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The bioavailability of micronized progesterone (P)
was studied by measuring sequential serum P concen-
trations after a single bolus of 50-200 mg P given
sublingually, orally (capsule and tablet), vaginally
and rectally (suppositories) during the follicular
phase in a group of normally menstruating women.
When compared to other modes of P administration,
the area under the curve during the first eight hours
was twice as high with the rectal route. With 50 and
100 mg P given sublingually and 100 and 200 mg-in-
gested as tablets, peak levels and area under the
curve were twice as high with the higher dosage. The
response was more sustained with the higher dosage.
All subjects exhibited a significant increase in serum
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P levels over baseline that persisted for at least eight
hours. P levels were still increased over baseline at 24
hours in all subjects after the administration of
100-mg vaginal and rectal suppositories and 200-mg
tablets. These findings are in general agreement with
previous reports showing that luteal phase serum P
concentrations can be reached easily with non-
parenteral modes of administering micronized P and
that oral P administration could become an attractive
alternative to the currently used oral mode of admin-
istering synthetic progestins.

Introduction

Progesterone (P) belongs to a group of naturally oc-
curring C-21 steroids. In nonpregnant women its
main sites of biosynthesis are the ovaries and the
adrenal cortices. In the ovary, P is synthesized by the
corpus luteum, with serum concentrations reaching
3-25 ng/mL during the luteal phase of the menstrual
cycle, while the concentration remains <1 ng/mL
during the follicular phase. Only a small fraction of
the circulating P is free; the rest is protein bound. P
has a physical half-life of a few minutes. Two-thirds
of the P in the blood is metabolized by the liver and is
excreted in the urine as pregnanediol and its water-
soluble conjugates. Passive diffusion brings P from
the bloodstream to its target cells.?

P has been used in the management of various
gynecologic disorders since it was first synthesized on
a commercial scale, in 1934.272° Its clinical usefulness
in the past was limited because of its extensive deg-
radation following ingestion. Therefore, orally effec-
tive, synthetic progestational agents (progestins)
have been substituted in the management of dysfunc-
tional uterine bleeding, endometrial hyperplasia and
carcinoma, and endometriosis and have been used in
combination with estrogens in oral contraceptives
and as cyclic treatment with estrogen during meno-
pause. 2728

Progestins fall primarily into two categories: C-19
norsteroid derivatives (i.e., norethindrone and nor-
gestrel) and the 17-hydroxyprogesterone derivatives.
All of the progestins have unwanted side effects. Pro-
gestins are known to affect lipid metabolism adverse-
ly by suppressing high-density-lipoprotein choles-
terol.>®* Some possess androgenic effects, while
others have antiandrogenic and yet others, estrogenic
ones.° Progestins have not been advocated for use in
luteal phase deficiency states because they are known
to suppress the ovarian production of P.1* During
pregnancy they are contraindicated because of their
possible teratogenic effects.?’
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Most of the problems that can accompany the use
of progestins could be avoided or significantly re-
duced if natural P could be administered in a simple
manner that would effect the desired biologic re-
sponse. Preliminary reports have shown that luteal
phase P concentrations in serum and an adequate
endometrial response are seen following the oral use
of micronized P.16-20

This study was designed to evaluate the absorption
and bioavailability of micronized P by measuring
serum P levels after single-bolus P administration
utilizing nonparenteral routes (sublingual, oral, vagi-
nal and rectal) and comparing the mean peak P con-
centrations, time taken to reach the peak, areas
under the curve and duration of P elevation after its
administration.

Materials and Methods

In the initial phase of the study, eight healthy, nor-
mally menstruating volunteers participated. The con-
tents of one capsule containing 50 mg P were placed
under the tongue. The same procedure was repeated
24 hours later, but this time the contents of two cap-
sules (100 mg) were used.

During the second phase of the study, 13 normally
menstruating women with premenstrual syndrome
(PMS) symptoms participated. They were each given
100 mg P every 24 hours, usually for 4 consecutive
days, starting with the sublingual approach and then
using an oral capsule and vaginal and rectal supposi-
tories. Some of the participants were studied during
two separate cycles.

In the third phase of the study, nine women,
several of whom had participated in the second
study, were each given 100-mg oral P tablets. Five
subsequently were tested with two P tablets (200 mg)
24 hours later or at a later date.

All studies were started at 8 AM during the follicular
phase of the menstrual cycle. Studies were initiated
as early as the Sth day and completed by the 11th day
of the cycle.

