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made the incision and then tried to measure the deep- 
est portion of the wound, which tended to be the 
middle of the wound. We measure the thickness verti- 
tally with the knife handle. 
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Initial and steady-state pharmacokinetics of a vaginally 
administered formulation of progesterone 
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OBJECTIVE: The pharmacokinetics of a 100 mg vaginal progesterone suppository was evaluated on 
days 1 and 7 and a 200 mg suppository on day 14. All the volunteers were given oral 176estradiol 
during the study. 
STUDY DESIGN: Ten postmenopausal women volunteered for this study. Progesterone was given as a 
vaginal suppository. Peripheral venous samples were obtained at appropriate intervals and analyzed for 
17f3-estradiol and progesterone levels. Area under the curve for progesterone was assessed by the 
trapezoidal method. Statistical analysis was performed by a one-way analysis of variance. 
RESULTS: Serum 17f3-estradiol levels ranged from 22 to 182 pg/ml. Maximal serum progesterone levels 
ranged from 5.7 to 20.9 nglml, with the mean maximal levels 13.97, 16.09, and 12.68 rig/ml (not 
significantly different) and a mean area under the curve of 168.13, 207.64 and 227.71 rig/ml per hour on 
days 1, 7, and 14 (not statistically different). 
CONCLUSIONS: These data indicate that vaginal absorption of progesterone is efficient. The lack of 
difference in the area under the curve for both doses suggests that the vaginal mucosa or the total 
surface area of the vagina may limit the absorption of progesterone from the vagina. (AM J OBSTET GYNECOL 
199$173:471-B.) 
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Progesterone has been used therapeutically for a 
variety of medical indications. It has been recom- 
mended for use in luteal phase inadequacy, for repeti- 
tive miscarriage, and for the treatment of premenstrual 
syndrome. ‘, ’ Progesterone has been administered as 
part of hormone replacement therapy in the meno- 
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pausal woman and after embryo transfer in assisted 
reproduction3-’ Women with premature ovarian failure 
who are undergoing embryo transfer with donor oocyte 
protocols have received progesterone by intramuscular, 
oral, or vaginal routes with reported successful preg- 
nancies.4. ’ The administration of progesterone to post- 
partum nursing women has been advocated as a means 
of prolonging the physiologic anovulation that is asso- 
ciated with lactation.“~” 

For many of these therapeutic indications progester- 
one has been administered intramuscularly because 
of its poor bioavailability from the gastrointestinal 
tract.3. “-‘3 The intramuscular route is uncomfortable 
and requires daily administration to maintain an appro- 
priate serum level. Oral administration of progesterone 
requires large doses, an appropriate vehicle, and an 
increased surface area (micronization) to achieve rea- 
sonable blood levels3. ‘* The pharmacokinetic profile of 
orally administered progesterone is one of rapid ab- 
sorption with a short half-life.3, I2 The short half-life is 
related to the rapid metabolic clearance of progester- 
one. Because of this, twice-daily dosing, or more, is 
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Table I. Demographic information and body mass index of postmenopausal women 
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Patient No. Age (~4 Weight (lb) Height (in) BMI LMP 

001 54 157 67 24.6 1989 
002 55 157 65.5 27.7 1981 
003 56 144 61 34.6 1985 
004 59 155 66 25.0 1975 
005 46 166 66 26.9 1985 
006 62 190 68 29.0 1980 
007 49 133 63 23.4 1988 
008 55 124 62 22.7 1976 
009 61 132 61 26.7 1980 
010 57 127 65.5 22.4 1986 

BMI, Body mass index; LMP, last spontaneous menstrual period. 

