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ABSTRACT 

The effects of short-term administration of levonorgestrel (LNG) at different stages of the ovarian 

cycle upon the pituitary-ovarian axis, corpus luteum function and endometrium were 

investigated. Forty-five surgically sterilized women were studied during two menstrual cycles: In 

the second cycle each women received two doses ofO.75 mg ofLNG taken 12 hours apart on day 

10 of the cycle (Group A), at the time of serum luteinizing hormone (LH) surge (Group B), 48 

hours after positive detection of urinary LH (Group C), and late follicular phase (Group D). In 

both cycles, transvaginal ultrasound and serum LH were performed since the detection of urinary 

LH until ovulation. Serum estradiol (E2) and progesterone (P 4) were measured during the 

complete luteal phase. In addition, an endometrial biopsy was taken at day LH+9. Eighty percent 

of subjects in Group A were anovulatory, the remaining (3 subjects), presented significantly 

shortness of the luteal phase with notably lower luteal P 4 serum concentrations. In Groups B and 

C, no significant differences on neither cycle length nor luteal P 4 and E2 serum concentrations 

were observed between the untreated and treated cycles. Subjects in Group D had normal cycle 

length but significantly lower luteal P 4 serum concentrations. Endometrial histology was normal 

in all ovulatory treated cycles. lt is suggested that interference of LNG with the mechanisms 

installing the LH preovulatory surge depends on the stage of follicle development. Thus, 

anovulation results from disrupting the normal development andlor the hormonal activity of the 

growing follicle only when LNG is given preovulatory. In addition, peri- and post-ovulatory 

administration of LNG did not impair corpus luteum function. 

Key Words: Corpus luteum / Emergency contraception / Levonorgestrel / Mechanism of action / 

Ovulation / Progestins 
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INTRODUCTION 

Levonorgestrel (LNG) is a synthetic 13~-ethyl substituted 19-nor steroidJ
,2 with potent 

progestational activity and widely used in contraceptive formulations. LNG represents the active 

isomer of norgestrel and is administered orally or delivered either via an intrauterine device or 

from subdermal implants.3 LNG alone or in combination with estrogenic compounds has also 

been used successfully for postcoital contraception.4 In this regard, postcoital administration of 

steroids is a well recognized effective mean for preventing pregnancy, currently representing a 

widely accepted way of emergency contraception (EC). Although efficacy is generally not as 

high as with other contraceptive methods, EC significantly reduces the risk of an unwanted 

pregnancy. Indeed, when administered within 72 hours of unprotected intercourse, LNG 

prevented about 85% ofpregnancies compared with the expected number without treatment.5 

AII emergency methods in use act before implantation through mechanisms probably 

involving interference with sperm penetration, transport and/or fertilization, follicular growth and 

corpus luteum development, and lor by a direct action on endometrium.6-9 LNG could work by 

altering any ofthese mechanisms depending upan the day of the cycle at which the contraceptive 

is given. There are few studies designed to look at the mechanisms of action of LNG as a 

postcoital contraceptive, in particular those considering the fact that women may require the 

method at different times during the menstrual cyc1e.J
O-

14 In this study, we have investigated in 

normal menstruating women the effects of LNG upon the pituitary-ovarian axis, corpus luteum 

function and endometrium when given orally at two 0.75 mg dase taken 12 hours apart, during 

the follicular (day lO), periovulatory (luteinizing hormone surge) and postovulatory (48 hours 

after urinary LH detection) phases ofthe cycle. This study was designed taking into consideration 

the expected variability of the menstrual cycle among women and therefore the need to reassign, 
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the initially allocated subjects, into study groups by normalizing, within the cycle, the time of 

administration of LNG according to the onset of luteinizing hormone (LH) surge in serum. The 

rationale for the timed treatment schedule was also based on the probabilities of conception by 

cycle day as reported by Wilcox et al. J5 
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MATERIAL AND METHODS 

Subjects 

The study was approved by the Human Ethical and Scientific Committee of the Instituto 

Nacional de Ciencias Médicas y Nutrición Salvador Zubirán and aH subjects signed an informed 

consent formo Forty five healthy surgicaHy sterilized women, aged 29 to 35 years old (mean age 

31 years), with regular menstrual cycles (cycle lengths between 25 to 32 days) were recruited for 

the purposes of this study. None had used hormonal contraception or any other medication within 

6 months prior to the study. Subjects were in good health as determined by medical history, 

physical examination and routine screening laboratory tests, including Papanicolaou smear. Body 

weight, height and blood pressure of each subject were registered by one investigator. Subjects 

were issued with a menstrual calendar on which they recorded details of aH bleeding episodes 

throughout the study. 

