

6000; Medison, Seoul, Korea) and by the detection of urinary LH surge

(Clear-plan ovulation test; Unipath Limited, Betford, UK).

In a randomized single-blinded fashion, a single 1.5-mg dose of LNG was

administered on the day of LH surge (day¼ 0) to 14 subjects by the oral route

and 13 by the vaginal route; 11 participants did not receive any treatment.
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TABLE 1
Demographic, clinical, endocrine, and endometrial features and HSCORE values of the participants treated with levonorgestrel

as an emergency contraceptive and controls.

Variable Controls (n [ 11) LNGEC-O (n [ 14) LNGEC-V (n [ 13) P value

Age (y) 36 � 4.6 35.2 � 4.9 35.8 � 3.2 NS
BMI 27.9 � 2.4 25.9 � 3.4 26.7 � 2.6 NS

Cycle length before study (d) 28.6 � 2.7 27.6 � 2.5 28.3 � 0 NS

Serum progesterone (ng/mL) 9.5 � 6.3 8.1 � 4.7 7 � 5 NS

Cycle length during the study (d) 30 � 3.1 27.2 � 3.6 30.2 � 3.6 NS
Histologic dating

Biopsy on day LH þ2 (d) 16.5 � 1 17.6 � 1 16.1 � 0.8 NS

Biopsy on day LHþ7 (d) 20.6 � 0.9 21.2 � 1 20.5 � 1.1 NS
HSCORE

Glycodelin-A 3 � 0.2 2.5 � 0.7 2.4 � 0.9 NS

L-selectin ligand 2.7 � 0.6 2.1 � 0.5 2.3 � 0.5 NS

avb3 integrin 2.2 � 0.6 2.12 � 0.6 1.9 � 0.7 NS

Note: The values are mean�DES unless otherwise noted. NS¼ not significant when P>.05 determined by Kruskal-Wallis test; BMI¼ body mass index (kgm);

LNGEC-O¼ levonorgestrel given as an emergency contraceptive by oral route; LNGEC-V¼ levonorgestrel given as an emergency contraceptive delivered

through vaginal route; Control ¼ nontreated subjects.
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This study is an extension of our previous published research, including the

participant clinical features and methodology (6). Briefly, endometrial biop-

sies were scheduled 48 hours and 7 days after LH surge (LH day þ 2) and

(LH day þ 7), respectively. Endometrial samples were obtained using

a pipelle device (CCD Laboratories, France), and peripheral blood samples

were obtained the same day of the endometrial biopsy. Specific RIA was

used to determine the progesterone plasma concentration as previously re-

ported (7). A portion of each endometrial sample was fixed in 4% buffered

formaldehyde and embedded in a paraffin block for histology and immuno-

hystochemistry evaluation. Another portion was quickly frozen in liquid ni-

trogen for further reverse transcriptase-polymerase chain reaction (RT-PCR).

Immunostaining was performed on paraffin-fixed endometrial samples for

LS-L, Gly-A, and PR-AB and PR-B, whereas frozen samples were used for

avb3 integrin staining using a LAB-SA immunodetection system kit (Zymed

Laboratories, Invitrogen Immunodetection, Carlsbad, CA, USA). The sam-

ples were deparaffinized in xylene and rehydrated with serial grades of eth-

anol. After a phosphate-buffered saline (PBS) rinse, endogenous peroxidase

was quenched with a 30-minute incubation with 0.3% H2O2 in absolute eth-

anol, and the sample was incubated with blocking serum for 10 minutes at

room temperature. After overnight primary antibody incubation, the sections

were washed with PBS followed by treatment with blocking serum for an ad-

ditional 10 minutes. Subsequently; the sections were washed with PBS and

incubated with Biotin-SP-conjugated secondary antibody, which was pro-

vided with the immunodetection kit, for 30 minutes at room temperature.

After rinsing with PBS, the immunoreactive antigen was visualized using

an avidin–biotin–peroxidase complex and aminoethilcarbazol as a chroma-

gen. Finally, the slides were counterstained with hematoxylin, washed in

PBS and distilled water, and mounted with mounting medium.

The following primary antibodies were used: rat–antimouse PNAd carbo-

hydrate epitope; CD62L-ligand, Clone: MECA79 (BD Pharmingen Biosci-

ences, San Diego, CA, USA) at final concentration of 0.5 mgm/mL for

L-Selectin ligand; rabbit monoclonal (EP870Y) to placental protein 14/Gly-

codelin A (Abcam, Cambridge, MA, USA) at 1:1,000 dilution; mouse SSA6

anti-b3 integrin subunit antibody at 1:2,000, kindly donated by Professor

Bruce Lessey, REI Division Department of Obstetrics and Gynecology,

Greenville Hospital system, Greenville, SC, USA; mouse antihuman PR

B-form clone SAN27 (Novocastra Laboratories Ltd, Newcastle, UK) at

1:100, and mouse anti-PR-AB (PRAB-52), Santa Cruz, CA, USA, at 1:50.