Table II. Serum 17P-estradiol (mean ? SE) levels on days 1, 7, and 14 of 10 postmenopausal women 
receiving oral 17P-estradiol (Estrace) 1.0 mg daily 

Time Day 1 Day 7 Day 14 

Baseline 72.9 -c 7.64 79.0 ZL 11.96 76.3 c 13.44 
0.5 71.9 I 7.76 70.3 t 53 66.8 + 11.82 
1.0 72.6 t 7.21 76.1 i- 10.65 69.2 t 12.40 
1.5 82.76 zt 8.3 85.1 + 11.15 71.1 2 12.37 
2.0 80.3 +- 6.78 87.9 + 10.98 85.2 + 14.11 
2.5 81.4 t 7.21 88.0 + 12.04 82.7 -r- 12.21 
3.0 80.4 +- 7.58 97.9 i 13.95 78.9 t 11.79 
4.0 79.3 k 6.60 79.1 ? 11.82 77.5 t 13.39 
6.0 70.9 +- 8.19 73.9 +- 10.10 73.0 i 12.91 
8.0 70.11 -t- 8.68 75.4 i_ 12.66 71.5 + 10.55 

12.0 80.3 t 9.23 75.8 k 10.94 76.3 ” 10.29 
24.0 79.6 t 10.78 78.7 + 11.42 73.4 i 8.97 

Each woman took oral 17P-estradiol at different times of day beginning 14 days before day 1 and stopping on day 14 of study. 
All 17P-estradiol serum values in picograms per milliliter. 

required. Oral progesterone also has been found to 
have a significant sedative action, possibly because of a 
metabolite that is produced in the gastrointestinal tract 
or liver.‘” 

The vaginal route of administration has certain ad- 
vantages. These are a surface (vaginal epithelium) that 

readily transfers progesterone, avoidance of first-pass 
metabolism in the gastrointestinal tract and liver, and a 
more sustained delivery from the vaginal progesterone 
formulation (suppository), which results in extended 
progesterone serum levels.“. le. ‘5-I’ 

This study was designed to evaluate the pharmacoki- 
netics of two doses of a progesterone formulation for 
vaginal administration. A 100 mg vaginal progesterone 
suppository was used to determine steady-state phar- 
macokinetics. This was followed after 1 week with one 
200 mg progesterone vaginal suppository to evaluate 
the dose response. Postmenopausal women were se- 
lected for the study to circumvent endogenous proges- 
terone secretion from the ovary. All the volunteers were 
given oral 17@-estradiol before vaginal progesterone, to 
optimize absorption.” 

Material and methods 
Volunteers. Ten postmenopausal women were asked 

to volunteer for this study. The protocol had previously 

been approved by the Institutional Review Board of the 
Eastern Virginia Medical School. Each volunteer was 
apprised of the study by an appropriate informed 
consent, which was obtained before enrollment in the 
study. Each volunteer was required to have undergone 
a complete history and physical examination to meet 
specific inclusion and exclusion criteria before enroll- 
ment. The demographic profile of the volunteers is 
shown in Table I. Postmenopausal status was assigned if 
the volunteer had been amenorrheic for at least 6 
months. Each volunteer was also required to have 
follicle-stimulating hormone level 2 40 mIU/ml. All the 
volunteers were required to be free of all hormonal 
medications for 2 1 month before initiating the oral 
17@-estradiol (see below). 

17P-Estradiol administration. Each volunteer was 
started on a regimen of oral 17P-estradiol, 1.0 mg daily 
(Estrace, Mead Johnson Pharmaceuticals, Evansville, 
Ind.) for 14 days before the insertion of the vaginal 

suppositories and for the duration of the study. 
Vaginal progesterone. Progesterone in polyethylene 

glycol was produced as a vaginal suppository in concen- 
trations of 100 and 200 mg. The vaginal progesterone 
formulations were provided by Zetachron, State Col- 
lege, Pennsylvania. All the suppositories for each vol- 
unteer were packaged in an individual plastic container. 
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Fig. 1. Serum progesterone levels (mean +- SD) at baseline and 2 hours after insertion of 100 mg 
progesterone vaginal suppository in 10 volunteers over 7-day period. PON, patient order number. 