Study design 

The study was conducted in two consecutive cycles. Cycle was defined as the time 

elapsed from the first day of an spontaneous menstrual bleeding until the day preceding the next 

menses. AH subjects were admitted during the first 10 days of their menstrual cycle. Before the 

control cycle, women were randomly aHocated into three different groups as folIows: Group A) 

women who received two doses of 0.75 mg LNG (Postinor®, Gideon Richter) taken 12 hours 

apart on the moming of day 10 of the menstrual cycle; Group B) women who received the same 

dose of LNG immediately after positive LH detection in urine, and Group C) those women who 

received the same dose of LNG but 48 hours after positive detection of urinary LH. 

During both cycles (control and treated), all women were asked to monitor every moming 

for urinary LH, starting on the 11 th day of the menstrual cycle until the presence of LH was 
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detected. At this time, transvaginal ultrasound was daily performed until FR was observed. This 

was established by the presence of at least three of the following findings: acute decrease in mean 

diameter or disappearance of the follicle, presence of thickened irregular borders, increase 

echogenecity within the follicle, and presence of free intraperitoneal fluid./6 At each attendance, 

ultrasound was undertaken by the same observer using an SSD-2000 ultrasonographic equipment 

(Aloka Co., LTD). Women who did not present positive LH in urine and FR during the control 

cycle were excluded from the study. 

Daily blood samples were obtained from the positive LH detection in urine until the day 

menses began. All samples were centrifuged, and serum stored at -20°C until assayed. Serum 

progesterone (P 4) and estradiol (E2) concentrations were determined in all samples, whereas 

serum LH was quantified only from the day of detected urinary LH until P 4 serum concentrations 

reached at least 3 nglmL. The main purpose for measuring serum LH was to better precise the 

actual time at which LNG was administered during the menstrual cycle, rather than based only on 

urinary LH detection. Follicular phase was considered from the first day of bleeding until the day 

ofmaximum serum LH concentrations and the luteal phase from the next day ofserum LH surge 

until the day before menses began. 

In addition, endometrial biopsies were taken fram alI subjects during both control and 

treated cycles on day LH+9. This day lies within the implantation window, the time during which 

the endometrium has optimal receptivity to implantation.17
,/8 Endometrial tissues were obtained 

with a Novak curette from the anterior wall of the uterine cavity without dilatation of the cervix 

or local anesthesia. Biopsy specimens were irnmediately fixed in formalin solution and used for 

light microscopic examination after embedding in paraffin and staining with hematoxylin and 

eosin. Biopsy specimens were read blindly to the examiner for histologic dating. 
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Hormone assays 

LH in urine was monitored by a commercially available kit (Ovuquick, Come SA de CV, 

Mexico), which positive predictive value for follicular collapse, within 24 to 48 hours after 

positive urinary LH testing, has been estimated in 73% and 92%, respectively.19 Serum 

concentrations of LH, E2 and P 4 were measured in duplicate by specific immunoradiometric 

assay for LH and specific radioimmunoassays for E2 and P 4 using commercial reagents 

(Diagnostic Products Corporation, USA) and protocols provided by the World Health 

Organization Matched Reagent Programme (Geneva, Switzerland) as previously described.20,21 

The inter-assay coefficient of variation (CV) was less than 10% in all honnones, and intra-assay 

CV were 4.9%, 1.63% and 1.33% for LH, E2 and P4, respectively. These CV, were calculated 

from pool s of standard sera at the average hormone concentrations of 16.1 mIU/mL, 50 pglmL 

and 1.5 nglmL for these hormones, respectively. To avoid inter-assay variations all samples 

corresponding to the same individual were measured within the same assay. 

