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Objective: To determine pharmacokinetic profiles of two times a day and three times a day dosage regimens
of Endometrin, a micronized progesterone vaginal insert for luteal support in assisted reproductive technology,
compared with a gel.
Design: A single-center, randomized, open-label, single-day, and multiple-day (5 days) parallel design pharmaco-
kinetic study.
Setting: University clinical research unit.
Patient(s): Three groups of six healthy subjects, ages 18 to 40 years.
Intervention(s): Endometrin vaginal inserts two times a day or three times a day, or gel daily.
Main Outcome Measure(s): Pharmacokinetic profiles.
Result(s): Progesterone serum concentrations increased rapidly following administration of Endometrin vaginal
insert, producing higher peak concentrations (Cmax) and clearing faster than gel. On the single day of dosing,
mean Cmax was 17.0 ! 2.7 ng/mL in the two times a day group, 19.8 ! 2.9 ng/mL in the three times a day group,
and 6.82 ! 1.69 ng/mL in the gel group. Endometrin treatments reached steady state within the first 2 days (24–36
hours), much more rapidly than the gel, which had not reached steady state by 5 days. At 5 days, the Endometrin
treatments produced sustained progesterone concentrations exceeding 10 mg/mL across 24 hours.
Conclusions: Endometrin vaginal inserts reached higher Cmax, produced greater systemic exposure (area under
the curve 0–24), achieved steady state more rapidly, and cleared more rapidly after termination of therapy than
the comparator. (Fertil Steril! 2010;94:1296–301. "2010 by American Society for Reproductive Medicine.)

Key Words: Endometrin, progesterone, progesterone supplementation, luteal support, assisted reproductive
technology, vaginal, pharmacokinetics, PK, in vitro fertilization, IVF

In vitro fertilization and other assisted reproductive technology
(ART) treatments often require exogenous luteal phase support
(1–3). Normal, adequate endometrial preparation includes endome-
trial proliferation by estrogen, and secretory transformation by
progesterone, whether provided endogenously or exogenously.
Available exogenous progesterone options for endometrial support
in ART cycles currently include oral, intramuscular (IM), and,
more recently, vaginal formulations.

Although the convenience of oral administration is attractive,
progesterone is rapidly cleared by first-pass hepatic metabolism af-
ter oral administration (4–6). Consequently, systemic bioavailability
of progesterone is signficantly lower after oral than after vaginal
administration (7). To compensate for this low bioavailability, oral
administration requires high doses that are associated with systemic
adverse effects, including drowsiness, flushing, and nausea (4).

In addition, the pharmacokinetic properties of orally adminis-
tered progesterone are influenced by food intake (8). Furthermore,
orally administered progesterone has been shown to have limited ef-
ficacy in inducing an in-phase secretory endometrium, and evidence
indicates a less favorable ART outcome using oral application
compared with either the IM or vaginal route (1, 9, 10).

Progesterone is rapidly absorbed after IM administration; high
plasma concentrations are generally achieved within 2 hours, and
peak concentrations within 8 hours (4, 8). Nevertheless, the IM
administration of the oil-based product can be extremely uncomfort-
able. Daily injections are required to maintain adequate serum pro-
gesterone concentrations, especially in patients with ovarian failure
who lack any endogenous contribution. Reaching placental auton-
omy may take up to 10 to 12 weeks, thus necessitating a protracted
use of daily IM injections. Injections can lead to patient discomfort,
inflammatory reactions at the injection site, sterile abscesses, and
possible infections (4). Rare severe complications may include
hematomas and secondary nerve compression (11).

The vaginal route has recently gained attention because it avoids
the variable absorption and high first-pass hepatic metabolism after
oral ingestion, while also preventing the uncomfortable, often pain-
ful, IM injection (4). Vaginal application can result in sustained
plasma concentrations (12–14). Experimental and clinical data
also suggest that vaginal application provides significant levels of
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progesterone to the endometrial tissue, inducing secretory transfor-
mation (4, 6, 15, 16).