Two blinded observers evaluated the resulting staining on a light micro-

scope, Model BX 51TF (Olympus Optical Co. Ltd, Japan). The staining in-

tensity value was assigned using a semiquantitative HSCORE as previously
1590 Palomino et al. Endometrium on emergency contrace
described (8). The tissue distribution and the abundance of both PR-AB and

PR-B were evaluated and calculated into the different endometrial compart-

ments using the Image Pro Plus system, version 6.2, Media Cybernetics Inc.,

Woods Hole, MA USA, as described elsewhere (9).

Total cellular RNA from endometrial samples was extracted with Trizol re-

agent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s instruc-

tions. The RT-PCR was performed with the Access Quick RT-PCR system

(Promega Corporation, Madison, WI, USA) on an Eppendorf Mastercycler gra-

dient 5331 thermocycler for DNA amplification (Eppendorf, Barkhausenweg,

Hamburg, Germany). The oligomers used for RT-PCR (Integrated DNA tech-

nologies IDT, IA, USA) specific to PR-AB were as follows, forward:

50-GTCAGTGGGCAGATGCTGTA- and reverse: 50-TGTGAGCTCGACA-

CAACTCC-3; for Gly-A, forward: 50-ACGGCACTCTTCCATCTGTT-30and

reverse: 50-AAGTTGGCAGGGACCTGGCACTC-30. Ribosomal 18S RNA

was used as the internal standard, sense: 5-TAACGATCCATTGGAG-3, anti-

sense: 5CCCTCTTAATCATGGCCTCA-3. The routine RT-PCR program

was two pre-PCR cycles of 45 minutes at 48�C and 5 minutes at 94�C, and

28 cycles of PCR amplification of the target gene. The expected size of the

PR-AB and Gly-Awere 99 and 452 base pairs, respectively. All PCR products

from a single experiment were run on a 2% agarose gel and stained with ethid-

ium bromide and visualized on a Thyphoon variable mode imager (Amersham

Biosciences, Sunnyvale, CA, USA). The relative density of transcripts normal-

ized to 18S mRNA was calculated using ImageJ 1.41 software for windows.

The averages of the ratios for each group were then compared using the

appropriate test.

Statistical Analysis
The analysis of the data was performed using Graph Pad Prism version 5.0

CA, USA. Continuous means were compared using a nonparametric Krus-

kal-Wallis test with posttest correction when appropriate. For a comparison

of the abundance of progesterone receptors, the proportion of positive/nega-

tive stained nuclear cells were analyzed and compared with a chi-square test

(positive/negative stained nucleus for PR � controls/LNG-EC by oral route/

LNG-EC by vaginal route). The alpha level was 0.05.

RESULTS
The clinical and demographic characteristics of subjects, including
age, body mass index, and length of menstrual cycle before and dur-
ing the study were similar, and no statistical differences were found
(Table 1). The following functional parameters: [1] the follicular
ption Vol. 94, No. 5, October 2010



FIGURE 1

Hematoxylin-eosin (H&E) and immunohistochemical localization of PRB, LS-L, and Gly-A in biopsies obtained during the window of

implantation from (F–H) treated women and (A–D) controls. (E) Note the areas of glandular atrophy and intense decidualization in the patients
treated with LNG-EC by the oral route. Despite the histologic alterations, neither the down-regulation of the (F) epithelial PR nor the expression

of (G) LS-L or (H) Gly-A was affected.
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rupture assessed by vaginal ultrasound was detected in all partici-
pants after urinary LH surge both in LNG-EC and nontreated sub-
jects; [2] the plasma progesterone concentration determined at the
time of endometrial biopsy was not different in any study group;
[3] histologic dating revealed all samples within the interval of
days 21–22 of an ideal 28-day cycle evaluated according to Noyes,
criteria (10).

The immunostaining of LS-L was intense and restricted to the lu-
minal and glandular compartments during the midsecretory phase in
all samples. The Gly-A and avb3 immunostaining was also intense
during this period of the menstrual cycle in all biopsies. In addition,
the HSCORE demonstrates no differences in the expression of LS-L,
Gly-A, and avb3 integrin between the treated and nontreated groups
(Table 1).

The histologic assessment revealed small areas of glandular atro-
phy and intense stromal decidualization in only 3 of 12 biopsies
from subjects who received LNG through the oral route. Interest-
ingly, despite this finding, it was not associated with any significant
reduction in the expression of PR or the endometrial molecular bio-
markers that were examined. The corresponding images are shown
in Figure 1.