Morphological analysis 

Endometrial morphology was assessed by correlating the chronological date (day after LH 

surge) with the morphological endometrial characteristics of specimens, as an indicator of 

hormone action. The dating of the endometrium was related to the serum LH surge, FR, and 

luteal concentrations of E2 and P4 rather than to the "ideal" 28-days cycle, as previously 

described.21 The parameters examined were number of glands, stromal edema, and predecidual 

changes as evaluated by the presence of prominent spiral arteries. The readings of specimens 

were made blindly by the same morphologist, who had no knowledge of either the day of the 

cycle at which biopsy was taken nor the treatment instituted. Histologic dating was performed 

using criteria described by Noyes et al.,23 and by Hendrickson and Kempson.24 Glandular and 
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stromal elements were dated separately and given equal importance, as described by Lessey, et 

al.25 A specimen in which glandular maturation was delayed by three or more days from the day 

calculated from lhe date ofLH surge was defined as to be "out ofphase".26 

Statistical analysis 

The analysis compared the differences of integrated luteal E2 (ILE2), integrated luteal P 4 

(ILP4), cycle characteristics, and endometrial morphology between the control and treated cycles. 

ILE2 and ILP 4 were analyzed calculating the area under the curve (AVC) for both hormones 

during the luteal phase of the control and treated cycles. The AVe was calculated for nine days 

after serum LH surge by the trapezoid method with the aid of a computer program and expressed 

in arbitrary units, depending on the hormone. A log-normal distribution was assumed27 and a 

unpaired-sample t-test was used to evaluate the significance of differences (p<O.05) between each 

subject's ILP4 and ILE2, daily hormone concentrations, cycle characteristics, and endometrial 

morphology, in the control and treated cycles. A one-sided test was planned because the change 

in markers in treated cycles is expected to occur in only one direction.28 An analysis ofvariance 

was used to report clinical characteristics. 
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RESULTS 

Clinical characteristics 

The characteristics of the study population are given in rabie 1. As depicted, examination 

of the distribution of the different variables revealed no significant differences among aH women 

who were randomly aHocated into the three treatment groups. Accordingly, aH forty five control 

cyc\es were combined as only one reference group. AH subjects had ovulatory control cyc\es 

between 21 and 34 days with luteal phase lengths from 9 to 15 days, with evidence of FR within 

II and 21 days from the first day of the cyc\e. Maximal serum luteal P 4 concentrations were 

observed at day 21 ± 3 days and mean ILP4-AUC was 90.3 ± 41.1 nglmL for nine days after 

serum LH surge (Table 2 and Figure 1). 

Groups reassignment 

Timing comparisons between serum with urinary LH demonstrated inconsistencies in 

twelve out of ninety studied cyc\es (\3.3%). In 4 cases corresponding to control cyc\es (8.8%) 

and 8 to treated cycles (17.7%), urinary LH did not correlate with the day of maximum 

concentrations of serum LH. In these cases, serum LH, along with E2 and P 4 concentrations were 

used rather than urinary LH for cycle dating. Thus, eight subjects during the treated cycle were 

identified as not corresponding to the original assigned groups. Therefore, in four subjects 

originaHy included in Group B and four in Group e the administration of LNG took place 3 ± I 

day prior the serum LH surge was installed and were reassigned into a new Group (Group D). 

This new group received LNG during the late follicular phase, a few days prior the occurrence of 

LH surge. Then, the groups studied consisted finally of 15 subjects in Group A, II in Groups B 

and e, respectively and 8 in Group D. 
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Cyc/e characteristics 

In twelve subjects in Group A, LNG significantly (p<O.05) shortened the mean lengtb of 

the cycle as compared to tbat of control (15 ± 2 vs 26 ± 3 days) and had not luteal phase and were 

therefore exc\uded from the rest of tbe analysis. In the three remaining subjects in Group A, LNG 

administration did not modify significantly the length of the cyc\e (28 ± 6 days) as it is shown in 