Progesterone is available for vaginal administration (17–24). Its
pharmacokinetics compare favorably with oral administration. Pro-
gesterone given vaginally results in greater bioavailability and less
variability in serum concentrations than does oral progesterone.
Thus, vaginal administration of progesterone provides a more reli-
able delivery of progesterone than oral administration. Furthermore,
a cohort observational study comparing vaginal administration with
IM injection found equivalent endometrial development and preg-
nancy rates (18).

A novel vaginal micronized progesterone insert (Endometrin) has
recently been approved for luteal support in the treatment of infertile
women undergoing ART (25). The comparative pharmacokinetic
parameters of this new vaginal insert and a previously marketed vag-
inal gel progesterone formulation had not been determined. The pur-
pose of this study was to determine the pharmacokinetic and safety
profiles of two dosage regimens of the micronized progesterone 100
mg vaginal insert (twice a day and three times a day) compared with
the pharmacokinetic and safety profile of the 8% vaginal gel (90 mg
every day) in normal, reproductive-aged females with an intact
uterus. The principal pharmacokinetic objectives of this study
were to: [1] obtain single-day and steady-state progesterone phar-
macokinetics for the three treatment groups, [2] describe progester-
one steady-state pharmacokinetics, and [3] compare progesterone
pharmacokinetics among the three treatment groups.

MATERIALS AND METHODS
The study protocol was approved by and conducted in accordance with the
guidelines of the University of Miami Human Subjects Research Committee
(institutional review board); it was also conducted in accordance with Good
Clinical Practices and International Council on Harmonization guidelines.
Study personnel obtained written informed consent directly from all subjects
before their entry into the study. All clinical study procedures were
conducted in the Phase I Clinical Research Unit of the Division of Clinical
Pharmacology of the University of Miami.

Study Design
This was a single-center, randomized, open-label, parallel design pharmaco-
kinetic study in normally cycling female subjects between 18 and 40 years of
age with an intact uterus. Eighteen eligible subjects (six per treatment group)
were randomly assigned to receive one of two different dosing regimens of
a 100 mg vaginal insert (two or three times a day) (Endometrin, Ferring Phar-
maceuticals, Inc., Parsippany, NJ) or 8% gel (90 mg every day) (Crinone,
Serono, Inc., Rockland, MA). The study was divided into four phases:
screening, single-day (single day of dosing), washout, and multiple day
(5 days of dosing). Blood samples for pharmacokinetic analyses were
collected over a 48-hour period during the single-day phase and starting on
day 5 of the multiple-day phase. A 7-day washout phase, immediately
following the 24 hours of the single-day administration, separated the
single-day and multiple-day phases of the study.

Eligible subjects were in general good health as determined by medical
history and physical examination. Subjects were required to have regular
menstrual cycles (24 to 35 days), a body mass index of 18 to 28 kg/m2, a docu-
mented negative Pap smear, and a negative urine pregnancy test. After
successful screening, the subject was randomly assigned to one of three treat-
ment arms of study medication, initiated after menstrual flow ceased, be-
tween cycle days 5 and 8 of the subject’s menstrual cycle. During the
single-day phase, study drug was administered for 1 day (a single dose for
the every day treatment, two doses 12 hours apart for the two times a day
treatment, and three doses 8 hours apart for the three times a day treatment).
Each dose of study medication was administered under the direct observation
of a member of the study team. Blood samples for pharmacokinetic analysis

were obtained pre-dose (0 hour), and at 2, 4, 8, 12, 16, 24, 36, and 48 hours
following the first dose of study medication.