Table III. Serum progesterone levels (nanograms per milliliter) by day of treatment and for each volunteer 
during 7 days of therapy at zero time and 2 hours after insertion of vaginal suppository (mean +- SD) 

Day Baseline* 2 hrt Patient order No. Baseline 2 hr# 

1 0.20 11.27 001 0.87 14.68 
2 2.52 10.40 002 1.87 13.36 
3 3.98 9.98 003 0.23 12.08 
4 3.91 12.18 004 2.35 9.51 
5 4.30 13.35 005 2.24 11.20 
6 3.56 13.32 006 1.57 13.29 
7 2.71 13.67 007 7.81 16.97 

008 5.13 9.61 
009 7.42 14.69 
010 0.783 4.85 

Progesterone levels are indicated by day of study and by individual volunteers (patient order number). Mean progesterone levels 
between volunteers and between days demonstrated a highly significant difference by two-way analysis of variance. 

*Mean values statistically different, p 5 0.0053 between day 1 and other 6 days. 
tMean values not statistically different between days, p = 0.31. 
IMean values statistically different between baseline and 2 hours for each volunteer, p 5 0.001. 

. 

The suppositories were stored at room temperature 
until used. Each volunteer was requested, under super- 
vision, to insert one suppository high into the vagina 
daily between 7 and 9 AM. The volunteer was then 
requested to lie prone for 30 minutes after insertion of 
the suppository. The 100 mg progesterone supposito- 
ries were inserted daily for 7 days. There was a break of 
7 days with no progesterone administration. On the 
fourteenth day a 200 mg progesterone suppository was 
inserted vaginally in the same manner. 

Peripheral venous sampling for pharmacokinetics. 

Peripheral blood samples of 10 ml were obtained from 
an antecubital vein. The samples were obtained imme- 
diately before insertion of each vaginal suppository and 
at 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 6.0, 8.0, 12.0, and 
24.0 hours after insertion of the vaginal suppository. 
The 24-hour blood sample was obtained at the same 
time of day as the initial baseline sampling from the 
first pharmacokinetic day, and this schedule was main- 
tained throughout the study. Each volunteer, once the 
initial time of suppository insertion was determined, 

maintained that time for repeat suppository placement 
throughout the course of the study. A venous blood 
sample was obtained each day before placement and 2 
hours after placement of the 100 mg vaginal proges- 
terone suppository in each of the volunteers on days 2, 
3, 4, 5, and 6. 

No blood samples were obtained for the succeeding 
24 hours after the last 100 mg progesterone supposi- 
tory, but the same protocol was used for the 200 mg 
progesterone suppository. The 200 mg progesterone 
suppository was administered only once, and blood 
sampling was performed at the same intervals during 
the next 24 hours. 

Each venous blood sample was allowed to clot at 
room temperature for 5 minutes and was then centri- 
fuged at 3000 revolutions/min for 15 minutes. The 
resulting serum supernatant was drawn off and placed 
in a polytetrafluoroethylene-coated storage vial. The 
individual storage vials were then stored at -20” C 
until analyzed for estradiol and progesterone. 

Quantitation of l?‘P-estradiol and progesterone. Se- 
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Table IV. Maximum serum progesterone levels, the greatest change between baseline and maximum 
concentration, time to maximum concentration, and area under curve for progesterone in 10 
postmenopausal women 

Day I: Progesterone 100 mg Day 7: Progesterone 100 mg 

Baseline C 
Volunteer progesterone pr*geZeLne 

Time to Baseline Time to 
Change C,, AUC prqya&ne pr$~+ Change C,, AUC 

No. (nghl) hd4 (nglmli (hr) (ng/ml/hr) @4@4 W (nglmllhr) 

001 0.2 20.7 20.5 2.0 270 0.7 18.1 17.4 2.5 202 
002 0.2 14.7 14.5 3.0 192 0.9 19.6 19.1 3.0 185 
003 0.2 16.9 16.7 3.0 83 0.2 12.2 12.0 1.5 56 
004 0.2 7.8 7.5 1.5 43 1.2 17.7 16.5 3.0 246 
005 0.2 13.5 13.3 4.0 164 4.5 13.7 9.5 2.5 193 
006 0.2 20.9 20.7 3.0 188 1.5 20.4 18.9 4.0 213 
007 0.2 16.5 16.3 3.0 232 3.1 19.7 16.6 2.0 256 
008 0.2 12.4 12.2 6.0 199 2.7 11.9 9.2 6.0 245 
009 0.2 14.3 4.1 3.0 222 0.7 24.4 14.7 3.0 381 
010 0.2 7.3 7.1 3.0 63 2.7 9.6 6.9 2.5 96 

Data derived from day of pharmacokinetic profile of 100 mg vaginal progesterone suppositories on days 1 and 7 and 200 mg 
vaginal progesterone suppository on day 14 in 17P-estradiol-treated postmenopausal women. C,, , Maximum concentration; AUC, 
area under curve. 