Table 2. In Groups B, e and D no modifications were noted on cycle length (27 ± 2, 26 ± 1 and 

24 ± 5 days, respectively). Follicular phase length was significantly longer only in the tbree 

ovulatory subjects of Group A (19 ± 2 vs 15 ± 3 days, p<O.05). In the remaining groups no 

differences were observed in follicular phase length between the treated and control cyc\es (Table 

2). In all subjects in Groups B and e there were no differences in luteal phase length between the 

treated and control cyc\es. The three LNG treated subjects with a normal cyc\e length in Group A 

and all the treated subjects in Group D had a significant shortening (9 ± 4 and 10 ± 4 days, 

respectively) ofthe luteal phase (Table 2). 

Effects on ovulation 

As it was mentioned, twelve subjects of Group A had anovulatory cycles following LNG, 

as evidenced by the absence of urinary LH and ultrasonographic findings of FR, and the 

occurrence of endometrial bleeding within 6.3 ± 1.9 days (range 4 to 1 I days ) after treatrnent. 

The tbree ovulatory subjects in Group A had a delayed positive test for LH in urine which was 

further corroborated by measurements of serum LH and FR (Table 2). All subjects in Groups B, 

e, and D had ultrasonographic findings of FR and LNG administration did not modify the day of 

the cyc\e at which FR occurred (16 ± 2, 16 ± 2, and 15 ± 2 days vs 15 ± 2 days, respectively) 

(Table 2). 
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Effects on E2 and P4 during the luteal phase 

Figures l and 2 depict daily serum concentrations of P 4 and E2 as weH as ILP JILE2-AUC, 

respectively from treated and control cycles. As previously mentioned, only three subjects of 

Group A ovulated since presented urinary/serum LH and ultrasonographic evidence of FR. 

Although daily serum P 4 concentrations and ILP 4-AUC values, in these subjects, did not reach 

statistical difference between the LNG-treated and control cyc1e, the mean serum ILP 4-AUC 

obtained (44.7 ± 26.7 nglmL/9 days) was notably lower than that observed in control cyc1es (90.3 

± 41.1 nglmL/9 days). In addition, no changes were observed in serum ILE2-AUC during the 

luteal phase between treated (1083 ± 744 pglmL/9 days) and control cyc1es (989 ± 385 pglmL/9 

days). 

As already mentioned, aH subjects in Groups B, e and D ovulated. With the exception of 

Group D, the mean serum ILP4-AUC, in aH remaining groups, was similar when compared with 

the control cyc1e (Figures l and 2). In Group D, subjects presented a significantly lower daily 

serum P4 concentrations and ILP4-AUC when compared with those in control cyc1es (15.9 ± 10.6 

nglmL/9 days vs. 90.3 ± 41.1 nglmL/9 days, respectively). No significant changes in ILE2-AUC 

were observed in aH groups. 

Endometrial effects 

In both control and treated cyc1es, neither inflammatory, reactive nor other abnormal 

features in tissue specimens were observed. As shown in Table 3, with exception of four 

endometrial specimens taken during the control cyc1e, endometrial morphology corresponded, 

according to both LH surge and FR, to the expected day (LH+ 8.6±1.3 days) at which the biopsy 

was obtained. The results were highly consistent with the chronological date of sampling, since 

differences longer than three days between the histological diagnosis and the day of the cyc1e 
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were not observed. A total of 24 out of 33 biopsies from treated cyc\es with ovulatory features 

were studied. The rest were exc\uded due to an insufficient tissue sample (one from Group B and 

D, respectively) or because sampling did not correlate with the cyc\e day (three from Group A 

and four from Group D). Table 3 summarizes the morphological findings in Groups B, e and D. 