The sublingual preparation had 50 mg micronized
P (Paddock Laboratories, Minneapolis, MN) and 200
mg lactose in no. 1 gelatin capsules. Each capsule
contained 100 mg micronized P. The tablets (Ora-
gest) had 100 mg micronized P in a wax matrix.

The vaginal and rectal suppositories were made up
of 100 mg micronized P (Upjohn Laboratories, Kala-
mazoo, MI) in a cocoa butter base.

A 21-gauge heparin lock needle was inserted intra-
venously, and blood samples were collected as fol-
lows: before P administration and again 3, 1, 2, 4,
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6, 8 and 24 hours later. During the second study, an
additional specimen was collected at the third and
fifth hours; for the third study, an additional collec-
tion was made at the tenth hour. Serum was separat-
ed by centrifugation and stored in labeled tubes at
—20°C until assayed. All samples from the same
subject were analyzed in the same assay in duplicate.

Participants were ambulatory throughout the
study, and regular meals were permitted. Following
administration of the vaginal and rectal supposito-
ries, subjects were kept recumbent for 30-60 minutes.

Direct P measurements on unextracted serum were
done with radioimmunoassay (RIA) using kits ob-
tained from Diagnostic Products Corporation, Los
Angeles.

Serum estradiol (E;) was also measured in all the
fourth-hour blood samples. Direct E; measurements
on unextracted serum were done with RIA using kits
obtained from Pantex, Santa Monica, CA.

Results

As expected, baseline serum P concentrations were
<1 ng/mL. After P administration, all subjects exhib-
ited a significant P increase that persisted for at least
eight to ten hours (Tables I-III).

In the first study there was a prompt increase in
serum P concentrations after the administration of
both 50 and 100 mg sublingual P, with mean peak
levels of 10.5 and 17.6 ng/mL, respectively, at one
hour (Table I).

In the second study the mean peak P levels after
100 mg sublingual P were 13.5; capsule, 10; vaginal
suppository, 8.2; and rectal suppository, 14.0
ng/mL. These peak levels occurred one and two
hours after sublingual administration and oral cap-
sules and two to five hours after the vaginal and rec-
tal suppositories (Table II). The area under the curve

Table I Serum Progesterone Concentrations After Sublingual
Administration in Eight Women

Progesterone
50 mg 100 mg
Time (h) (ng/mL, mean + SEM) (ng/mL, mean + SEM)
0 0.4110.11 0.6610.11
Ya 8.4412.16 12.41+2.23
1 10.53%1.75 17.61+3.78
2 6.1610.95 16.82+2.78
4 2.8110.56 6.3411.21
6 1.97+0.17 3.18+0.08
8 1.22+0.18 2.3410.22
24 0.66+0.11 0.95+0.13
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Table I Serum Progesterone Concentrations After Sublingual,
Oral, Vaginal and Rectal Administration

Progesterone (100 mg)

Oral (capsule)
Sublingual (ng/mL, Vaginal  Rectal (ng/mL,

Time (ng/mL, mean mean + (ng/mL, mean mean
(h) + SEM) SEM) + SEM) SEM)

0 0.42+0.11 0.96%+0.13 0.95+0.23 1.17%0.17
Ya 6.26+1.37 6.521+3.57 3.471+0.66 6.32t1.62
1 13.471+4.00 5.88+2.12 5.79+0.80 11.21+3.10
2 10.15+2.47 10.03+2.79 7.63+£0.70 13.9614.22
3 526+1.05 5.24+1.54 8.2110.96 12.81+3.40
4 6.47+2.62 3.931+0.74 7.14%+0.92 12.21%+2.13
5 3.39+0.56 3.19%+0.53 7.27+1.31 11.96%+2.32
6 2.55+0.28 2.48+0.31 6.0610.88 11.28%+2.23
8 2.42+0.28 2.26+0.17 5.05+0.92 10.09%+2.43
10 —_— - 5.02+1.65 6.96+2.97
24 0.89+0.21  0.92+0.24 1.83+0.63 2.331+0.64

with rectal P administration was almost double the
areas obtained with the other routes (Table IV).

In the third study the mean peak P level after the
oral administration of 100 mg P tablets was 3.9
ng/mL and after 200 mg, 10.2. The peak times were
four to five hours after administration (Table III).