Table V. Occurrence of bleeding in postmenopausal women pretreated with 17P-estradiol 1.0 mg for 14 
days, who used 100 mg progesterone vaginal suppository for 7 days followed by 200 mg 
progesterone vaginal suppository 

Patient No. Bleeding Severity Duration (days) 
Endometrial biopsy 

results Side effects 

001 
002 

Yes 
Yes 

003 Hyst. 
004 Hyst. 
005 Hyst. 
006 Yes 
007 Yes 
008 Hyst. 
009 Yes 
010 Yes 

Mild 
Mild 

- 
- 

Mild 
Mild 

- 
Mild 
Mild 

3 
2 

- 
- 
- 
3 
3 
- 
4 
1 

Prolif. 
Prolif. 

- 
- 
- 

Not done 
Prolif. 

Prolif. 
Insuff. 

Local warmth, tired 
Local warmth, tired, 

cramps 
None 
Tired 
None 
Cramps 
Tired, cramps 
None 
Breast tenderness, tired 
Breast tenderness, anxiety 

Endometrial histologic studies are reported for five of six women who had a uterus and who had bleeding. Other reported adverse 
effects are listed. ProlzjY, Proliferative endometrium; Hyst., hysterectomy; Insufl, insufficient tissue for diagnosis. 

rum 17P-estradiol and progesterone were estimated 
with radioimmunoassay kits obtained from ICM Bio- 
medical, Costa Mesa, California. 

Statistical analysis. All data were analyzed by a one- 
or two-way analysis of variance or Student t test by use 
of STATISTICA (CSS:STATISTICA, Statsoft, Tulsa, 
Okla.). A p value of 5 0.05 was accepted as indicating 
significant differences. 

Diary cards. Each volunteer was asked to maintain a 
daily diary card throughout the study. Any symptoms 
were recorded on these cards. 

Endometrial biopsy. The women who had a uterus 
and who had vaginal or uterine bleeding were asked to 
undergo an endometrial biopsy, which was performed 
with a Pipelle curette (Unimar, Wilton, Conn.). The 
tissue obtained was immediately fixed in formalin and 

then sectioned and interpreted by a gynecologic pa- 
thologist. 

Results 

Demographics. The demographics of the volunteers 
are given in Table I. There were 10 postmenopausal 
women whose ages ranged from 46 to 62 years. The 
duration of the postmenopausal state ranged from 4 to 
12 years. Seven of the women had previously received 
estrogen or estrogen plus progestin replacement 
therapy. The volunteers’ individual weight, height, and 
body mass index are shown in Table I. 

Serum 17P-estradiol. All the volunteers were re- 
quested to take 17P-estradiol (Estrace) at a specific time 
of day that was convenient for her, and because of this 
the time of day that the medication was taken was 
variable. The mean serum 17P-estradiol levels in the 
volunteers at baseline and at the described intervals 
throughout the three pharmacokinetic study days 1, 7 
and 14 are shown in Table II. The mean serum 17p- 
estradiol values were between 70 and 100 pg/ml on the 
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Day 14: Progesterone 200 mg 

Baseline c mar 
progesterone progesterone 

(n&4 (ng/mU 

Time to 
Change C,, AUC 
(ngW (W (ng/ml/hr) 

0.2 17.3 17.1 12.0 
0.3 13.9 13.5 8.0 
0.2 17.3 17.1 4.0 
0.2 19.5 19.3 4.0 
0.2 13.7 13.5 3.0 
0.2 20.4 20.2 3.0 
0.2 11.8 11.6 3.0 
0.2 14.4 14.2 8.0 
0.2 12.9 12.7 8.0 
0.2 5.7 5.5 3.0 

214 
230 
168 
185 
230 
281 
199 

263 
59 

three pharmacokinetic days. Individual 17P-estradiol 
levels for the volunteers ranged from 22 to 182 pg/ml 
(data not shown). No statistical analysis was performed 
on these data, because the time of oral administration- 
of 17P-estradiol was variable among volunteers. 