As depicted, no significant changes were observed between treated and control specimens in any 

of the studied parameters. No significant differences among groups were al so observed. Of 

particular importance was the finding that the predecidual changes as evaluated by the presence 

of prominent spiral arteries, which are considered crucial for implantation, were unchanged by 

LNG. U 
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DISCUSSION 

Our study investigated the effects of short term administration of LNG on ovulation and 

luteal phase function in ovulatory women with tubal ligation. Results are consistent with other 

studies showing that preovulatory administration of LNG alone or in combination with estrogens 

suppresses ovulation in most, but not all cases.5
•
29 We could not, otherwise, demonstrate 

significant alterations in P 4 and E2 during the luteal phase when LNG was administered at the 

time of LH surge or the day after the occurrence of FR. These observations strongly suggest that 

effects of LNG on the hypothalamic pituitary ovarian axis depend on the stage of the menstrual 

cycle at which the progestin is administered. 

A highlight in this study was the possibility to identify the exact cycle day of LNG 

administration, particularly relative to the midcycle serum gonadotropin surge. Serum LH 

measurements helped us to assess the day of ovulation, adding a new dimension to data 

interpretation of our study. Urinary LH proved to be a poor guide to determine the day of 

ovulation, yielding 13.3% false positives (true LH surge in semm occurred later in the cycle). 

This observation may explain inconsistencies found in a variety of studies on the effects of acute 

and timed administration of steroids upon the menstrual cycle based only on urinary LH. In 

addition, this study al so provides information on the effects of LNG upon endometrial 

morphology during the implantation window. 

Postcoital steroid administration is a well recognized safe, and effective mean of 

preventing pregnancy.4.14 Limited information, however, exists on the mechanisms by which 

postcoital LNG achieves its contraceptive effect. The few studies on the contraceptive 

mechanisms of LNG suggest that in EC it may have, depending on the time of administration 

during the cycle, a wide spectrum of actions, affecting steps from follicular growth and 

development, midcycle gonadotropin surge and ovulation to corpus luteum and endometrial 
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function. IO,12,13,30-31 Interestingly, in previous studies, LNG administered during the luteal phase 

revealed no alterations on neither cycle length nor endometrial morphology.12,13 

In the present study, ovulation was suppressed in 80% of subjects receiving LNG during 

the follicular phase (Group A). On the contrary, ovulation occurred in all those women treated 

immediately before the LH preovulatory surge (Group O); however, in these subjects deficient P 4 

production with a significantly shorter luteal phase length were observed. Findings in Group A 

are consistent with an impaired follicular maturation leading to deficient E2 and P 4 production 

during the follicular and luteal phase, respectively. In this regard, P 4 has been involved in follicle 

atresia by a mechanism leading, in part, to the accumulation of follicular fluid low-molecular-

mass insulin-like growth factor binding proteins (IGFBPs) with a concomitant reduction in the 

content and bioavailability of insulin-like growth factor 1 (IGF-I).33 Indeed, the IGF system has 

actually been considered as a positive regulator of follicular development as it enhances both 

proliferation and differentiation through amplifYing the action of gonadotropins on follicular 

cells.34-36 Furtherrnore, there is also evidence supporting the suppressive effects of progestins on 

FSH-stimulated E2 production by cultures of granulosa cells,37,38 including the in vivo inhibitory 

effects of P 4 on follicular development even in the presence of elevated serum levels of FSH.39 

In addition, LNG administration to cycling cynomolgus mOnkeys40 significantly decreased the 

serum levels of androstenedione, implying that estrogen precursors synthesis is also a target of 

LNG action at the ovarian level. These observations indicate that the preovulatory effects of LNG 

on the hypothalamic pituitary unit are mediated, at least partially, by the progestin direct action 

on the growth, development and steroidogenic capacity of the ovary to produce adequate E2 

concentrations in serum as the primary signal triggering the LH surge. The finding of ovulatory 

cycles in three subjects belonging to Group A is unexplained but, variations in absorption and 
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clearance, as well as, differences in ovarian sensitivity after LNG administration should be 

considered among the causes of method failure. 

On the other hand, the occurrence of ovulation in study subjects receiving LNG within 

tbree days before the onset of LH peak (Group D) may represent either a null-effect or an 

amplifying P 4-like effect of LNG on the hypothalamic pituitary unit. Under physiological 

conditions, a small but significant rise in P 4 has been considered as the ultimate ovarian signal to 

trigger gonadotropin preovulatory surge.4
/.