After the 7-day washout phase, the subject returned to the phase I inpatient
unit for a stay of approximately 6 overnights and received 5 days of treatment
during the multiple-day phase. On day 5 of medication, blood samples for phar-
macokinetic analysis were obtained from all subjects pre-dose (0 hour) and at 2,
4, 8, 12, 16, 24, 36, and 48 hours after first dosing. For the vaginal insert two
times a day or three times a day regimens, medication was administered imme-
diately after the 12-hour or immediately after the 8- and 16-hour blood samples,
respectively. All subjects were assessed for the following safety parameters
during participation in the study: adverse events (AEs), serious AEs (SAEs),
clinical laboratory evaluations (hematology and serum chemistry), vital signs
(blood pressure, heart rate, and body temperature), and electrocardiogram.

Analytical Methods
A validated, sensitive, and specific radioimmunoassay using an 125I labeled
progesterone derivative was used to quantify progesterone concentrations
in human serum. Intraassay coefficients of variation for quality control
samples ranged from 2% to 8%, and interassay coefficients of variation for
quality control samples ranged from 5% to 10%.

Statistical Methods and Pharmacokinetic Analysis
Treatment group comparisons for demographic and baseline characteristics
were based on Fisher’s exact test for qualitative variables and analysis of
variance or the Kruskal-Wallis test, as appropriate, for quantitative variables.
Summary statistics were tabulated by treatment group.

Pharmacokinetic parameters determined for single-day and for multiple-
dose, multiple-day, treatment day 5 included maximum observed serum con-
centration (Cmax), time to maximum observed serum concentration (Tmax),
area under the serum concentration–time curve over the dosing interval
(AUC0–T) and for the 24-hour period (AUC0–24). Trough (predose) concen-
trations were used to assess the onset of steady state. The Fluctuation Index
over a 24-hour period was calculated as the (Cmax ! Cmin)/(AUC(0–24)/24),
where Cmin was determined by inspection. Pharmacokinetic calculations
were done using built-in functions in the Excel 2003 component of Microsoft
Office 2003 (Microsoft, Redmond, WA) and confirmed by comparison to
output from WinNonlin 4.0.1 (Pharsight Corporation, Sunnyvale, CA).

RESULTS
A total of 18 subjects were screened and randomized to treatment.
Six subjects were assigned to each treatment group (Table 1). All
subjects were female, and ranged in age from 18 to 40 years.
Most of the subjects were Hispanic (13/18, 72%). Body mass index
ranged from 22 to 28 kg/m2. No statistically significant differences
were observed in demographic characteristics across treatment
groups or between the groups. Gynecologic history was generally
similar across treatment groups. A statistically significant difference
was observed across groups in average cycle length (P".008), but
all cycle lengths were normal and the difference was not considered
clinically meaningful. All 18 subjects completed both the single day
of dosing and multiple days of dosing. Compliance was 100% in all
groups.

Pharmacokinetic Results
Single-day Treatment
The mean concentration–time profiles for the three treatment groups
during the single-day phase are presented in Figure 1. Figure 1
demonstrates consistently higher progesterone concentrations for
both the two and three times a day Endometrin insert groups than
for the gel group. The mean progesterone concentrations observed
during the first 8 hours after administration of the first dose (hours
0–8 in the single-day profile) were nearly identical between
the two and the three times a day vaginal insert groups. The
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concentrations in the three times a day group exceeded those of the
two times a day group beyond 8 hours, the time that a second dose
was administered in the three time a day group. Derived pharmaco-
kinetic parameters for serum progesterone are presented in Table 2.
On the single day of dosing, mean Cmax was 17 ng/mL in the two

times a day insert group, 19.8 ng/mL in the three times a day insert
group, and 6.8 ng/mL in the vaginal gel group. The 24-hour systemic
exposure AUC0–24 was 217 ng#h/mL in the two times a day insert
group, 284 ng#h/mL in the three times a day insert group, and 81
ng#h/mL in the gel group.