Serum progesterone. Serum progesterone values 
(mean * SEM) at 24 hours after insertion of the vaginal 
suppository (daily baselines) were 2.52 f 0.77, 3.98 -t- 
1.23, 3.91 + 1.46, 4.30 ? 1.33, 3.56 * 1.02, and 
2.7 1 ? 0.88 rig/ml on days 2, 3, 4, 5, 6, and 7, 
respectively (Fig. 1). The mean 2-hour serum proges- 
terone levels ranged between 10.8 and 13.9 ngiml (Fig. 
1, Table III). The baseline and 2-hour serum proges- 
terone levels in each volunteer by day of treatment were 
analyzed by a two-way analysis of variance. The proges- 
terone levels varied significantly among volunteers and 
with time. The interaction between the two variables 
(volunteer and time) was highly significant. 

A comparison between the serum progesterone levels 
on days 1 and day 14 of the pharmacokinetic study for 
each volunteer indicates the following. Serum levels 
were comparable on days 1 and day 14 in volunteers 
005, 006, 008, 009, and 010 (data not shown). Levels 
were lower on day 14 compared with day 1 in volunteers 
001, 002, and 007, whereas levels were higher on day 
14 in volunteers 003 and 004 (data not shown). These 
results do not appear to be related to suppository 
placement or physical activity of the individual. 

The mean time to maximum concentration varied 
among volunteers, but the mean for progesterone was 3 
hours on days 1 and 7 but between 3 and 8 hours on 
day 14 (Fig. 2, Table IV). The mean maximal serum 
progesterone concentration on each of the 3 days (1, 7, 
and 14) was 13.97, 16.09, and 12.68 ngiml, respectively 
(Fig. 2). The absolute change in progesterone from 
baseline to maximum concentration for each volunteer 
was variable and not statistically significant (p = 0.98) 
(Table IV). The mean serum progesterone levels for the 

10 volunteers were similar at each time interval during 
the pharmacokinetic studies on days 1, 7, and 14 (Fig. 
2). The elevated baseline mean progesterone value of 
2.4 ngiml resulted in an increased maximum concen- 
tration value for progesterone on day 7. The mean area 
under the curve for progesterone was 168.13, 207.64, 
and 222.71 rig/ml per hour on days 1, 7, and 14 and 
was not statistically different (fl = 0.35). The elevated 
baseline progesterone value on day 7 was adjusted for 
in the calculations of the area under the curve. Each 
volunteer was found to have a unique progesterone 
area under the curve that was different from those of 
the other volunteers (p = 0.0027) (Table IV). 

Side effects. Two of the women (00 1 and 002) within 
30 minutes of inserting the progesterone vaginal sup- 
pository had a local warmth in the vagina, which lasted 
for 20 to 30 minutes (Table V). Visual inspection of the 
vaginal mucosa with a speculum 24 hours later did not 
demonstrate any evidence of local irritation. Three of 
the women (002, 006, and 007) complained of mild low 
abdominal cramps, similar to what they experienced 
when having a menstrual flow in the past, at some time 
during the study; these women had vaginal bleeding 
associated with cramps (see below). Five of the volun- 
teers (001, 002, 004, 007, 009) complained of feeling 
“tired” at some time during the study (Table V). It 
should be noted that the patients who complained of 
feeling tired did so on the day of the use of the 200 mg 
vaginal progesterone suppository. The feeling of being 
“tired” disappeared within 2 hours after insertion of the 
suppository. Two of the women (009 and 010) had 
breast tenderness during the course of the study with- 
out evidence of breast lumps or masses. 