43 The finding of delayed ovulation following the 

administration of RU 486 just before midcycle LH surge/4 strongly supports these observations. 

lt remains, however, unclear whether LNG by itself could induce the positive feed-back 

discharge of pituitary LH at this time of the cycle. In addition, P 4 administration during follicular 

phase results in increased amplitude and decreased frequency of LH pulses, consistent with the 

pattem observed during the luteal phase of the cycle.45 These changes may partially reflect 

alterations in hypothalamic GnRH secretion that without apparently affecting preovulatory surge 

of LH and FR could be involved in deficient P 4 production observed during the luteal phase. 

Evidence that LNG might affect corpus luteum function tbrough changes in LH pulsatile pattem 

prior to the triggering of LH surge in addition to or rather than through a direct action upon P 4 

production can be encountered in other studies.46 

In this study, LNG administration to subjects at the time of the time (Group B) or 48 

hours after (Group C) LH surge did not affect the overall P 4 production or the length of the luteal 

phase. This finding agreed with the well known raise in P 4 serum levels at the time and after the 

onset of the LH surge.43 lt is therefore possible to speculate that LNG, acting as a P4-like factor, 

should not disturb the process of follicular rupture and the installment of a normal corpus luteum. 

Indeed, in mice lacking P 4 receptors there is no evidence of ovulation and corpus luteum 

formation despite the presence of LH exposed mature preovulatory follicles/ 7 indicating the 

-- - --------------
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important role of P 4 in the process leading to follicular rupture and ovulation. These results al so 

correlate with the presence of normal histopathological features in endometrial biopsies taken 

during the implantation window in women form Groups 8, C, and D. It is important to mention 

that existence of predecidual endometrial changes, as evaluated by the presence of prominent 

spiral arteries in this study, strongly suggest the apparent preservation for implantation 

capabilities in these LNG exposed tissues. 

It is therefore possible to conclude that interference of LNG with the mechanisms 

involved in installing the LH preovulatory surge depends on the stage of follicular development. 

Thus, anovulation results from disrupting both normal development and hormonal activity of a 

growing follicle. In addition, the finding that LNG administration at late follicular phase did not 

interfere with Ermediated midcycle gonadotropin surge and ovulation but, otherwise, did alter P 4 

production by the corpus luteum requires further investigation, particularly in those mechanisms 

involved on LNG actions at both the ovarian and hypothalamic pituitary unit, including the 

interference with preovulatory signals for adequate development and hormonal function of the 

human corpus luteum. 

It is important to mention that additional targets, besides those described, should 

also be considered and further investigated for the contraceptive effects of LNG. One recent 

study, for example, reported that c1ustering of observed pregnancies around predicted ovulation 

markedly differed when compared with the expected number in untreated cycles regardless of 

timing at which coitus took place. 5 On the other hand, contraceptive efficacy is inversely related 

to the time interval between coitus and EC administration, regardless of the cycle day.48 

Additionally, statistical analysis of contraceptive effectiveness of Yuzpe EC regimen suggests 

that mechanisms other than interference with ovulation might also be involved.49 



• • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • • • 

Our results may offer a plausible explanation for the contraceptive effects of LNG 

given postcoitally prior to or during the mechanism involved in triggering the LH surge and 

corpus luteum development. We hope to help dismantle with such experimental evidence the 

erroneously idea that EC typical acts as an abortifacient. 
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• Table l. Baselioe clioical characteristics oC study groups 
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Age (years) 

Body mass index (Kg/m2
) 

Parity (pregnancies) 

Time post-sterilization (years) 

Length of three previous cycles 
[days (range)] 

• Results expressed as the mean ± SD 

• 
• • 
• • • • • 
• • • • • 
• 

30.7±3.1 

27.7± 3.8 

2.7± 0.9 

3.2 ± 3.9 

28.7± 2.0 
(25-31 ) 

Group B 
(0=15) 

31.5±3.1 

25.9 ± 4.9 

2.8 ± 1.3 

3.9 ± 2.9 

28.8 ± 1.5 
(26-31) 