Approach to Steady State
The kinetics of the approach to steady state were monitored by sam-
pling trough (predose) concentrations once per day during the mul-
tiple days of dosing. The mean progesterone trough concentrations
each day during the multiple-day phase are presented graphically
in Figure 2. Figure 2 demonstrates that the progesterone concentra-
tions produced with the vaginal insert two times a day and the
vaginal insert three times a day dosing approximated steady state
progesterone concentrations within 24 to 32 hours after the first
dose. The approach to steady state with the vaginal gel was consid-
erably slower. The trough concentrations for the gel every day group
did not fully reach steady state by the end of the fifth day of dosing.

Trough levels first exceeded 10 ng/mL on day 1 in the two times
a day insert group and on day 2 in the three times a day insert group,
but had not reached 10 ng/mL even by the end of day 5 in the gel
group (Fig. 2). These results suggest that the vaginal insert two
and three times a day can reach a targeted concentration range in
a substantially shorter time than the vaginal gel therefore earlier in
the course of a treatment program.

TABLE 1
Subject demographic characteristics and gynecological history.

Insert Insert Gel Insert

Characteristic
100 mg bid

(n [ 6)
100 mg tid

(n [ 6)
90 mg qd

(n [ 6)
Combined
(n [ 12) P value

Race
Hispanic 5 (83%) 3 (50%) 5 (83%) 8 (67%) Across: .527a Insert combined

versus Gel: .615aCaucasian 1 (17%) 3 (50%) 1 (17%) 4 (33%)
Age (y)

Mean (SD) 35.8 (4.96) 32.7 (9.63) 35.5 (2.59) 34.3 (7.48) Across: .652b Insert combined
versus Gel: .700cMinimum, maximum 29, 40 18, 40 33, 39 18, 40

BMI (kg/m2)
Mean (SD) 24.7 (2.73) 26.0 (1.97) 26.8 (1.17) 25.3 (2.38) Across: .218b Insert combined

versus Gel: .168cMinimum, maximum 22, 28 23, 28 25, 28 22, 28
No. of pregnancies

Mean (SD) 2.2 (1.47) 1.3 (1.51) 1.2 (0.75) 1.8 (1.48) Across: .380b Insert combined
versus Gel: .383cMinimum, maximum 1, 5 0, 3 0, 2 0, 5

No. of births
Mean (SD) 2.2 (1.47) 1.0 (1.26) 0.8 (0.75) 1.6 (1.44) Across: 0.146b Insert combined

versus Gel: .254cMinimum, maximum 1, 5 0, 3 0, 2 0, 5
No. of abortions

Mean (SD) 0.0 (0.00) 0.3 (0.52) 0.3 (0.82) 0.2 (0.39) Across: .505b Insert combined
versus Gel: .559cMinimum, maximum 0, 0 0, 1 0, 2 0, 1

Average cycle length
Mean (SD) 27.0 (1.55) 29.3 (1.03) 26.5 (1.64) 28.2 (1.75) Across: .008b,* Insert combined

versus Gel: .070cMinimum, maximum 25, 28 28, 30 25, 28 25, 30

Note: SD " standard deviation; BMI " body mass index; Insert " Endometrin; Gel " 8% Crinone; bid" two times a day; tid " three times a day; qd " every
day.

* Statistically significant difference (P%.05).
a P value from two-tailed Fisher’s exact test.
b P value from one-way analysis of variance or Kruskal-Wallis test, as appropriate.
c P value from t test or Wilcoxon Rank Sum test, as appropriate.

Blake. Endometrin vaginal progesterone PK study. Fertil Steril 2010.

FIGURE 1

Single-day treatment phase: mean ($SEM) serum progesterone
concentrations (ng/mL).
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Multiple-day Treatment: day 5
Figure 3 provides a display of the day 5 mean serum progesterone
concentrations for the three treatment groups. Both insert treatments
were associated with sustained concentrations above 10 ng/mL
throughout the 24-hour period of day 5, a progesterone threshold as-
sociated with the midluteal phase, whereas the gel treatment did not
continuously maintain this level. The derived pharmacokinetic pa-
rameters for the three treatment regimens are displayed in Table 2.
The vaginal insert two and three times a day groups demonstrated
a higher Cmax than the vaginal gel group. The insert regimens pro-
vided greater systemic exposures than did the gel as measured by
the AUC0–24, with values on day 5 ranging from 264 ng#h/mL
(gel) to 436 ng#h/mL (insert three times a day).