Vaginal bleeding. Six of the women (001, 002, 006, 
007, 009, OlO), who had not had a hysterectomy, had 
vaginal bleeding during or after the use of the vaginal 
progesterone (Table V). The other four women had 
previously had a hysterectomy. The vaginal bleeding 
lasted between 2 to 5 days and was characterized by the 
volunteers as minimal. Two volunteers (001 and 010) 
had spotting that did not require sanitary protection. 
The spotting or bleeding occurred after initiating the 
vaginal progesterone on days 8 to 10 in five of the 
women (002, 006, 007, 009, and 010) and on day 5 in 
one woman (001). 

An endometrial biopsy was obtained after the 
completion of the ,study in five of the six women who 
had vaginal spotting or bleeding (001, 002, 007, 009, 
and 010). One volunteer (006) did not have a biopsy. 
The tissue was interpreted as proliferative endome- 
trium in four of the cases (001, 002, 007, and 009) and 
insufficient tissue for interpretation (cervical glands and 
mucus) in one volunteer (010) (Table V). 

Comment 
The use of the vagina as a repository for medication 

is not new. The advantage of the absorption of steroids 
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findings indicate that the vaginal route may be a pre- 
ferred route of administration, because we were able to 
reach luteal levels in the serum with a lower dose than 
required by the oral route. That the levels reached with 
vaginal progesterone administration are physiologic is 
attested to by the successful pregnancies in assisted 
reproductive programs and changes in endometrial 
histologic features4. “, ‘I The bioavailability of proges- 
terone appears to be greater when it is administered 
through the vagina compared with the oral route, when 
the area under the curve for progesterone is used for 
comparison.“’ 

Progesterone is rapidly cleared from the peripheral 
circulation because of its short metabolic half-life. The 
concentration of progesterone is maintained in periph- 
eral sera for a prolonged period after vaginal adminis- 
tration (Fig. 2). By 24 hours postinsertion on each day 
of the progesterone 100 mg suppository, there were still 
significant elevations of serum progesterone over the 
initial baseline value. The reason for this is not clear, 
but similar findings of a prolonged serum level without 
an initial rapid peak have been found in women using 
a different formulation of vaginal progesterone.” This 
prolonged serum level could be a result of the reservoir 
effect of the vaginal suppository or of the vagina itself. 
The fluid volume in the vagina has been found to be 
approximately 0.2 ml. It is possible that the vaginal 
suppository is slowly dissolved, thus resulting in a pro- 
gesterone reservoir contained in the suppository base. 

Our data do not show any difference in the area 
under the curve between 100 and 200 mg vaginal 
suppositories (Table IV). The vaginal epithelium may 
function as a rate-limiting membrane allowing a finite 
amount of progesterone to be absorbed. Serum levels 
could be a function of the surface area of the vaginal 
epithelium exposed to progesterone. It should be 
noted that there is a highly variable absorption within 
the same volunteer (2 20%) of the same vaginal dose 
(Table III, area under the curve, and Table IV). The 
reason for the individual difference in absorption of 
progesterone is not known. Another possibility is that 
other factors in the vaginal epithelium (dermis) contrib- 
ute to the absorption.” There is no available informa- 
tion that demonstrates a correlation between surface 
area of the vagina and serum progesterone levels. 
Previous studies of transdermal 17@estradiol absorp- 
tion have suggested that dermal surface area is impor- 
tant, but definitive information is lacking.“’ We have 
found interindividual variation to be present with the 
transdermal administration of estradiol.““-‘4 Oral con- 
traceptive steroids have been found to have significant 
differences in oral absorption in the same woman at 
different times.“5 Genetic differences and dietary 
changes have been hypothesized to explain this differ- 
ence.” The actual cause of this discrepancy in pharma- 
cokinetic profiles in the same individual under similar 
conditions at two separate study times is not known. 