Mean P levels after the sublingual dose, capsule
and 100-mg tablets were administered were back to
baseline at 24 hours. However, mean P levels re-
mained elevated at 24 hours after vaginal supposi-
tory, rectal suppository and 200-mg-tablet adminis-
tration, with concentrations of 1.8, 2.3 and 1.2
ng/mL, respectively (Tables I-III). Mean P levels at
peak were not significantly different from mean mid-
luteal-phase P concentrations with 50- and 100-mg
sublingual administration, 100-mg capsules, 100-mg
rectal and vaginal suppositories and 200-mg tablets.
When individual data were analyzed in the second
study, 2 of 10 subjects using sublingual P, 3 of 10 us-
ing oral capsules, 2 of 13 using vaginal suppositories
and 2 of 12 using rectal suppositories showed mean
peak P levels €5 ng/mL.

The rate of P absorption was quite variable in the
same subjects and also between different subjects us-
ing the same dose of P and the same or different
routes of administration, thus making it impossible
to predict the most effective route of absorption. In a
few circumstances, when the same dose and route of
P were administered in the same subject on more
than one occasion, there was good reproducibility.

No side effects, including drowsiness and gastro-
intestinal complaints, were noted with any of the P
preparations. In some of the subjects a portion of the
vaginal suppository contents was lost even after re-
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cumbency for at least one hour. Five subjects re-
ported minimal vaginal spotting for a few days
and/or reported that the subsequent menstrual
period occurred earlier than expected. This
phenomenon was more evident if P was administered
for two or more consecutive days. All had normal
resumption of their subsequent menstrual cycles.
Serum E; levels remained in the range of 40-200
pg/mL in all subjects. Neither the peak P nor the
areas under the curve seemed to correlate with the
serum E; levels. There was no significant change in
serum E; in any subject following P administration.

Discussion

Progesterone plays a vital role in human reproduc-
tive physiology: it is the only naturally occurring
progestational agent. It has had limited usefulness
because of its short half-life and extensive degrada-
tion following oral administration. Because of these
problems, orally effective, synthetic progestins have
been substituted.?’

There are obviously considerable differences be-
tween natural P and progestins. Since some proges-
tins have been associated with abnormal fetal devel-
opment and possess luteolytic properties,? there has
been increased interest in the clinical and therapeutic
need for P.! Furthermore, P has been widely advocat-
ed for the management of PMS even though this
treatment is still controversial and the precise role
played by the gonadal steroids in PMS remains poor-
ly understood.* Uncontrolled studies have reported
favorable results,® but most double-blind studies so
far have failed to show the efficacy of P over

Table Il Serum Progesterone Concentrations After Oral
Administration

Progesterone (Oragest)
100 mg 200 mg
Time (h) (ng/mL, mean + SEM) (ng/mL, mean + SEM)
0 0.46%0.15 0.43+0.17
EZ] 0.61+0.15 0.85+0.35
1 1.611+0.56 2.78+1.03
2 2.331+0.54 4.98+1.65
3 3.3710.48 7.2411.71
4 3.8910.43 10.10+2.42
5 3.7310.49 10.21+3.18
6 3.02+0.49 5.98+1.32
8 2.45+0.44 3.6510.54
10 1.8310.25 3.381+0.73
24 0.761+0.21 1.16£0.15
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Table IV Summary of the Progesterone Study
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Route of administration

Oral

Variable Sublingual Sublingual  (capsule) Vaginal Rectal Oral (tablet—Oragest)
Dose (mg) 50 100 100 100 100 100 100 200
Peak time (h) 1 1-2 1 2 2-5 2-5 4-5 4-5
Peak concentration )

(ng/mL) 10.5+1.8 17.6+3.8 13.5+£4.0 10.0t2.8 8.21+1.0 14.014.2 3.910.4 10.2+3.2
Range at peak

(ng/mL) (4.5-16.1)  (9.0-33.9) (3.5-41.5) (2.0-25.9) (3.6-14.1) (1.6-53.1) (1.8-5.9) (4.7-18.5)
Area under curve

(8 h, cm?) 61.0 131.0 95.5 76.9 96.0 169.9 434 100.0
No. of participants 8 8 10 10 13 12 9 5

placebo.1¢22:22.25 QOne recent double-blind study
showed that an oral formulation of micronized P was
effective in alleviating many PMS complaints.® The
contradictory reports on all therapeutic modalities in
PMS are certainly not surprising because of the
plethora of subjective symptoms, their variability in
intensity from one month to another and the short
duration of many studies. Because of the absence of
effective and generally acceptable treatments for
PMS, the symptomatic improvement that some PMS
patients report with P and the absence of significant
side effects from P therapy, it is expected that P will
continue to be used in PMS for the foreseeable fu-
ture.