Comparing the two and three times a day Endometrin regimens
revealed that the three times a day regimen, with its 50% higher daily
dose, produced higher systemic concentrations, although only about
30% higher (AUC0–24: 327 ng#h/mL vs. 436 ng#h/mL). The less
than dose–proportional response may have been a result of random

variability, but it is also consistent with a less than dose–proportional
response seen across most treatments in a previous study with Endo-
metrin (Ferring data on file). Comparison of Figures 1 and 3 demon-
strates that the 8% vaginal gel administered every day showed
substantial accumulation between day 1 and day 5 of treatment.
Cmax on day 5 (14.3 ng/mL) was more than twice the Cmax observed
after a single application of vaginal gel (6.8 ng/mL), evidence of the
slow approach to steady state.

The three treatment regimens differed with respect to their vari-
ability in the pharmacokinetic parameters. The vaginal gel had the
greatest between-subject variability in its day 5 pharmacokinetic pa-
rameters, whereas the vaginal insert three times a day had the least
variability. The coefficient of variation for Cmax on day 5 in the gel
group was 39.7%, but only 23.2% in the Endometrin three times
a day group. It was intermediate, 29.9%, in the Endometrin two
times a day group.

The decay phases for both Endometrin two and three times a day
were almost identical at 24 and 48 hours postdose. The gel had a pro-
longed elimination phase, in which concentrations decreased by
only about a factor of four during the 48-hour observation period.
The elimination phase slowed even further with repeated dosing,
such that, by the end of the 5-day period, there was essentially no
decay in serum progesterone concentration over the 36-hour
window from 12 hours to 48 hours postdose.

Safety Results
An AE is defined as any untoward medical occurrence in a trial sub-
ject who has received any study medication; the event does not
necessarily have a causal relationship with the study medication.
Serious adverse events encompass the following events: death,
life-threatening (i.e., at immediate risk of death), in-patient hospital-
ization or prolongation of existing hospitalization, persistent or
significant disability/incapacity, congenital anomaly/birth defect.

A total of seven AEs were reported during the study, and no
SAEs. One subject in the vaginal gel every day group reported head-
ache. All other AEs occurred in the three times a day group. Three
subjects experienced mild vaginal bleeding, which was judged as
probably related to study drug. For all three subjects, the mild bleed-
ing occurred during the washout phase following the single day of

TABLE 2
Mean (±SEM) serum progesterone pharmacokinetic parameters.

Endometrin 100 mg bid
(n[6) Mean ± SEM

Endometrin 100 mg tid
(n[6) Mean ± SEM

Gel 90 mg qd
(n[6) Mean ± SEM

Single-day treatment
Cmax ng/mL 17.0 $ 2.7 19.8 $ 2.9 6.8 $ 1.69
Tmax h 24.0 $ 0.0 17.3 $ 3.0 13.3 $ 2.5
AUC (0–T) ng#h/mL 88.4 $ 21.1 41.7 $ 15.5 80.9 $ 17.0
AUC (0–24) ng#h/mL 217 $ 46 284 $ 58 81 $ 17.0

Multiple-dose, multiple-day treatment, day 5
Cmax ng/mL 18.5 $ 2.3 24.1 $ 2.3 14.3 $ 2.3
Tmax h 18.0 $ 3.8 18.0 $ 3.8 12.3 $ 5.2
Cmin ng/mL 8.9 $ 1.85 10.9 $ 2.7 7.4 $ 1.43
AUC (0–T) ng#h/mL 167 $ 24 127 $ 14 264 $ 46
AUC (0–24) ng#h/mL 327 $ 52 436 $ 43 264 $ 46
Cl/F L/h 657 $ 87 846 $ 112 417 $ 95

Note: bid " two times a day; tid " three times a day; qd " every day; AUC " area under the curve.