Figure 2 illustrates intense Gly-A immunostaining in the glands
and lumen in LH þ 7 biopsies but very low or negative in LH þ 2
Fertility and Sterility�
from LNG-EC samples (Fig. 2D and C). Similar to protein, the
mRNA expression of Gly-A during the window of implantation
was not affected by LNG-EC as demonstrated by RT-PCR in the
representative samples from treated and untreated biopsies (P¼.12;
Fig. 2E).

It is thought that the molecular phenotype of the endometrial
transformation process from the early to midsecretory phase is char-
acterized by the down-regulation of PR in the luminal and epithelial
compartment during the midsecretory phase. This changing pattern
of expression was similar in the nontreated subjects and the LNG-
EC-treated group for both PR isoforms (Fig. 2A and B). Although
PR down-regulation into the epithelial compartment was clearly
observed, the stroma showed intense PR expression in all samples.
No differences in the abundance of PR in LNG-EC-treated and
nontreated endometria were observed (P¼.30; Fig. 3).

The RT-PCR assay for PR-AB mRNA in representative samples
from LNG-EC and nontreated subjects were compared, corroborat-
ing that most of the PR gene was not affected (P¼.21; Fig. 3D).
DISCUSSION
We designed this in vivo study to test the hypothesis if a single dose
of LNG administered on the day of LH surge may alter the
1591



FIGURE 2

Immunostaining of PR-B and Gly-A in biopsies obtained during the

early (A–C) secretory phase LHþ 2 and (B–D) midsecretory phase
LH þ 7 from women treated with LNG-EC. (B) Note that the

epithelial PR down-regulation during the midsecretory phase is

not affected. (B and D) Concomitant high expression of Gly-A and

epithelial PR-B down-regulation during the midsecretory phase is
preserved. (A–C) LNG-EC does not alter the pattern of PR

expression nor does it induce the expression of Gly-A during the

early secretory phase. (E) The RT-PCR assay for mRNA of Gly-A,

normalized to the internal 18S control demonstrated no
differences between the samples from nontreated patients (lanes

1–3) and patients treated with LNG-EC by either the oral or vaginal

route (lanes 4–6 and 7–9, respectively).
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expression of endometrial PR, thereby affecting the endometrial
maturation and the expression of molecules associated with endo-
metrial receptivity. LNG is a potent progestin that is currently
administered in different contraceptive modes, including intrauter-
ine device (IUD)-delivering LNG, long acting subdermal implants,
and combined or progestin-only oral contraceptive pills. A common
side effect reported in long-acting implants and IUD-LNG is un-
scheduled vaginal bleeding, which is associated with glandular atro-
phy, increased decidualization, and aberrant endometrial steroid
receptor expression (11, 12).

In this study, despite the high dose of LNG (1.5 mg), either by the
oral or vaginal route, the abundance and tissue distribution of PR did
1592 Palomino et al. Endometrium on emergency contrace
not differ between the controls the and LNG-EC-treated subjects.
The effect of LNG on endometrial progesterone receptor expression
may be related to the concentration of LNG observed in the different
modes of administration. As we recently reported in a study on
the pharmacokinetics of LNG-EC by the oral and vaginal routes (6),
the serum and endometrial tissue concentration differs between the
modes of administration. For example, the endometrial tissue concen-
tration of LNG is �100 times higher in IUD-releasing LNG than in
a single dose of LNG-EC by either the oral or vaginal route. Indeed,
808 ng/g or 2,580 nmol/mg per wet tissue in IUD-LNG and 5–20
nmol/mg at 168 hours (LH þ 7) post-LNG-EC were reported (6,
13). Thus, it appears that a high LNG concentration in the tissue and
a persistent, long-lasting dose rather than the acute high dose may af-
fect endometrial PR expression (14). Endometrial transformation from
the proliferative to the secretory phase is driven mainly by progester-
one through its cognate PR. The necessary endometrial transformation
from prereceptive early secretory toward the receptive midsecretory
endometrium is characterized by PR down-regulation. The differential
function and dynamic endometrial expression of PR-B and PR-AB
through menstrual cycle has been described (15), but it appears that
an alteration in the ratio of the PR isoforms may lead to an impairment
of endometrial receptivity (16). In our study, these crucial, dynamic
transitions of PR, as well as the abundance of both PR isoforms,
were not affected by LNG-EC.