Nillius and Johansson showed that the intramuscu-
lar injection of 25 mg of P in oil or 100 mg given by
the vaginal or rectal route achieved blood P levels
equivalent to those seen during the luteal phase.’

Since the intramuscular route of P administration
is not therapeutically practical and the vaginal/rectal
approach is inconvenient and esthetically displeasing
to many women, we studied other nonparenteral ap-
proaches to P administration and compared them to
the currently utilized vaginal and rectal modalities.

Our results show that serum P levels similar to
luteal phase levels can be achieved following a single
dose of 100 mg micronized P administered sublin-
gually or orally (in a gelatin capsule) or with vaginal
or rectal suppositories. The rapid absorption and
disappearance of sublingual P necessitate its use
several times per day for it to be therapeutically ef-
fective. In one study 50 mg of P suspension was ap-
plied sublingually in five postmenopausal women not
receiving estrogen replacement.?® The peak P value
was 4 ng/mL at 30 minutes, while in our study, using
a similar dose, that value was 10.5 ng/mL at 1 hour.
An accurate comparison of serum P levels in different
studies is not possible because of variations in assay

methods. In a more recent study the bioavailability
of P administered as a nasal ointment was assessed.?*

In our study the capsule showed a slightly delayed
peak, but again its disappearance from the circula-
tion was similar to our experience with sublingual P.
The sustained P levels after administration of the
vaginal and rectal suppositories reflect slow mucosal
absorption. The lower P levels from the vagina as
compared to the rectum are probably secondary to
loss of some of the material from the vagina during
the process of absorption. Serum P levels achieved
after administration as a vaginal suppository, and
presumably as a rectal one, are influenced by the
vehicle in which the steroid is given.¢21 The vehicles
used most commonly are cocoa butter and polyethyl-
ene glycol. Although 200 mg of P in oral tablets was
required to accomplish comparable peak serum P
levels obtained with other modes, the P levels after
tablets were administered remained elevated for
several hours.

Recent interest has been rekindled in and shifted to
the search for an orally effective form of natural P.
Preliminary studies have shown that micronized P is
readily absorbed when given orally and that that
route may offer a better alternative to the other
modes of P administration and to the use of synthetic
progestins, 3-1516.20.28

Kincl et al demonstrated that decreasing the parti-
de size with micronization increased dissolution and
that coating the P with lipids increased it bioavaila-
bility. Kincl et al suggested that the latter approach
may enhance lymphatic absorption.!? ‘

Micronized P combined with oil in a soft gelatin
capsule (Utrogestan, Laboratoires Besins Iscovesco,
Paris, France) has been evaluated primarily in Eu-
rope, 1162028 and, more recently, the bioavailability
of micronized P in oral gelatin capsules was reported
on in this country.!®
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Lane et al** showed that oral administration of P
clearly effects an end organ response within the endo-
metrium, and in a subsequent study Padwick et al®
concluded that 100 mg oral P in the morning and 200
mg at bedtime increased the serum concentration of P
and that the duration of the increase was sufficient to
evoke progestational responses in the responsive end
organs.

Natural P certainly has advantages over synthetic
progestins. Short-term studies have not demonstrat-
ed significant changes in serum lipoprotein frac-
tions.”** Exogenously administered P does not sup-
press endogenous P production but has an additive
effect.! P therapy initiated in early pregnancy and in
association with a corpus luteum defect causes no
adverse effect on the pregnancy. P has not been
found to be harmful to the developing fetus, and
there is some suggestion of its beneficial effects.?’

Side effects are uncommon with P. Studies on the
side effects of long-term P use have not been com-
pleted. Dalton followed 40 women who were on P
therapy for over ten years and did not note adverse
effects. A recent study in women evaluated for infer-
tility suggested that P deficiency increased the risk of
premenopausal breast cancer 5.4 times and increased
the risk of death from all malignant neoplasms 10.0
times.* No adverse drug interactions have been docu-
mented. The potential for overdosing is minimal
since the P level in pregnancy is 10-30 times higher
than the peak level seen during the luteal phase.?

Conclusion

Oral treatment with P should have at least metabolic
advantages over that with synthetic progestins. Oral
P may develop into an attractive option for therapeu-
tic use. Further studies are in progress with the tablet
(Oragest) to find the optimum dose, frequency and
duration of administration and to maximize target
organ effectiveness and delineate the therapeutic
benefits.
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