Blake. Endometrin vaginal progesterone PK study. Fertil Steril 2010.

FIGURE 2

Days 1–5 of the multiple-day treatment phase: mean ($SEM)
serum progesterone trough concentrations (ng/mL).
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three times a day dosing, and none had episodes of bleeding while
still on the progesterone treatment. This is consistent with normal
withdrawal bleeding following progesterone exposure, rather than
breakthrough bleeding. One subject each experienced abdominal
pain, back pain, and rash. No subjects in the two times a day or
gel groups reported vaginal bleeding during the study. All AEs
were mild in intensity. All events resolved without treatment within
3 to 4 days. No deaths, SAEs, or AEs that led to withdrawal of study
drug were reported during the study.

DISCUSSION
This article describes a single-center, randomized, open-label, phar-
macokinetic study of Endometrin vaginal inserts in 18 reproductive-
aged cycling female subjects between 18 and 40 years of age with an
intact uterus. The primary objective of this randomized clinical trial
was to determine the pharmacokinetic profiles of two dosage regi-
mens of the vaginal micronized progesterone insert, Endometrin
(100 mg two times a day and 100 mg three times a day) compared
with the pharmacokinetic profile of the available 8% vaginal gel
(90 mg every day) in healthy, reproductive-aged females. The study
was designed to compare single-day and steady-state progesterone
pharmacokinetics for the three treatment groups, describe progester-
one steady-state pharmacokinetics, and compare progesterone phar-
macokinetics among the three treatment groups.

This study suggests that the pharmacokinetic profile of both dos-
age regimens of the vaginal insert formulation of progesterone
compares favorably with the vaginal gel formulation. In this clinical
trial, vaginal insert administration of progesterone was associated
with a rapid rise in progesterone concentrations, significant plasma
concentrations and bioavailability, a relatively rapid achievement of
steady-state concentration, and less variability of plasma progester-
one concentration than the gel formulation. Progesterone serum con-
centrations increased rapidly following the administration of the
vaginal insert and produced higher peak concentrations than did
the vaginal gel. On the single day of dosing, mean Cmax was 17
ng/mL in the two times a day insert group and 19.8 ng/mL in the
three times a day insert group, but only 6.8 ng/mL in the vaginal
gel group. The vaginal insert treatments also appeared to reach

steady-state concentrations more rapidly than did the vaginal gel,
based upon trough concentrations. The progesterone concentrations
produced by the insert approximated the steady state progesterone
concentrations by 24 to 32 hours after the start of dosing. The vag-
inal gel was estimated to require 6 or more days to reach the steady
state serum concentrations.

Because a midluteal phase serum progesterone level of 10 ng/mL
is associated with adequate corpus luteum function and results in en-
dometrium that is capable of maintaining pregnancy (26–29), it is
important to note that both the two and the three times a day vaginal
insert regimens provided adequate progesterone concentrations,
with serum levels exceeding 10 ng/mL early in the multiple-day
treatment phase, whereas the vaginal gel required nearly 1 week
to reach the targeted physiologic level. In addition, progesterone
concentrations were sustained in excess of 10 ng/mL throughout
the 24-hour interval of day 5 of the multiple-day dosing phase
with both insert regimens. The gel had the greatest variability in
pharmacokinetic parameters, whereas the insert three times a day
had the least variability.

Progesterone levels fell much more precipitously after discontin-
uation of either insert dosage (two or three times a day) than follow-
ing withdrawal of treatment by gel.

Both the vaginal inserts and the vaginal gel were generally safe
and well tolerated. All AEs were mild in intensity and resolved with-
out treatment within 3 to 4 days. No deaths, SAEs, or AEs that led to
withdrawal of study drug were reported during the study.