0 5 m 15 al 25 

I 

0 5 10 15 a 25 

Cl 5 10 15 al a 

Fig. 2. Serum progesterone levels (mean f SD) on days 1, 7, 
and 14 in 10 postmenopausal women. Vaginal progesterone 
suppository, 100 mg, was administered daily for 7 days, fol- 
lowed by no medication for 7 days and 200 mg progesterone 
suppository on day 14. AI1 women were taking oral 17& 
estradiol, 1.0 mg, throughout study. 

and other compounds across the vagina is twofold. The 
avoidance of the first-pass effect of the gastrointestinal 
tract and liver on progesterone metabolism is apparent. 
The second advantage is a prolonged, sustained serum 
progesterone level. Previous studies have shown that a 
relatively large amount of progesterone must be admin- 
istered by mouth to achieve luteal blood levels.3. ” 
Although there is rapid absorption of progesterone 
from the gastrointestinal tract, metabolic clearance is 
rapid, thus resulting in a short half-life in serum.l’ 

Metabolites of progesterone are produced after oral 
administration that could account for some of the 
adverse effects, notably somnolence, that have been 
reported.14 Metabolites of progesterone were not iden- 
tified in this study. The volunteers in this study re- 
ported only a “tired” feeling, not somnolence, as a side 
effect (Table V). 

The current study demonstrates a rapid absorption of 
progesterone after vaginal administration. The maxi- 
mum concentration of serum progesterone was reached 
within 3.0 hours in the majority of instances. These 
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The hormonal status of the volunteers could also play 
a role in the efficiency of the vaginal absorption of 
progesterone. Lack of estrogen could affect absorption. 
In this study a 14-day pretreatment with oral 17p- 
estradiol was used to ensure that the vaginal epithelium 
was well estrogenized. Mean serum 17P-estradiol levels, 
although variable between volunteers, are in a range 
compatible with the follicular phase of the cycle (Table 
II). Thus we feel that we have maximized the ab- 
sorption of progesterone by the use of exogenous 
17P-estradiol. 

In summary, these data indicate that a simple formu- 
lation of progesterone in polyethylene glycol can 
achieve luteal-phase progesterone levels. We did not 
demonstrate dose proportionality of the 100 and 200 
mg vaginal suppositories. We believe that absorption of 
vaginal progesterone is a function of both the vaginal 
mucosa surface area and the reservoir effect of the 
vaginal suppository. 
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Discussion 
DR. WILLIAM J. BUTLER, Charleston, South Carolina 

(Official Guest). The use of natural progesterone has 
been advocated for therapeutic intervention in a wide 
range of gynecologic and other pathologic disorders. It 
is of prime importance in the preparation of a receptive 
endometrium before transfer of embryos conceived 
from donor oocytes. That exogenous progesterone ad- 
ministration is effective in this regard is demonstrated 
by a success rate of 3 1.3% pregnancies per retrieval in 
donor oocyte cycles reported in the American Fertility 
Society-Society for Assisted Reproductive Technology 
registry from 1992.’ Vaginal administration of proges- 
terone may have an advantage in bioavailability, which 
may translate into a clinical advantage, particularly in 
donor oocyte assisted reproductive technique cycles.“, 3 

A possible mechanism of this bioadvantage is a res- 
ervoir effect proposed by Archer et al. as a unique effect 
of vaginal administration and one of the limiting factors 
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Table I. Randomized complete block analysis 

Days 
Patients 
Error 
TOTAL 

Sums of squares Degrees of freedom 

13,323.27 2 
119,572.03 9 

46,938.07 18 
179,833.37 29 

Mean square 

6,661.63 
13,285.78 

2,607.67 

in absorption of progesterone from the vagina. A cor- 
ollary to this is the authors’ interpretation that the data 
indicate the vaginal mucosal surface area is a rate- 
limiting membrane allowing only a finite amount of 
progesterone to be absorbed. The statistical analysis of 
the data presented indicates no difference in absorption 
between the 100 and 200 mg vaginal suppositories. The 
study design obtains an accurate representation of pro- 
gesterone absorption over a 24-hour period, but a 
closer look at the data is warranted. 