Group e 
(n=15) 

31.5 ±2.2 

26.8 ± 3.3 

2.8 ± 0.9 

4.3 ± 3.4 

28.9 ± 2.4 
(25-32) 



• • • Table 2. Ovarian cycIe characteristics in control and treated groups 

• • Control Group A Group B Group C Group O 

• (n=45) (n=3) (n=ll) (n=ll) (n=8) 

• Cycle length (days) 26 ± 3 28 ± 6 27 ± 2 26 ± I 24 ± 5 • (21-34) (21-32) (22-29) (23-28) (17-32) 

• • Length of follicular phase (days) 15 ± 3 19 ± 2* 15 ± 2 15 ± I 14 ± 3 
(11-20) (17-21) (13-18) (13-17) (10-17) 

• • Length ofluteal phase (days) 12 ± I 9 ±4* II ± 2 II ± I 10 ± 4* 

• (9-15) (4-12) (9-14) (10-13) (5-16) 

• Follicle rupture (cycle day) 15 ± 2 18 ± 4* 16 ± 2 16 ± 2 15 ± 2 • (11-21) (14-22) (13-18) (13-19) (11-18) 

• • Maximal luteal P 4 (cycle day) 21 ± 3 24±4 23±2 22±2 24± 3 
(16-29) (20-27) (19-25) (18-24) (19-27) 

• • ILE2-AUC (pg/mL) 989 ± 385 1083±744 812 ± 225 775 ± 239 1160±817 

• (427-2608) (517-1926) (405-1074) (416-1265) (161-3790) 

• ILP4-AUC (ng/mL) 90.3 ± 41.1 44.7 ± 26.7 69.4 ± 22.6 72 ± 18 15.9 ± 10.6* 

• (31-254) (15-65) (42-124) (43-114) (1.3-87) 

• • Results expressed as the mean ± SO (range) 
* p<0.05 vs. control 

• • • • 
• • • • 
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Table 3. Endometrial morphology in control and treated groups 

Control GroupB Group C 
(n=4l) (n=IO) (n=ll) 

Postovulatory day 8.6 ± 1.3 8.7 ± 0.6 9.0± 0.8 

Total area of tissue 
(mnl) 

1,988 ± 55 2,003 ± 45 1,984 ± 62 

Number of glands 59 ± 12 58 ± 7 55 ± 8 
per visual field 

Number of glands 30±6 29 ± 4 28±4 
. 1 2 m mm 

Stromal edema 
(mm2

) 

1,049±308 1,225±261 1,011±209 

% of tissue with 
stromal edema 

Spiral arteries per 
visual field 

53 ± 15 

6±3 

Results expressed as the mean ± SD 

61 ± 14 51 ± lO 

4±1 5±2 

Group D 
(n=3) 

9.0±0 

2,015±26 

58 ± 1 

29 ± 0.8 

1,142 ± 40 

57 ± 1.4 

4±0.7 
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Figure 1. Daily and integrated luteal serum P 4 following short-term LNG administration. 

Mean ± SD of daily serum P4 concentrations in 45 control cycles (O) and those following short

term LNG administration (e) at middle follicular phase (Group A), periovulatory LH surge 

(Group B), 24 hours after FR (Group C), and late follicular phase (Group D). The ILP 4-AVe in 

control and treated cycles is shown in light and dark bars, respectively. The ILP4 is expressed as 

tbe AVe of individual serum P 4 concentrations during nine days after serum LH surge. 

*p<O.05 vs. control cycle. 
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Figure 2. Daily and integrated luteal serum E2 following short-term LNG administration. 

Mean ± SD of daily serum E2 concentrations in 45 control cycles (O) and those following short

term LNG administration (e) at middle follicular phase (Group A), periovulatory LH surge 

(Group B), twenty-four hours after FR (Group e), and late follicular phase (Group D). The ILE2-

AVe in control and treated cycles is shown in light and dark bars, respectively. The ILE2 is 

expressed as the AVe of individual serum E2 concentrations during nine days after serum LH 

surge. 

*p<O.05 vs. control cycle. 
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