Limitations of our study include the small sample size and con-
siderable variability of plasma concentrations among the study sub-
jects. We compared two and three times a day regimens to the every
day regimen of the vaginal gel. Thus, this is not a direct comparison
of single-dose pharmacokinetics between the two formulations.
Nevertheless, the dosages and frequencies of administration corre-
spond to those used in clinical practice. Endometrin provides circu-
lating progesterone levels that are easily measurable, thus allowing
clinical assessment of the adequacy of exposure for individual pa-
tients in a clinical setting. Although individual variation in proges-
terone levels is great, and the predictive value of progesterone
measurements is limited, those clinicians who want to measure pro-
gesterone levels for their treatment paradigm can easily do so.

Patients were randomized, and medication was started as soon as
possible in the follicular phase (waiting until menstrual flow would
not interfere with drug absorption), but because menstrual cycles
were not controlled, the need for an adequate washout period be-
tween the single- and multiple-day exposure may have pushed
some subjects into the periovulatory period during the multiple-
day phase. The intention in starting all subjects in the early follicular
phase was to allow a 7-day washout period without having the sub-
jects ovulate or enter the luteal phase (expected days 7–11) before
the second sampling. However, we also recognized that, with human
variability, some women might indeed have ovulated before or dur-
ing the multiple-day portion of the study. Estradiol and progesterone
levels were obtained before initiation of treatment in both the single-
day and multiple-day segments of this trial. We sampled blood to
identify those women likely to be in the periovulatory/luteal phase
of their cycle.

Ovulation would be expected to increase measured serum proges-
terone levels by adding endogenous to exogenous progesterone.
Some women in each treatment group probably ovulated, given their
initial progesterone levels of about 2 ng/mL or greater at the start of
the multiple-day segment. Although initial progesterone levels were
higher at baseline (time" 0) for these possibly ovulatory women, at
almost all further time points across the 5 days of sampling, the

FIGURE 3

Day 5 of the multiple-day treatment phase: mean ($SEM) serum
progesterone concentrations (ng/mL).
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mean progesterone levels were actually higher when these subjects
were excluded from analyses, and lower when they were included.
Thus, even though we might expect endogenous progesterone to
mask the levels achieved by exogenous administration, this was
not the result observed. Therefore, we feel confident that we are
not crediting the exogenous treatment with progesterone levels
that may have been elevated by an endogenous contribution. So, be-
cause we had no reason to exclude these possibly ovulatory subjects
from the overall evaluation, we have included them in the analysis.

Because of the unfavorable pharmacokinetics and the limited
ability to achieve sustained serum progesterone concentrations
with the oral administration of progesterone (1) and the discomfort
and potential complications of repeated IM injections (4, 11), recent
investigative and developmental efforts have been aimed at achiev-
ing successful alternative means of delivery of progesterone. The
vaginal route avoids the variable absorption and high first-pass
hepatic metabolism after oral ingestion and also prevents the un-
comfortable and sometimes painful IM injection (6). Vaginal appli-
cation can result in sustained plasma concentrations; experimental

and clinical data suggest that the vaginal route is associated with
significant uterine levels of progesterone and rates of secretory
transformation (4, 6, 15, 16). Furthermore, several studies have
demonstrated that vaginal application can result in sustained plasma
concentrations suitable for IVF protocols (1).

This study demonstrates that two dosage regimens of a novel vag-
inal insert formulation of progesterone can achieve relatively high
serum progesterone concentrations, reach steady state within 24 to
32 hours, and maintain mean concentrations above 10 ng/mL. Endo-
metrin vaginal insert formulations reached higher Cmax, produced
greater systemic exposure (AUC0–24), achieved steady state more
rapidly, and cleared more rapidly after termination of therapy than
the comparator. Although this study focuses on the pharmacokinetic
characteristics of Endometrin, a large clinical trial demonstrated its
efficacy (25).
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