A visual analysis of the graphs indicating the serum 
progesterone levels over the 24-hour periods of days 1, 
7, and 14 appears to show a much larger area under the 
curve encompassed on day 14 (200 mg suppository) 
compared with day 1 (100 mg suppository), with the 
day 7 levels intermediate. The peak serum levels are 
comparable, but from 4 hours on the median day 14 
serum levels are uniformly higher. As the authors state, 
the day 7 levels are measuring a different biologic 
condition-steady-state pharmacokinetics - compared 
with the initial pharmacokinetics measured on days 1 
and 14 for the differing suppository dosages. No 
steady-state pharmacokinetic data are presented for 
200 mg suppositories. 

Statistical analysis of this data can be done in several 
ways, but a traditional one-way analysis of variance does 
not take into account that some measurements were 
made on the same individuals. Because 10 subjects each 
supplied area under the curve measurements on three 
different days, one way to take this into account is a 
randomized complete block analysis. The correspond- 
ing analysis of variance is shown in Table I. 

The test statistic comparing the 3 days if F = 2.5546 
(with 2 and 18 degrees of freedom) with an associated p 
value of 0.1055. This is still not quite significant but 
does quite clearly differ from the $I value of 0.3538 
obtained with the authors’ statistical analysis. 

A more physiologically relevant analysis would be a 
comparison of the initial pharmacokinetics for the 100 
and 200 mg suppositories on days 1 and 14. Visual 
inspection of the graphs of only days 1 and 14 does 
seem to indicate a difference. The appropriate statisti- 
cal analysis here would be a paired Student t test, which 
was also used for analysis of similar data in several of 
the authors’ cited references.‘, 4 This analysis obtains a 
p value of 0.0414, statistically significant if a threshold 

of p I 0.05 is accepted. The correlation coefficient is 
0.631, also confirming a significant trend to higher 
total progesterone absorption with the 200 mg supposi- 
tory. The authors admit they do not demonstrate dose 
proportionality of the 100 and 200 mg suppositories, 
but it may be premature for them to state that they did 
not show any difference in the area under the curve for 
progesterone. I believe the data demonstrate a dose- 
dependent reservoir effect on progesterone absorption. 
This is still compatible with initial absorption, having 
vaginal surface area as its rate-limiting parameter. 

Studies such as this are important in defining the 
parameters for ideal hormone replacement for a variety 
of medical conditions. I would like to ask the authors if 
they have initial pharmacokinetic data for the com- 
monly used 50 mg progesterone vaginal suppositories 
and or steady-state pharmacokinetics for 50 mg daily or 
twice-daily 200 mg or intermediate progesterone sup- 
pository dosages. 

I thank Philip Rust, PhD, for his assistance in the statistical 
analysis. 

REFERENCES 

1. Assisted reproductive technology in the United States and 
Canada: 1992 results generated from The American Fertil- 
ity Society/Society for Reproductive Technology registry. 
Fertil Steril 1994;62:1121-8. 

2. Miles AR, Paulson RJ, Lobo RA, Press MF, Dahmoush L, 
Sauer MV. Pharmacokinetics and endometrial tissue levels 
of progesterone after administration by intramuscular and 
vaginal routes: a comparative study. Fertil Steril 1994;62: 
485-90. 

3. Weckstein LN, Jacobson A; Galen D, Hampton K, Ivani K, 
Andres J. Improvement of pregnancy rates with oocyte 
donation in older recipients with the addition of progester- 
one vaginal suppositories. Fertil Steril 1993;60:573-5. 

4. Simon JA, Robinson DE, Andres MC, et al. The absorption 
of oral micronized progesterone: the effect of food, dose 
proportionality, and-comparison with intramuscular proges- 
terone. Fertil Steril 1993;60:27-33. 

DR. ARCHER (Closing). We have not really evaluated 
steady-state levels for other formulations of vaginal 
progesterone, but the Contraceptive Research and De- 
velopment program (CONRAD) has a current clinical 
trial in Santiago, Chile, where we are evaluating both 
100 and 200 mg progesterone suppositories clinically 
for their contraceptive efficacy in postpartum nursing 
women; we hope to see some data next year. 