During the midsecretory phase, progesterone signals acts directly
over the epithelial surface or indirectly from the stroma inducing the
expression of genes associated with endometrial receptivity (17).
Among these molecules recognized as molecular markers of uterine
receptivity, we selected a panel including LS-L, Gly-A, and avb3 in-
tegrin. Recent investigations have reported that L-selectin may be
involved in the implantation process (18). Trophoblast cells express
L-selectin after a hatching process, whereas its L-selectin carbohy-
drate ligand recognized by MECA79 antibody is highly expressed
only during the endometrial receptivity phase, suggesting progester-
one regulation. We have not observed any difference in the expres-
sion of L-selectin ligand in this study. This finding may be in
concordance with the lack of changes observed in the progesterone
plasma concentration and PR.

It is thought that avb3 integrin is the best-characterized molecular
biomarker associated with endometrial receptivity. It is expressed
only during the period of the implantation window, and aberrant ex-
pression has been reported in conditions associated with infertility,
including endometriosis, hydrosalpinx, polycystic ovary syndrome,
and unexplained infertility (19, 20). Our study did not detect any dif-
ferences in the expression of this remarkable protein between the
treated and untreated biopsies.

Glycodelin-A (Gly-A) is the major glycoprotein produced by
secretory endometrial glands. Its production rises from days 5–6 af-
ter ovulation and increases onward during pregnancy. The Gly-A is
mainly produced by epithelial endometrial cells and has been postu-
lated to have immunomodulatory properties that facilitate embryo
implantation. During the midsecretory phase, high Gly-A secretion
is closely associated with progesterone-B down-regulation (21). In
this study, neither the pattern of PR-B down-regulation nor the
Gly-A expression was affected by LNG-EC.

Paradoxically, an in vitro study has demonstrated that Gly-A is in-
volved in the inhibition of the sperm–egg binding process. Endome-
trial expression of Gly-A, other than during the secretory phase, was
also reported in women using IUD-releasing LNG, suggesting
another contraceptive mechanism (22). An interesting investigation
also demonstrated that late follicular administration of LNG, but not
at the time of the LH surge, produces an early rise in serum Gly-A
ption Vol. 94, No. 5, October 2010



FIGURE 3

Immunolocalization of PR during the midsecretory phase from (A) controls and women treated with LNG-EC by the (B) oral or (C) vaginal route.

Note the negative stained cells (blue) in the luminal and glandular cells (PR down-regulation) and the positive-stained stromal cells (red) in all
samples. The ratio of positive/negative nuclear stained cells was evaluated, and the proportions in each group were compared by the chi-

square exact test (P¼ .30), demonstrating that there are no differences in the abundance of PR. Reverse transcriptase-polymerase chain

reaction for PR-AB mRNA normalized to the internal 18S control in samples obtained during the midsecretory phase. (D) This corroborates no

differences in PR expression between the nontreated patients (lines 1–3) and patients treated with LNG-EC by the oral or vaginal route (lanes
4–6 and 7–9, respectively).
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(23). In this study, very little if any Gly-A protein expression was de-
tected in biopsies 48 hours after LNG-EC administration, a finding that
is in agreement with another recent report (24). Thus, it appears that an
acute, in vivo, high dose of LNG at the time of the LH surge is not
enough to induce changes in endometrial PR and Gly-A expression.

In our study, the endometrial biopsies from the LNG-EC-treated
subjects administered by the oral route showed areas of irregular de-
velopment that were characterized by glandular atrophy and intense
stromal decidualization. This morphologic change resembles the pro-
longed and intense effect of progestin on the endometrium. Interest-
ingly, according to the HSCORE evaluation, neither the PR
expression nor the endometrial molecular markers were affected com-
pared with the normal endometrial tissue. Our work confirms the find-
ing of Murray et al. (25), which demonstrates endometrial histology is
not a valid method for evaluating endometrial receptivity. This finding
indicates that endometrial morphology is insufficient to predict the
endometrial molecular receptivity phenotype and the capability of
the uterus to support embryo implantation.

It is well accepted that investigation of human implantation has
limitations because of ethical constraints. An interesting in vitro
Fertility and Sterility�
model resembling the embryo–maternal environment has recently
been developed to assess the effect of LNG on the human endome-
trium (26). In agreement with these in vitro findings, our results
illustrate the in vivo effect of LNG on PR and on molecules associ-
ated with endometrial receptivity, demonstrating that LNG does not
alter the molecular uterine receptivity biomarkers.

In conclusion, administration of LNG-EC on the day of the LH
surge is unable to inhibit ovulation by causing ovulatory dysfunction
or diminishment of the reproductive function.

The fact that endometrial maturation and receptivity are unaf-
fected suggests that there are no direct or indirect effects of LNG
on endometrial function. Thus, the mechanism of action of LNG-
EC, if any, at the time of the LH surge does not include the impair-
ment of PR or the endometrial receptivity biomarkers.
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